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SOLV E:Automated crystallographic structure solution for MIR, SAD, and MAD
RESOLVE: Statistical density modification, local pattern matching, automated model-building,
automated ligand-fitting, and prime-and-switch minimum bias phasing

Tom Terwilliger, Los Alamos National Laboratory
Last updated 8-July-2005 (version 2.10)

Subscribe to the SOLVE / RESOLVE mailing list!

Download SOLVE/RESOLVE manual (without sample scripts) as PDF (2 Mb)

References for SOLVE and RESOLVE

SOLVE: Terwilliger, T.C. and J. Berendzen. (1999) "Automated MAD and MIR structure solution". Acta
Crystallographica D55, 849-861.
RESOLVE: Terwilliger, T. C. (2000) "Maximum likelihood density modification,” Acta Cryst. D56, 965-972.
RESOLVE model-building: Terwilliger, T.C. (2002) "Automated main-chain model-building by template-
matching and iterative fragment extension." Acta Cryst . D59, 34-44.

(for full list see SOLVE references and RESOL VE references)

Features of version 2.10 of
SOLVE /RESOLVE

. Automated loop fitting
RESOLVE now hasa
very powerful loop-
fitting algorithm. Y ou
provide the residues on
the ends of the loop and
an mtz filewith
information for
calculating amap, tell it
how many residues are in
the loop including the
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SOLVE/RESOLVE €ectron-density map and auto-built
atomic model for initiation factor 5a at a resolution of 2.1A.
Multiwavelength diffraction data courtesy of Tom Peat;
refinement with Garib Murshudov's refmac5s; graphicsdrawn

with Alwyn Jones O

More features of version 2.10 of SOLVE / RESOLVE...

. PHENIX Alpharelease NOW AVAILABLE: The PHENIX project (www.

phenix-online.org) is a collaboration aimed at developing a comprehensive
and integrated platform for determing macromolecular structures. The
PHENI X software has graphical toolsto let you choose your structure
determination pathway from pre-packaged modules and to combine them in
many ways, and it has Wizards that lead you through structure determination.
Y ou can run the PHENIX Wizards from a GUI or with scripts. PHENIX has
full refinement (phenix.refine), dual-space heavy-atom search (HY SS),
automated model-building (RESOLVE, TEXTAL), molecular replacement
and maximum-likelihood phasing (PHASER), and many other powerful
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ends and how hard to try,
and resolve will fit the
loop. It takes just afew
seconds to run in most
cases. If you want to do
thisin afully automated
way, try using the
ResolveBuild and
IterativeBuild wizardsin
PHENI X!

Automated fitting of
flexible ligandsto
electron density maps
with the

resolve ligand fit script:
RESOLVE now is
capable of fitting ligands
with many rotatable
bonds to maps.
RESOLVE starts by
finding the location and
orientation of the largest
fixed part of the ligand,
then builds all the other
parts sequentially to this
core. You can even give
resolve alist of ligands
and theresolve ligand id

script will fit each oneto
the map and score them
all, identifying which
may be correct.

Merging of NCS copies
is now automatically
carried out during
iterative model-building
and refinement with the
RESOLVE BUILD

script.

New standard
procedures: The best
way to use SOLVE/
RESOLVE now on SAD/
MAD/MIR data is: (1)
edit and run one of the
standard SOL VE scripts,



http://www.ysbl.york.ac.uk/~garib/refmac/index.html
http://www.imsb.au.dk/~mok/o/
http://www.phenix-online.org/
http://www.phenix-online.org/
http://www.phenix-online.org/
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features. Just about anything that SOLVE/RESOLVE scripts can do,
PHENIX can do (better)! Giveit atry, and be sure to update as new versions
become available because it is changing rapidly!
. Fragment identification: RESOLVE can identify the presence of
fragments of structure (helices, strands) in your map and use them to improve
your phases. Likelocal pattern matching, this can make a big difference if
your map is of moderate quality. Thisis also automatically carried out using
thenew RESOLVE BUILD script.
« Superquick model-building: RESOLVE now can build your model at a
rate of up to 1 residue every 2-3 secondsif you have agood map
("superquick _build"). Even the more thorough standard model-building in
RESOLVE is now 3 times faster than earlier versions.
. Swap-space needs for SOLVE/RESOLVE: For the standard versions, 1
GB or more of swap space is recommended (700 MB minimum). On linux
machines you can now run resolve _huge, and even go as high as "isizeit =
36" if you have 4 GB of swap space. RESOLVE runs best on linux machines
if they have 1 GB or more of memory
. Youcangive SOLVE and RESOLVE all your MAD/SAD dataand it will
decide at what resolution the signal-to-noise is high enough to use for
phasing.
. SOLVE carriesout all the steps of macromolecular structure determination
from scaling data to calculation of an electron density map, automatically.
. RESOLVE uses statistical density modification (previously called
maximum-likelihood density modification) to improve electron density maps
Prime-and-switch phasing in RESOLV E removes model bias from model-
phased maps. See some amazing prime-and-switch exampl es!
RESOLVE automatically identifies NCS in heavy-atom sites and appliesit
for you.
. Version 2.10 contains all of earlier SOLVE and RESOLVE versions. Now
you download SOLVE and RESOLVE both at once.
« Your version 2 licenseisgood for al versions 2.xx of SOLVE/RESOLVE.
No need for new access codes.
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(2) edit and run the
RESOLVE BUILD
script, which does pattern-
matching, the new
fragment identification
procedure, density
modification, and
iterative autobuilding and
isimproved from the
original scriptin version
2.06. With fast model-
building, the whole
process takes only afew
hours for asmall protein
and overnight to afew
daysfor amoderate-sized
one.

. Evaluate your final

model automatically:
The RESOLVE BUILD

script will automatically
calculate a prime-and-
switch composite omit
map at the very end of
model-building and
evaluate the model and
give you areport on how
well your model fitsthe
map. Y ou can also use
this script to evaluate a
model you built yourself.
Local pattern matching:
RESOLVE PATTERN

can identify local patterns
in your map and use them
to improve your phases.
Local pattern matching
can make a big difference
If your map is of
moderate quality. Thisis
automatically carried out
using the new

RESOLVE BUILD

script.

. CCP4verson5

libraries; CCP4 version
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5.0 librariesare used in
versions of SOLVE/
RESOLVE starting with
version 2.08. Version
2.10 will work with
output from previous
versions, except that ha
pdb files from previous
versions need to have the
CELL, SCALE and

CRY ST headers added
(these can be copied from
your resolve.pdb or other
model PDB files).

How do| get SOLVE and
RESOLVE?

Do you have a SOLVE
license?

You can download SOLVE and
RESOLVE upgrades at any time,

once you have your version 2
license, there are no more formsto
fill out. (Version 1 users need a new
license.)

Do you need a SOLVE
license?

You need to fill out the license form;

you can get a free 45-day license to
try it out.

Disclaimer/Privacy
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SOLVE / SOLVE on-line
RESOLVE home manual

SOLVE Examples

SOLVE

Automated crystallographic structure solution for MIR, SAD, and MAD
Tom Terwilliger, Los Alamos National Laboratory

Last updated 3-June-2005 (version 2.10)

SOLVE isaprogram that can carry out all the steps of macromolecular
What is SOLVE? | structure determination from scaling data to calculation of an electron
density map, automatically.

SOLVE does everything crystallographers do to solve an MIR or MAD
structure, but automatically. It scales data, solves Patterson functions,
calculates difference Fouriers, looks at a native Fourier to seeif there are
distinct solvent and protein regions, and can score partial MAD and MIR
solutions to build up a complete solution. SOLVE has solved MIR and MAD
structures with up to 66 heavy-atom sites. Check out some examples and

look at the on-line manual for more info!

What can SOLVE
do?

Many new featuresfor versions
1.18/1.19/2.01/2.02/2.03/2.04/2.05/2.06/2.07/2.08/2.09/2.10
of SOLVE:

. You can tell SOLVE to ignore big peaksin the
Patterson with the flag uvw_remove.

. SOLVE now will analyze your MAD/SAD datato
identify to what resolution there is significant signal in
your data; then it will carry out heavy-atom searches
and phasing to this resolution. It will write out al the
datafor RESOLVE to read in and use in phase
extension. You can set the working resolution with
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SOLVE / RESOLVE €lectron
density map calculated after
automatic solution at 2.4 A of a
MAD structure with 56
selenium atoms followed by
automatic maximum-likelihood
density modification. Data and
model courtesy of Ward Smith
and Cheryl Janson

"res_phase" too.

SOLVE now has easy scriptsfor SAD phasing.
SOLVE now writes out heavy atom sites in fractional
coordinates in solve.xyz and also the inverse in
solve inverse.xyz. Y ou can copy these into your script
and use ANALYZE SOLVE to easily re-run either a
modification or the inverse.

SOLVE has even better MAD phasing! SOLVE now
re-refines scattering factors using the final heavy atom
parameters, improving the final phases. In
combination with RESOL VE, the final maps are
greatly improved over earlier versions.

Must faster search for solutions: SOLVE now follows

only the very best solution by default, greatly speeding
up the search in most cases.

Y ou can start from MR or other input phases.

Y ou can read CCP4 unmerged intensities directly.

Y ou can specify a SOLVETMPDIR where SOLVE
will write scratch files.

Y ou can tell SOLVE where some sites are and go on
from there easily with ANALYZE SOLVE and with
ADDSOLVE

Thereisnow a SOLVE FAQS page.

Y ou can load the SOLVE manual with aweb browser
just by typing "solvehelp” on your terminal!

Versions 1.19 and 2.01 correct bugs in SAD phasing
and allows 6 derivatives again

Disclaimer
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RESOLVE

Statistical density modification

Prime-and-switch minimal-bias
phasing

Local pattern matching
Automated model-building
Automated ligand-fitting

Tom Terwilliger, Los Alamos National
Laboratory

What is resolve?

RESOLVE is aprogram that improves electron
density maps.

RESOLVE uses a statistical approach to
combine experimental X-ray diffraction
information with knowledge about the
expected characteristics of an electron density
map of a macromolecule.

Y ou can run RESOLVE to improve your maps
right after using SOLVE or another program to

solve your structure.

Version 2.02 and higher of RESOLVE will
build amodel of your structure automatically.
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Version 2.03 and higher can be used for
iterative model-building and refinement.

How is RESOLVE different than other density-
modification programs?

RESOL VE uses a new mathematical formulation
to directly maximize the total probability of the
phases. Most other approaches rely on phase
recombination where the optimal statistical
weighting of experimental and modified phasesis
not known.

What is prime-and-switch phasing and how does
it minimize model bias?

Prime-and-switch phasing primes density
modification with biased model phases, then
switches entirely to an independent source of
phase information (the probability of the map) to
remove the model bias. Prime-and-switch phasing
can give excellent unbiased maps even for crystals
with very low solvent content (provided that the
biased model did have substantial correct phase
information!)

What are other new features of version 2 of
resolve?

In addition to prime-and-switch phasing, version
2.0 of RESOLVE can find non-crystallographic
symmetry in your heavy-atom sites and apply it
automatically. Version 2.02 and higher can build
amodel for you aswell. Versions 2.05 and higher
can identify local patterns and use them to
improve your phases.Versions 2.06 and higher can
carry out iterative pattern id, fragment id, and
model-building. Resolve versions 2.08 and higher
can carry out automated ligand fitting as well.

How can | read more about resolve?

The mathematics behind RESOLVE and examples
of its use are described in the article "Maximum

likelihood density modification," appearing in
Acta Cryst. D56, 965---972 (2000).

Last updated: 3-June-2005 (version 2.10)
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SOLVE/RESOLVE licensing information

U.S. Universities, non-profits, other non-
governmental institutions

A one-time $500 license fee is good for al
versions from version 2.00 to version 2.99 for all
machines at your institution. Y ou can get afree
45-day tria license too.

U.S. Government institutions

For U.S. government institutions, the SOLVE/
RESOLVE licenseisfree of charge. One license
isgood for al machines at your institution.

U.S. Commercial institutions

Contact the Los Alamos Technology Transfer
Division for commercial licenses. You can get a
free 45-day trial license if you wish.
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SOLVE licensing information

Non-U.S. Non-commercial institutions

A one-time $600 license and export fee is good
for al versions from version 2.00 to version 2.99
for all machines at your institution.

Non-U.S. Commercial institutions

Contact the Los Alamos Technology Transfer
Division for non-U.S. commercial licenses.

<br> <br>
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Downloading and upgrading SOLVE/RESOLVE
The current version of the SOLVE/RESOLVE package isversion 2.10.

Please note: One licenseisgood for all machines at your institution for all versions from 2.00 to 2.99
(it goesin "solve2.access' and the upgrade is free for academic/non-profits)

There are three easy partsto installing SOLVE/RESOLVE on your system

. you need to figure out which version of SOLVE/RESOLV E matches your system

. you need to ftp a compressed file to your computer, uncompressit, and run install.csh to put the
filesin the right places on your system and set up solvehelp (alink to the local version of the
manual).

« you need to put the "solve2.access' file you get from us by email in the right place on your system

Once you have SOLVE/RESOLVE installed you can view the manuals just by typing "solvehelp".

1. First you need to choose the file that matches your computer. If none does, then you can get aversion
compiled on your computer directly by emailing me at "terwilliger@lanl.gov". Each download file
contains "solve" and "solve _giant" and "solve _huge'. Same for resolve. The giant-size and even bigger
huge versions are for huge unit cells and are not usually necessary. Also if you have areally enormous
unit cell you may need an even bigger version which you can receive by emailing me directly.

If your computer is

a Then ftp thisfile...

Alpharunning
Digital (Tru-64) Unix

SGI (R5000 or
higher, most Octanes)

linux (Red Hat 7.3 or

solve-2.10-alphatar.gz

solve-2.10-sgi.tar.gz

Fedora 3 or higher O
on Pentium 111 or solve-2.10-linux.tar.gz
higher)
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All other machines

(and some SGI email terwilliger@lanl.gov for source

- . [to compile on your machine. Y ou
Octanes which won't i .
run SGI version of W!tlalnleee;jd to have the ﬁCP4 suite
SOLVE) in on your machine

2. Here is how to get the file containing the SOLVE and RESOLV E programs by ftp, uncompress it, and
put the files in the right places on your system. (Note that you can substitute any directory you want for "/
usr/local/lib/solve" in the install.csh script and then set the environmental variable SOLVEDIR to point
to that directory in everyone's .login or .login_custom file.)

. Make the directory /usr/local/lib/solve on your computer and get into it as "root"
« Click on the ftp links above or this one to download the file you need:

ftp solve.lanl.gov/pub/solve/2.10/

Please note: If this download does not work please try directly running ftp from aterminal with:

ftp solve.lanl.gov

anonynous

your - enai | - addr ess

cd pub/solve

S

bi nary

get nane-of -t he-downl oad-fil e- you-want
qui t

. uncompress and extract the files (Note: on OSX use bzip2 to unzip the file):

gunzi p solve*. gz
tar xof solve*.tar

. install solve by running install.csh (after editing it if you wish):

cd sol ve-2.10/
./install.csh

. Please note: on some systems the binaries supplied use shared libraries. If your system does not
have the shared libraries you will get an error message when you run the programs. The solution
isto compile the program on your own machine. Just email terwilliger@lanl.gov and I'll send you
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instructions.

You are just about ready to go. Now you can run SOLVE or RESOLVE (usually in /usr/local/bin/
solve and /usr/local/bin/resolve) for regular-size runs, and solve giant and resolve giant or the
bigger solve huge and resolve _huge for huge unit cells.

Now thisdirectory also hasin it all the symmetry files
This directory aso has the local on-line manual. Y ou can access the on-line manual just by typing
"solvehelp” now. (It may only take effect after you log in again).

Change for versions 2.08 and higher: RESOLVE uses the CCP4 version 5 libraries. In your
scripts you will now want to specify both SYMOP (asin earlier versions) and SY MINFO. These
are located in the same place. If you use the ones supplied with SOLVE/RESOLVE, they are
located in:

setenv SYMOP /usr/local/lib/solvel/synop.lib
setenv SYM NFO /usr/local/lib/solvel/symnfo.lib

Finally, you need to set the CCP4_OPEN environmental variable. Put in your .login_custom or
else at the beginning of all filesto run solve the following command. (It allows ccp4 routines to
overwrite existing files. If you don't do this solve will stop the second time you run it when it tries
to open solve.mtz)

o setenv CCP4_OPEN UNKNOWN # for sh or csh shells

1 export CCP4_OPEN=UNKNOWN # for bash or ksh shells
Y ou may also wish to set the environmental variable SOLVEDIR which tells SOLVE and
RESOLVE where to look for solve2.access and symmetry files. (Change the directory if you
don't use the default one.)

1 setenv SOLVEDIR /usr/local/lib/solvel # for sh or csh shell

o export SOLVEDIR=/usr/local/lib/solvel # for bash or ksh shells
Y ou are now ready to go as soon as your solve2.accessfileis ready

3. Hereis how to set up your solve2.accessfile. After your license is completed you should receive an
email from us with the two lines of information for the solve2.access file. (Note that the old solve.access
filefor version 1 won't work any more.) They will look like:

Li cense for SCOLVE/ RESOLVE version 2 expiring 01l-jan-03
X89A943951

There should be exactly 10 characters left justified on the second line. Thisis the access code.
Please note: There must be a carriage return at the end of the second line of solve2.access for

RESOLVE to read it correctly.

Put the 2 linesinto afile called "solve2.access' and put thisfilein the directory /usr/local/lib/
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solve or else in the directory named by the environmental variable SOLVEDIR. (See"Intro/
Getting Started/The SOLVEDIR environmental variable" for more information on setting that
variable.)

« You areready to go. You should be able to run solve by typing "solve" from any directory if your
path is set up to look in /usr/local/bin for programs. Y ou can always type "/usr/local/bin/solve’ to
run solve if your path isn't set.

If you have problems getting SOLVE/RESOLVE going then:

. try again a couple times following the instructions as closely as possible
. check that the machine you are working on matches the file you have ftp'd
. email mefor help at terwilliger@lanl.gov
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Mailing list for Solve

Mailing list for SOLVE and RESOLVE

Now you can correspond with other SOLVE/RESOLVE users with this email
newsgroup.

To subscribe to or unsubscribe from the mailing list, send an email message
containing one of the following:

. Subscribe solve
. unsubscribe solve

to:

. listmanager@listserv.lanl.gov

To send a message to everyone on the list, just send an email to

. solve@lanl.gov
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Referencesfor SOLVE

If you use SOLVE for structure determination, please cite the appropriate papers from thislist and al'so
please cite the web site "www.solve.lanl.gov". The overall paper describing SOLVE is:

Terwilliger, T.C. and J. Berendzen. (1999) "Automated MAD and MIR structure solution”. Acta
Crystallographica D55, 849-861.

For automated MAD structure determinations, references 1-3, 5, 6, and 11 are appropriate; for
automated MIR structure determinations, references 1-4 are appropriate.

1. Terwilliger, T. C., Kim, S.-H., and D. Eisenberg. (1987). Generalized method of determining heavy-
atom positions using the difference Patterson function. Acta Cryst. A43, 1-5.

2. Terwilliger, T. C. and D. Eisenberg. (1983). Unbiased three-dimensional refinement of heavy-atom
parameters by correlation of origin-removed Patterson functions. Acta Cryst. A39, 813-817.

3. Terwilliger, T. C. and D. Eisenberg. (1987). |somorphous replacement: effects of errors on the phase
probability distribution. Acta Cryst. A43, 6-13.

4. Terwilliger, T. C. and J. Berendzen (1996) Correlated phasing of multiple isomorphous replacement
data. Acta Cryst. D52, 749-757.

5. Terwilliger, T. C. (1994). MAD phasing: treatment of dispersive differences as isomorphous
replacement information. Acta Cryst. D50, 17-23.

6. Terwilliger, T. C. (1994) MAD phasing: Bayesian estimates of Fa. Acta Cryst. D50, 11-16.

7. Terwilliger, T. C. and J. Berendzen (1995). Difference refinement: a method for estimating
differences between related structures. Acta Cryst. D51, 609-618.

8. Terwilliger, T. C. and Berendzen, J. (1996). Bayesian difference refinement. Acta Crystallographica
section D52, 1004-1011.

9. Terwilliger, T. C. and Berendzen, J. (1996). Bayesian weighting for macromolecular crsytallographic
refinement. Acta Cryst. D52, 743-748.

10. Terwilliger, T. C. and Berendzen, J. (1996). Correlated phasing in multiple isomorphous
replacement. Acta Cryst D52, 749-757.
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11. Terwilliger, T. C. and Berendzen, J. (1997). Bayesian MAD phasing. Acta Cryst. D53, 571-579.
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1. T.C. Terwilliger (1999) "Reciprocal-space solvent flattening," Acta Crystallographica
D55,1863-1871.
2. T. C. Terwilliger (2000) "Maximum likelihood density modification,” Acta Cryst. D56,

965-972
3. T. C. Terwilliger (2001) "Maximum-likelihood density modification with pattern

recognition of structural motifs' Acta Cryst.,, D57, 1755-1762

4. T. C. Terwilliger (2001) "Map-likelihood phasing" Acta Cryst., D57, 1763-1775

5. Terwilliger, T. C. (2004) Removing model bias in macromolecular crystallography. (in
preparation)

6. Terwilliger, T. C. (2002). Statistical density modification with non-crystallographic
symmetry. Acta Cryst. D38, 2082-2086.

7. Terwilliger, T. C. (2002). Rapid Automatic NCS identification Using Heavy-Atom
Substructures. Acta Cryst. D58, 2213-2215.

8. Terwilliger, T. C. (2002). Automated main-chain model-building by template-matching
and iterative fragment extension. Acta Cryst. D59, 34-44.

9. Terwilliger, T. C. (2002). Automated side-chain model-building and sequence assignment

by template-matching. Acta Cryst. D59, 45-49.

10. Terwilliger, T. C. (2002). Improving atomic models at moderate resolution by automated
Iterative model-building and refinement. Acta Cryst. D59, 1174-1182.

11. Terwilliger, T. C. (2003) Statistical density modification using local pattern matching.
Acta Cryst. D59, 1688-1701.

file:///C|/Documents¥%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/resolve _references.htm8/10/2005 3:47:04 PM


file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/resolve_reprint.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2164_pattern_recog_01.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2164_pattern_recog_01.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2165_map_likelihood01.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2269_ncs_denmod.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2269_ncs_denmod.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2270_ncs.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2270_ncs.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2291_main_chain_2002_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2291_main_chain_2002_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2292_side_chain_2002_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/gr2292_side_chain_2002_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/zd0002_iterative_2003_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/zd0002_iterative_2003_final.pdf
file:///C|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/pattern_matching.pdf

resolve_sample_scripts

Back to RESOL VE table of contents

Sample scripts for resolve

Theminimal script for running RESOLVE (on experimental data)
Keywords for running RESOLVE with a different input file
Running RESOLVE with different numbers of cycles or resolution
Running RESOLVE with NCS

Prime-and-switch phasing starting from an MR model

| terative model-building (starting from solve.mtz, solve image.mtz or an MR model)and refinement with RESOLVE and refmach
Density modification using local patterns

Adding HL coefficientsto afile

Adjusting origin of phase set to match another phase set

Merging phase sets with different origins

Fitting a loop (with fixed ends)

Fitting flexible ligands to difference electron density maps

The minimal script for running resolve: (Some sample data and input files are located the library directory where SOLVE and RESOLVE
are installed, usually located at /usr/local/lib/solve/solve-2.03/lib/examples_resolve/ )

#!/ bin/ csh

#

# Here is a minimal script to run resolve:
#

# Set CCP4 variables for symmetry information and
# for file handling:

#

setenv SYMOP /usr/local/lib/solve/synmop.lib
setenv SYM NFO /usr/local/lib/solve/synmnfo.lib
set env CCP4_OPEN UNKNOWN

#

# Now run resol ve:

#

resol ve<<eCD

sol vent _content 0.4 I your solvent content goes here. Next line is your

sequence file
seq_file protein.seq
ECD

. RESOLVE assumes "solve.mtz" asinput with FP PHIB FOM HLA HLB HLC HLD
. Output is "resolve.mtz" with FP PHIM FOMM HLAM HLBM HLCM HLDM (M isfor modified)
. You need to tell RESOLVE the solvent content (approximately)

. If you want to save time and do not want amodel, specify the keyword: no_build
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. The sequencefile for your protein should look like:

M VLTVHYSSEA LV  [put the sequence of chain type 1 here, up to 80 characters per |ine]
>>> [this defines the end of chain 1]
MKLVERW SSTV [ put the sequence of chain type 2 here, up to 80 characters per lineg]

NOTE: just input 1 copy of each unique chain

Keywords for running RESOLVE with a different input file:

hklin other.mz
LABI N FP=F PH B=PH FOMEW HLA=HLA HLB=HLB HLC=HLC HLD=HLD

hkl out resolve.ntz
sol vent _content 0.4 I your solvent content goes here. Next line is your

sequence file
seqg_file protein.seq

. Theinput file is named with HKLIN
. The column names can be specified with the LABIN keyword
. Theoutput file can be specified with the HKLOUT keyword.

Running RESOLVE with a different number of cycles or changing resolution:

mask_cycles 4 I nunmber of cycles of solvent nask generation
(default = 5)

m nor_cycles 3 I cycles of iteration for each mask cycle (default =
10)

sol vent _content 0.4 I your solvent content goes here. Next line is your

sequence file

seq_file protein.seq
mask_cycl es 4 I' nunmber of cycles of solvent nask generation

resolution 20 3.5 I You can linmit the resolution if you want

. You might want fewer mask cycles to save time if the phase change in the last cyclesis very small.
Alternatively you might want more minor cycles for each mask cycleif the phase change in the last minor cycles of each mask

cycleisnot very small.
You can limit the resolution if you want. Currently, RESOLV E does not fill in reflections that are not in the input file. RESOLVE

will fill in phase information for any reflectionsthat it readsin that have a non-zero structure factor amplitude
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Runni ng RESOLVE wi th NCS

Y ou can have RESOLVE identify NCS from atomsin a PDB file (default file is the "ha.pdb” file output by SOLVE). Y ou can also
generate an appropriate file for molecular replacement cases by selecting 3 equivalent atoms in each molecule and creating a PDB file
with just these 3*N atoms.

Alternatively, you can enter NCS operators directly to resolve. In this case you aso need to enter an estimate of the center-of-mass of
molecule 1.

You need to input N sets of rotation matrices/trans ations/centers-of-mass, 1 for each copy in the asymmetric unit. Start with the identity
for molecule 1. You can conveniently get al the numbers you need from the CCP4 program Isgkab if you have a model that you are
starting with. The rotation/transl ation matrices and the center-of-mass are all input in aform appropriate for operating on orthogonal
Angstrom coordinates (not fractional coordinates).

rota_matrix .92 .01 .33 Irotation matrix for nolecule j ->nmolecule 1
rota_matrix -.01 -.99 .03
rota matrix .05 .10 -.95

tran_orth .50 .00 .00 I translation for nolecule j -> nolecule 1
center_orth 25. 39. 44. I center of mass, nolecule |
fraction_ncs 0.15 I fraction of the asymretric unit in 1 copy of
NCS
! (only needed if it is not equal to (fraction protein)/(nunber of
NCS copi es)

. RESOLVE automatically identifies amask for NCS, but requires an estimate of the center of molecule 1, in orthogona A units
("center_orth™)

. RESOLVE expects rotation matrices ("rota_matrix") and translation vectors ("trans_orth") in orthogonal Angstrom units that
map each of the N molecules onto molecule 1 in the asymmetric unit. Thisisthe form produced by the CCP4 program Isgkab
with xyzinl (reference)= molecule 1 and xyzin2 (working)= moleculej. If you have transformations that go from molecule 1 to
molecule N, you can specify "invert" to invert the transformations.

. Input the matricesfirst (three lines of "rota_matrix" for each matrix); then the trandlation vector

. Input the identity as the first rotation matrix, with a zero transl ation vector

For at |east the first molecule, you need to enter an estimate of the center of the molecule ("center_orth"). If you enter centers for
others, resolve will verify that the centers match the positions expected from the symmetry you input

Prime-and-switch phasing starting from a SIGMAA-weighted map (see also script above starting right from an MR mode!)

To carry out prime-and-switch phasing starting with amodel and SIGMAA phases: (Sample data and input files are located the library
directory where SOLVE and RESOLVE areinstalled, usually located at /usr/local/lib/solve/solve-2.06/lib/examples resolve/ )

1. Run Randy Read's SIGMAA program to get as unbiased a starting map as possible into "sigmaa.mtz"
2. Go to the directory where you ran sigmaa and type (or put in acommand file):

#!/ bi n/ csh
# Here is a very minimal script to run prinme-and-sw tch phasing
#

# Set CCP4 variables for symretry information and
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# for file handling:

#

setenv SYMOP /usr/local/lib/solvel/synop.lib
setenv SYM NFO /usr/local/lib/solve/symnfo.lib
setenv CCP4_OPEN UNKNOWN

#

# Now run prine-and-sw tch phasing:

#

resol ve<<keQOD

hkl'in signaa.ntz

| abi n FP=FP FC=FC PHI C=PH C FOVEWCMB FWI=FWI'

hkl out ps.mtz

sol vent _content 0.4 I your solvent content goes here. Next line is your
sequence file

seq_file protein.seq

prime_and_switch

ECD

#

# Now "ps.mz" has the output anplitudes, phases,
# figure of nmerit and HL-coeffs in colums | abelled: FP PHHM FOWM HLAM HLBM HLCM HLDM
#

Note: The least biased map from SIGMAA is FWT exp(i PHIC), so RESOLVE works best starting with FWT from SIGMAA.
However, you can leave out FWT if you wish. Y ou need FP FC PHIC at a minimum.

. Output is"resolvemtz" with FP PHIM FOMM HLAM HLBM HLCM HLDM (M isfor modified)

| terative model-building with RESOLVE and refmacb

Y ou can carry out model-building and refinement iteratively with RESOLVE and refmac5 . A script that you can edit and useis
resolve build.csh. Thisis convenient for starting with solve.mtz (right from SOLVE)

Y ou can also carry out iterative model-rebuilding (starting from an MR model, for example) with resolve build.csh.

Adding HL coeffs
Y ou can convert from PHI FOM to PHI FOM HL ABCD in an approximate way with this script:

hkl i n phases. ntz

| abi n FP=FP PH B=PHI B FOVEFOM

scale refl 0. ! just use prior phase information
mask_cycles 1

m nor_cycles 1

solvent _content 0.5 !any nunber, not used but needed
no_build

hkl out phases_hl .ntz
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Adjusting origin to match another phase set

Y ou can apply an offset of the origin for a dataset to match the origin in another phase set. It uses an FFT convolution to find the best
allowed offset between the maps cal culated with the two phase sets. Unlike merging two phase sets (below) HL coefficients are optional.
Note: the FP and SIGFP in the output file will come from the hklin file NOT the hkimergefile.

hklin random 1 hl.ntz ! File with target map (fixed)

| abi n FP=FP PH B=PH M FOVEFOW

hkl merge random 2 hl.nmz ! File to be offset

| abnerge FP=FP PHI B=PH M FOMFOWM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM

hkl _offset _file resolve_off.mz ! The hklnmerge file, offset all by itself

Merging phase setswith different origins

Y ou can merge phase sets with different origins with this script. It uses an FFT convolution to find the best allowed offset between the
maps cal culated with the two phase sets. Merging the files REQUIRES HL coefficients (see above for generating them if you do not have
them). Note: the FP and SIGFP in the output file will come from the hklin file NOT the hkimerge file:

hklin random 1 hl.ntz ! File with target map (fixed)

| abi n FP=FP PH B=PH M FOVFFOVWM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM

hkl merge random 2_hl.nmz ! File to be offset

| abnerge FP=FP PHI B=PH M FOMFOVM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM

hkl _offset file resolve off.mz ! The hklnmerge file, offset all by itself

hkl _merge_file resolve_nmerge.nmz | The hklnmerge file offset, then nmerged with hklin

Fitting a loop (with fixed ends)

Y ou can now fit aloop if you know the ends. Put the two amino acids before the loop and the two after the loop in apdb file (loop_ends.
pdb) and put al the rest of your model in another PDB file (all_but_|loops.pdb) that will be used as a mask to prevent building where your
model exists. Then run the script below, specifying the number of residues in the loop, including the 2 on each end that you are

supplying.

hklin resolve.ntz

| abi n FP=FP PH B=PH M FOVEFOW

pdb_in | oop_ends. pdb I Just 2 residues at beginning of |oop, 2 at end.
seq_file seq. dat

extend_only

| oop_only I just fit the loop

nodel all _but _I oop. pdb

bui | d_out si de_nodel I don't build in region defined by node
no_sub_segnents I fit the whole | oop to sequence, not parts
n_random | oop 20

| oop_l ength 8 exact length of loop, including ends in pdb_in

you can leave it out if unknown
how much to vary each try of building the |oop
m ni mum correl ati on of density for the |oop

rms_random | oop 0.3
| oop_cc_min 0.4

ECD
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Fitting flexible ligands to difference electron density maps
Y ou can fit aflexible ligand into a difference electron density map.

Y ou have two choices of input for the ligand. Y ou can either input a single copy (preferred method) and the program will guess
acceptable configurations, or you can make about 10 copies of the ligand in different allowed conformations and put them all into a one
PDB file.

In either case, RESOLVE will identify therigid parts of the molecule and all allowed relationships between them from this group of
structures. It will then build the ligand into the el ectron density map. See the list of resolve keywords for additional options (i.e.,
delta phi_ligand...)

hklin difference_density.ntz ' File with map
| abi n FP=FP PHI B=PH M FOVEFOVW
ligand_file ligand_in_1 or_10_conformati ons. pdb

That'sit. RESOLVE will fit the ligand into the density and write it out to "ligand_fit.pdb" along with an analysis of the fit.
If you want to input an experimental map and amodel for most of the structure you can add the keyword mode!:

nodel protein_nodel . pdb

and RESOLVE will subtract off the density from the model and just fit the remaining (ligand) density.

For more information on ligand fitting, see the introduction in ligand fitting.

A script you can edit isresolve ligand fit.com.

To score many ligands against your map, use resolve ligand id.com.

If you want to calculate a map with difference density for the ligand, then use resolve difference script. This script starts with an mtz file

containing native amplitudes (FP) and a PDB file containing amode! for the structure without the ligand and calculates asimple
difference map. Y ou can aso use any other suitable program to calculate this map. The output file resolve_diff.mtz (with FP PHIM
FOMM) can then be used for ligand fitting with resolve ligand fit.com (for fitting one type of ligand), resolve ligand id.com (for testing

alist of ligands), or asimple script like:

hklin resol ve_map. ntz ' File with map
| abi n FP=FP PH B=PH M FOVEFOW
ligand _file ligand_in_1 or_ 10 _confornations. pdb
nodel protei n_nodel . pdb
If the ligand-fitting routine does not fit your ligand well, there are some options to get it to try harder:
. You cantell resolve to screen more potential locations of fragments in the FFT convolution search (default=300) with:
n_| i gand_pos 400
. You cantell resolve to refine more potential locations of fragmentsin the FFT convolution search (default=100) with:

n_l i gand_pos_ref 200

. You cantell resolve to search more finely for potential locations of fragmentsin the FFT convolution search (default=40 degrees)
with:
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delta_phi _ligand 20
. You cantell resolve to keep track of more placements (default=100) of partially-built ligands with:
n_keep_plac 200

. Resolvewill awaystake all the refined placements of fragments as a group and try to build from them, keeping the top
n_keep plac al thetime. Resolve also triesone at atimeif n_indiv_tries_ min > 0. You can tell resolveto try to build starting with
more individual placements (defaults min:0, max:5) of each sub-fragment with:

n_indiv_tries_mn 20
n_indiv_tries_max 20

. You cantell resolve to try more sub-fragments as possible starting points for ligand building with:
n_group_search 10

. You can center the search at adesired position (A) with:

search _center 3 25 6
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I ntroduction to RESOLVE

. Why another density modification approach?

. Problemswith the phase recombination approach to density modification.
. The statistical approach to density modification

. Using all the available information for density modification

. Carrying out density modification with RESOLVE

. Removing model biaswith prime-and-switch phasing

. NCSaveragingin RESOLVE

. Local pattern matching in RESOLVE

. Fragment identification in RESOLVE

. Automated model-building and iterative model-building in RESOLVE
. Automated fitting of flexible ligandsto an electron-density map

. Merging NCS-related copies of a model in RESOLVE

Why another density modification approach?

Although density modification (solvent flattening, non-crystallographic symmetry, phase extension, histogram matching, etc.) has
been a very powerful tool, its potential is much greater than has been achieved so far. There are two reasons for this:

. Thestatistical basis of density modification has not been well developed
. Therange of potentia information included in density modification has not been fully utilized.

Problems with the phase recombination approach to density modification.

RESOLVE uses a statistical approach to density modification, while other methods use an approach in which amap is modified to
meet expectations and the new phases are recombined with experimental phases. For the mathematical details, seethe references

for RESOLVE . You might also wish to see the discussion and extensions in Kevin Cowtan's article "Gaussian Likelihoods in real

and reciprocal space” in the CCP4 newsletter.

Principal problems with the phase recombination method

What is the optimal relative weighting of modified and Incorrect relative weighting means that the final results will
experimental phases? not be optimal

Incorrect weighting terms mean that the final figures of merit
are amost always inflated

When do you stop iterating? In some approaches the maps initialy get better, then get
worse unless you stop

file:/1/C)/Documents%20and%620Settings/terwill/Desktop/html_081005/html/htmi_resolve/resolve_introduction.htm (1 of 8)8/10/2005 3:47:06 PM


http://www.dl.ac.uk/CCP/CCP4/newsletter38/07_gaussian.html
http://www.dl.ac.uk/CCP/CCP4/newsletter38/07_gaussian.html

resolve_introduction

A dtatistical approach to density modification

Density modification can be thought of as away to adjust crystallographic phases (or amplitudes) to make them simultaneously
consistent with the experimental data and with our expectations of what an electron density map should look like. The statistical
approach is amathematical way to formulate this statement. By using this formulation, the weighting factors and problems with
convergence are taken care of automatically.

In RESOLVE, any set of structure factor amplitudes and phases has an associated probability composed of two simple parts:

Probability of a set of phases (and amplitudes)

The probability of the experimental phases Thisisthe probability that you would have observed your
experimental dataif this set of phases (and amplitudes) were
correct

The Iprobability of the map Thisisthe probability that the electron density map

calculated from this set of phasesis drawn from the set of
plausible electron density maps for this structure

RESOLVE adjusts your crystallographic phases so as to maximize the total (posterier) probability of those phases. The
mathematicsis alittle complicated but the ideais very smple. To see the mathematics in detail, havealook at T. C. Terwilliger
(2000) "Maximum likelihood density modification,” Acta Cryst. D56, 965-972.

Note on terminology: The approach used by resolve is now called "Statistical density modification," a name suggested by Kevin
Cowtan. It used to be called "Maximum-likelihood density modification”, using the term "likelihood" in a colloquia sense of
probability. The old name (as pointed out by Gerard Bricogne and others) is confusing because the maximum-likelihood method is
a specific technique that uses a specific definition of "likelihood" that is not used in this approach. Sorry to al for the confusion,
and hoping that it will now be more clear. The mathematics remains exactly the same.

Using all the available information for density modification
Density modification is usualy thought of as a process that is carried out on an experimental electron density map prior to model
building, but iterative model-building methods such as ARP/WARP can aso be thought of as density modification techniques.
With the statistical approach, partial model information can be seamlessly incorporated into the total expression for the probability
of the phases. This allows a hierachical approach to incorporating information about phase probability:

Types of information that can be used in statistical density modification

Experimental phases (if available)

Low-resolution structural information (solvent boundary)
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Non-crystallographic symmetry
Partial model information (molecular replacement or model building)

Full atomic model information

The current version of RESOLV E can incorporate all of these types of information.

Carrying out density modification with RESOLVE
RESOLVE carries out density modification on severa levels:
Each "mask cycle":

RESOL VE estimates the probability that each point in the map is within the protein or solvent region (a
probabilistic "mask")

RESOLVE refines NCS symmetry operators, if present

RESOLVE then carries out one or more minor cycles:

Fitting of the histogram of density in the protein and solvent regions to model histograms (yielding
beta = quality of thisfit, and sigma= the overall error in the map)

Estimation of target density (a probility function)at each point based on these histograms for solvent
and protein regions

Estimation of target density and uncertaingy at each point from NCS or a model map, if present
Calculations of derivatives of map probability with respect to phases

Estimation of phase probability from experimental phase probabilities and the map probability
function

RESOLVE carries out mask cycles (up to 5) until no further changes occur in the phases.

If NCSis present, then RESOLVE carries out an initial mask cycle, not including any NCS, to estimate uncertainties in density
estimated from NCS copies. Then RESOLVE carries out another initial mask cycle, using NCS but not solvent flattening, to
estimate "sigma’, the overall error in the map.

If "use_input_solv" isnot set and "hklstart” is not specified, then RESOLVE uses the R factor to estimate the solvent content of
the crystal. Solvent contents from 0.1 to 0.9 are tested, and the value leading to the minimum R is chosen. This optimal solvent
content iswritten to the file "resolve.solvent.” Note: if "use_input_solv" is specified, then RESOLV E assumes that the solvent
content is already known and reads it from "solvent_content” if specified, or else from "resolve.solvent" if present, or else the
default (0.40) is used.

RESOLVE aso uses the R-factor to identify which histogram of solvent densities and protein densities to use in density
modification. Thefile "rho.list" in $SOLVEDIR/segments/ contains several histogram profiles, all based on model electron
density maps. These are at resolutionsfrom 1.2 A to 4 A. RESOLVE carries out atest of each histogram initially and chooses the
one leading to the lowest R factor. The histogram can be set using "database”. The optimal database entry is written to "resolve.
database".

Resolve estimates the optimal smoothing radius using asimple formula. For cycles where no density modification has occurred
yet (first cycle normally, unless "phases_from_resolve" has been set), R is set with the equation: R=2.41 (dmin)**0.9 (fom)**-
0.26. For all other cycles (after density modification has begun), the smoothing radiusis 4 A. These can also be set with
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"wang_radius’, "wang_radius _cycle", "wang_radius_start”, or "wang_radius _finish".
If "n_restore" is set by the user to be non-zero (default = 0), then after the phases have converged, the whole process is repeated

again, starting with the original phases, but using the current probabilistic solvent mask. This allows an optimized mask to be used
in the "first" cycle of density modification.

Removing model bias with prime-and-switch phasing

Electron density maps obtained using phases calculated from atomic models often show peaks at the coordinates of atomsin the
models, even when those atoms are incorrectly placed. This effect can be reduced by careful weighting such as can be
accomplished by Randy Read's SIGMAA approach, but it cannot be eliminated unless the phases are changed.

Prime-and-switch phasing is a way to remove model bias by using statistical density modification, but without including the
phase information coming from the model once an initial map has been calculated.

The basic procedure is simple:

. Usethe best existing amplitudes, phases, and weights to calculate a map

. ldentify the probability that each point in the map is in solvent/macromol ecule/NC-symmetry regions, etc
. ldentify the expected distribution of electron density for pointsin each class (sol vent/macromol ecul e etc)
. Calculate the log-probability of this map

. ldentify how the log-probability of the map would change if the phases were changed

. Adjust the phases to maximize the log-probability of the map

Theinitial biased phase information from the model is required to get the procedure going. The final phases are essentially
unbiased by the model because they are based on the features of the map, not on the prior phase probabilities.

The final phases are generally improved the most when:

. The starting phases are accurate (even if they are biased!)

. Thereissubstantial solvent (25% is enough, the more the better)

. Thedata are accurate and high resolution (3 A isfine, the higher resolution the better provided there is accurate starting
phase information at the high resolution limit)

There are some ways that prime-and-switch phasing can have residua bias:

. If thereislow solvent content and not enough cycles are carried out (prime-and-switch phasing converges more slowly for
low solvent content)

. If the starting model is highly refined and not enough cycles are carried out (if the model is refined, then the phases have
already been adjusted to minimize the density in the solvent region, and prime-and-switch phasing converges more slowly)

There are some cases where prime-and-switch phasing does not yield a nice-looking map

. Usually these are cases where the model -based phases were very inaccurate (though they might have made a nice-looking
biased map)

. The estimated corrected figure of merit output by RESOLVE will generally be very low in these cases, so you know that
there just was not enough phase information
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NCS averaging in RESOLVE

Non-crystallographic symmetry is an important source of information about the probabiltiy of an electron density map.

RESOLVE can begin with transformation matrices and an estimate of the center-of-mass of molecule 1 that you input. RESOLVE
can also figure out the transformations and center-of-mass automatically from the NCS in heavy-atom sitesin a PDB file (if the
default file "ha.pdb" exists and you don't specify NCS transformations, RESOLVE will try to find the NCS in those sites).

RESOLVE uses NCS information in the following way (see Terwilliger, T. C. 2002 " Statistical density modification with non-
crystallographic symmetry". Acta Cryst. D58, 2082-2086 and Terwilliger, T. C. (2002). "Rapid Automatic NCS identification
Using Heavy-Atom Substructures' Acta Cryst. D58, 2213-2215.)

. Usethe best existing amplitudes, phases, and weights to calculate a map

. ldentify the region near the center-of-mass of molecule 1 for which the NCS transformations (on average) result in
significant correlation

. Define the asymmetric unit of NCS such that all pointsin it are close together and within the region of significant
correlation, and such that no point in it is equivalent to any other point either by crystallographic or non-crystallographic
symmetry.

. Estimate the overall correlation anong NCS-related molecules as afunction of position in the NCS asymmetric unit (so
that the edges might be allowed to vary more than the centers, for example)

. Map al N copies of the NCS asymmetric unit on to identical grids

. Generate target density for each molecule using al the other N-1 copies only

. Map all the target densities back onto the original asymmetric unit of the crystal and use agreement between target density
and the map as part of the probability of the map

Local pattern matchingin RESOLVE
RESOLVE can use the local patterns of density in your electron density map in statistical density modification to improve
crystallographic phases. The basic ideaisthat on alocal level (within a sphere of radius 2 A) there are patterns of electron density
that are associated with high density at the center of the pattern, and other patterns associated with low density at the center.
RESOLV E goes through your electron density map, and at each point it compares the nearby density with a set of 20 templates (it
does not use the density at the point of interest or right around it in this analysis). RESOLVE_PATTERN uses this analysisto
come up with anew estimate of the density at each point in the map. This new estimate of density (the "image") has the
remarkable property that errorsin the image are almost uncorrelated with errors in the map used to create it. This means that phase
information from the "image" can be combined with phase information from other sourcesin asimple way. Y ou can see the
details of all thisin Terwilliger, T. C. (2003) Statistical density modification using local pattern matching. Acta Cryst. D59, 1688-

1701.

The resolve build script below uses image-based phasing. Image-based phasing is the use of an electron density map that
typically comes from either an atomic model or from pattern-matching or from NCS, along with observed values of FP, to
estimate phases. The process results in phases and figures of merit similar to those obtained with Randy Read's SIGMAA, but the
values come directly from map-probability phasing. The electron density map provided is used as atarget for statistical density
modification: crystallographic phases are found that, when combined with observed amplitudes, give amap that is as close as
possible to the target map. The figures of merit reflect how precisely each phase can be determined using this approach. The
phases from image-based phasing are not the same as those from an FC cal culation and they are not always unimodal like FC,
SIGMAA or Sim-weighted phases.

Fragment identification in RESOLVE

RESOLVE can carry out an FFT-based search for fragments of structure (currently helices, strands), refine the locations of these
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fragments, and use them in density modification even if a complete model cannot be built. The approach to finding fragments
("Maximum-likelihood density modification with pattern recognition of structural motifs', Terwilliger, T. Acta Cryst D. 57, 1755-
1762; 2001) isvery similar to Kevin Cowtan's FFT-based search (Cowtan, K., Acta Cryst D54, 750-756, 1998). A template
consisting of averaged helical density (or strand density) is rotated over arange of orientations designed to cover most possibilities
within about 20 degrees and an FFT convolution is carried out for each orientation to find locations where the template and map
match. The best matches are identified and the orientiations and positions are refined. Then a pseudo-map is constructed
consisting of the original templates, oriented based on the refined positions found in the search, and weighted by the local
correlation coefficient. This pseudo-map is used as a source of phase information through map-probability phasing (Map-
likelihood phasing”, Terwilliger, T., Acta Cryst., D57, 1763-1775). This approach is similar to the one described in the original
publication (*Maximum-likelihood density modification with pattern recognition of structural motifs’, Terwilliger, T. Acta Cryst
D. 57, 1755-1762; 2001) but works much better than the original method.

Fragment identification is normally carried out right after model-building because the same FFT search can be used for both. The
resolve build script includesit.

Automated model-building and iterative model-building in RESOLVE

After the completion of density modification, RESOLVE builds amodel of your structure. For versions 2.02 and higher, the
model needs sequence information from you. Y ou specify afile with the keyword "seq_file" and RESOLV E expects a sequence of
amino acidsin 1-letter format. If there are more than one type of chain, RESOLVE expects them separated by aline containing
">>>", . Typically RESOLVE can build 70-90% of the residues for agood map at 2-3 A resolution. You can tell if the model is
correct by noting how good the match is to the sequence and by noting the NCS correspondence among chains (if NCS exists).
The PDB file that RESOLV E writes out will have the model and also asHETATM records at the end with the heavy atom sites
from SOLVE output file ha.pdb.

Y ou can read all the details about RESOL V E automated model-building in Terwilliger, T. C. (2002). Automated main-chain
model-building by template-matching and iterative fragment extension. Acta Cryst. D59, 34-44 and Terwilliger, T. C. (2002).
Automated side-chain model-building and sequence assignment by template-matching. Acta Cryst. D59, 45-49.

RESOLVE now has superquick model building! The standard RESOLV E model-building for version 2.05 and higher is about 3
times faster than earlier versions. This is made possible by a more selective choice of which fragments to consider extending (no
need to work on afragment that covers aregion that is already built). Versions 2.05 and higher also have the option of
"superquick_build" which is about 10 times faster than previous versions of RESOLV E model-building. For a very good map (one
where RESOLVE can build >80% of the model) superquick_build typically gives aimost the same model as the standard build.
For a moderate-quality map, the standard build or even the "thorough_build" may give up to 10% more model built.

RESOLVE versions 2.05 and higher include cycles of model-building in which the thresholds for fit of the model to the map are
sequentially lowered. This allows much more of the model to be built, while keeping the accuracy of most of the model high. You
can use "aggressive build" to try and build as much as possible, or "conservative build" to build only the best parts.

RESOLVE versions 2.06 and higher include the capability of identifying fragments (helices; strands) in a map and including them
in density modification

RESOLVE builds amodel in the following way.

. Usethe best existing amplitudes, phases, and weights to calculate a map

. ldentify locations of helices and strands using an FFT-based correlation search with a standard set of helix/strand templates
. Using alibrary of actual helical/betatemplates, find the best match to density near each helix/strand

. Trim the templates down to match the density

. Extend the templates using atemplate library of short fragments
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. Assemble fragments into longer fragments

. Maitch side-chain density to library of side-chain densities, get probability of each possible sequence alignment, choose
those with very high probability

. Map all the fragments to one asymmetric unit so that they are as close together as possible

. Write out PDB file with the fragments as a main-chain model.

. Note: RESOLVE writes out "resolve.mtz" before it starts building the model, so if you don't want to wait, your phases are
aready ready for you.

RESOLVE (versions 2.06 and higher) can carry out pattern identification, fragment identification, density modification, and
iterative model-building and refinement in combination with refmac5 (versions 5.1.24 and higher only!)

. Inthefirst cycle, resolve carries out density modification and builds a model as usual. The model is refined and extended as
much as possible. Then the current electron density map is searched for local patterns and for fragments (helices/strands),
and maps are created based just on these features.

. On the next cycles, resolve uses the pattern and fragment maps, along with a map created from all models built so far, to
generate model density for the asymmetric unit. This density is used along with solvent flattening, NCS, and histogram
matching in the next cycle of density modification.

. Additionally, a prime-and-switch composite omit map is created in which all the above information is used except that in
each "omit" region of the map, the model-based information is left out; and the omit regions are then spliced together to
form a composite omit map. Thisomit map is used in identifying the "patterns’ for the next cycle so asto minimize biasin
this step.

. RESOLVE then builds a new model based on the combined phase information. It also uses fragments from the last model
as candidates for parts of the new model.

. Theprocessisiterated aslong as desired (typically 5-10 cycles are plenty). If the model is not as complete as desired after
about 10 cycles (i.e., R-factor > .40) then the model is used in model rebuilding with phase information. Thisisjust like
model rebuilding (below) except that experimental phase information is included throughout.

. You can use astandard script " resolve build.csh ™ to carry this out.

RESOLVE (versions 2.03 and higher) can also carry out iterative model-rebuilding. Thisislike model-building except that you
start with just amodel of some kind and measured amplitudes and resolve does everything from there. This works much more
slowly than model-building with experimental phases.

. Rebuilding can be carried out either with or without composite omit maps. Omit maps are recommended for rebuilding of a
model with possible model errors.

. Each cycle, RESOLVE starts with input model and create an electron density map (image). Then resolve uses thismap as a
target in statistical density modification along with the measured FP to estimate phases. Then these phases are used as the
starting phases (but not probabilities) in a cycle of density modification including (1) any experimental phase probabilities,
(2) solvent flattening, histogram matching, NCS, and (3) model density based on a composite of the last 20 models.

RESOLVE then builds a model, the model is refined with refmacs, and the model is then extended and rebuilt. On each
cycle that is not an omit cycle, RESOLVE uses fragments from the previous model along with fragments identified from
the map itself as possibilities for constructing the new model.

. Thisprocessisrepeated (typically 100 cycles)

. You can use astandard script " resolve build.csh " to carry this out (it is the same script as for autobuilding). It can take a
long time for rebuilding!

RESOLVE_BUILD (versions 2.06 and higher) can automatically evaluate a model, given a set of amplitudes FP (and phases
PHIB and FOM if available). First RESOLVE will rebuild the model (to reduce any bias due to refinement). Then RESOLVE
will calculate a prime-and-switch composite omit map (as used in rebuilding) based on the rebuilt model and any phase
information you give it. Then RESOLV E will compare the original model to this map and summarize thefit for you.

RESOLVE (versions 2.08 and higher) can carry out fitting of FLEXIBLE LIGANDS to an electron density map. The only inputs
needed are an electron density map (or difference map), and either just one (recommended) or else 5-10 copies (ok also) of the
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ligand in random but stereochemically ideal conformationsin a PDB format file. The routine will figure out the allowed bond
rotations from the copies of the ligand, and then will fit the ligand into the density starting with the biggest rigid part of the ligand.
Parts of the ligand that do not fit are built as reasonably as possible, but may be built out of density or may be left off.

Y ou can use the sample script resolve ligand_fit.com script which allows you to find one or more than one copy of aligand in a
map.

Y ou can even take alist of PDB files containing different ligands, fit each one to your map, and score them to identify which
ligand may be bound, using the sample script resolve ligand id.com.

See the additional descriptionsin resolve sample scripts too.

Also see the list of resolve keywords for additional options.

Thanksto Herb Klei for emphasizing the need for ligand fitting and for suggesting the idea of first finding the biggest fixed part of
the ligand and then building the rest from this core!

RESOLVE (versions 2.08 and higher) will automatically merge NCS-related copies of your model during iterative model-building
and refinement. The merging is done in the "extend_only" mode of model-building. An mtz file with FP PHIB FOM, a model
(with >1 NCS copy) and a coordinate file with positions of atoms or pseudo-atoms (ha fil€e) used to deduce the NCS relationships
areread in. The coordinates of each NCS-related copy are placed at al NCS-related positions, merged (if possible) and then are
extended if possible into the density. If you do not want this to be done, use the flag no_merge _ncs_copies. Y ou can merge models
yourself with RESOLVE too: use the extend_only flag for model-building and include your model with: pdb_in your-current-
model . Note that you need to supply an mtz file with a map to do this. Y ou can specify the keywords trim or no_trim to tell
RESOLVE to trim the resulting model back to the density or not.
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#/bin/csh

#

#

# Resolve ligand-fitting script

# T. Terwilliger 05-Jan-2005

#

# Thisscript requiresresolve version 2.08 and ccp4 version 5.0.2
#

# Before running this script, please get map coefficients with

# resolve _completion.com script(output is resolve map.mtz optimized for ligand )
# or elseinput map coefficients of your own in hklin and labin

#

#

setenv SOLVEDIR /ust/local/lib/solve/

setenv SOLVETMPDIR .

setenv SYMOP $SOLVEDIR/symop.lib

setenv SYMINFO $SOLVEDIR/syminfo.lib

setenv CCP4_OPEN UNKNOWN

unlimit

#

echo "Resolve ligand-fitting script version 2.08.8 of 05-Jan-2005"

echo ""

# get N ligandsin N passes through map,

# excluding previous aswe go

#

set hklin = resolve diff.mtz

set labin = "FP=FP PHIB=PHIM FOM=FOMM"

set number_of ligands=1 # number of copies of ligand to find

set ligand_template = ligand_template.pdb # file with 1-10 copies of ligand

set model = PARTIAL_MODEL.pdb # mode without ligand or "*

set resolve = /ul/terwill/resolve/work/resolve.linux #whereisresolve

set dmin =NONE # NONE to use all data

set dmax = NONE # NONE to use al data

#

# some parameters you can set if you want to...

#

setn_indiv_tries min=10 # usually 0-10, but set up to 100 to try harder to find soln
set n_indiv_tries max =10 # usually 5-10, but set up to 100 to try harder to find soln
setn_group_search=3 #usually 3, but set up to 10 to try harder to find soln

set search dist=10 #usualy 10 A; always at least 5; smaller speeds up search

set no_local_search="" #usually ""; "no_local search" to force complete search
set delta phi_ligand =40 # usually 40 degree increments; set lower to search more
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#
if ($dmin == NONE || $dmax == NONE ) then
set resolution_line=""
else
set resolution_line = "resolution $dmin $dmax™
echo "Resolution limits: $dmin $dmax A"
endif
#
echo "Input mtz file with map: $hklin"
if (!-f$hklin) then
echo "Sorry, the file $hklin does not seem to exist?"
exit
endif
echo "Labin line for $hklin is $labin"
echo "Number of copies of ligand to find: $number_of ligands®
echo "Template PDB file containing 1 to 10 copies of ligand: $ligand_template”
if (!-f$ligand_template) then
echo "Sorry, the file $ligand_template does not seem to exist?"
exit
endif
if ($model '="") then
echo "The model $model will be used to mask out part of the map”
if (!-f$model) then
echo "Sorry, the file $model does not seem to exist?"
exit
endif
set model _use ="model ALL.PDB"
else
set model_use=""
endif
#
echo "L ocation of resolve: $resolve"
if (!-f $resolve) then
echo "Sorry, the program $resolve does not seem to exist?"
exit
endif

echo "Number of groups (fragments) to search for with FFT: $n_group_search"
echo "FFT search will be in increments of $delta phi_ligand degrees®

if ($no_local_search !'="") then

echo "Entire map will be searched"

endif

echo "Fitting will finish when number of triesis$n_indiv_tries max or when"
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echo "all atoms are found and the number of triesis at least $n_indiv_tries min"

# figure out if this machine uses grep -aor just grep for text files:
echo "A" > test_a.dat

settest grep = ‘grep -a"a’ test_a.dat >& tmp.dat®

if ($status) then
# there was an error...do not use grep -a

set grep_type = "grep”

else

set grep_type ="grep -a'

endif

set test grep = "$grep type "A" test_adat’

if ($Htest_grep!=1) then

echo "Sorry, unable to set the grep command on this system...giving up
exit

endif

rmtest_a.dat

if ($model '="")then
cp $model ALL.PDB
cat ALL.PDB|$grep type'CRY ST1' > resolve _ligand.pdb
cat ALL.PDB|$grep_type 'ORIGX[1-3]' >> resolve_ligand.pdb
cat ALL.PDB|$grep_type 'SCALE[1-3]' >> resolve ligand.pdb
# make sure the headers exist...
@ header_lines = "cat resolve_ligand.pdb |wc -I°
if ($header lines>=4) goto okl
echo "The input PDB file $model needs to have at least 4 lines of headers with "
echo "CRY ST1 SCALE1 SCALE2 SCALE3"
echo "Y ours seems to have instead $header _lines of headers'
cat resolve_ligand.pdb
exit
ok1:
else
if (-f ALL.PDB ) rm-f ALL.PDB
if (-f resolve_ligand.pdb ) rm -f resolve_ligand.pdb
endif
#
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setcycle=1
while ($cycle <= $number_of _ligands)
#
echo " Searching for copy $cycle of ligand..."
$resolve<<EOD
$resolution line
hklin $hklin
labin $labin
ha file NONE
no_build
delta phi_ligand $delta_phi_ligand
$no_local_search
search_dist $search dist
$model_use ! exclude region defined by model
ligand file $ligand_template
ligand_resno $cycle # label ligand with $cycle
n_indiv_tries min $n_indiv_tries min
n_indiv_tries max $n_indiv_tries max
n_group_search $n_group_search ! how many groups to search for
I some more parameters that can be set:
I search_center 325 6! center the search here
I'group_search 3 ! usethisgroupin FFT search
I fit_phi_range -180 180 ! range of torsion angles to check
'fit_phi_inc 20 !increment for torsion angle check
EOD
#
if (Jcycle==1) then
cp ligand_map.mtz ligand_map_all.mtz
cp ligand_map.map ligand_map_all.map

endif

#

cp ligand fit.pdb ligand_$cycle.pdb

#

# add new ligand to ALL.PDB and to resolve_ligand.pdb
#

if (-f ALL.PDB )then

cat ligand_fit.pdb |$grep_type ATOM >> ALL.PDB

else

cp ligand fit.pdb ALL.PDB

endif

if (-f resolve_ligand.pdb ) then

cat ligand_fit.pdb |$grep_type ATOM >> resolve_ligand.pdb
else
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cp ligand_fit.pdb resolve ligand.pdb
endif
#
@ cycle ++
end
#
cp ligand_map_all.mtz ligand_map.mtz
cp ligand_map_all.map ligand_map.map
#
echo "Evaluating fit of ligand to map...."
$resolve<<EOD>TEMP.DAT
hklin $hklin
labin $labin
$resolution_line
model resolve ligand.pdb
evaluate_model
EOD
$grep_type 'region of model' TEMP.DAT|$grep_type Map
rm -f TEMP.DAT
echo ""
#
echo "All done...your fitted $number_of ligands copies of ligand arein resolve ligand.pdb”
echo "and coefficients for a map showing just the ligand regions are in ligand_map.mtz"
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#/bin/csh

#

#

# Resolve ligand identification script

# T. Terwilliger 05-Jan-2005

#

# Thisscript requiresresolve version 2.08 and ccp4 version 5.0.2
#

# Before running this script, please get map coefficients with

# resolve _completion.com script(output is resolve map.mtz optimized for ligand )
# or elseinput map coefficients of your own in hklin and labin

#

#

setenv SOLVEDIR /ust/local/lib/solve/

setenv SOLVETMPDIR .

setenv SYMOP $SOLVEDIR/symop.lib

setenv SYMINFO $SOLVEDIR/syminfo.lib

setenv CCP4_OPEN UNKNOWN

unlimit

#

echo "Resolve ligand identification script version 2.08.5 of 05-Jan-2005"

echo ""

#

# Test many ligandsfor fit to map and identify the best

#

set hklin = resolve diff.mtz

set labin = "FP=FP PHIB=PHIM FOM=FOMM"

set ligand_list_file=../ligand list 1.dat #file containing list of ligand PDB files
set model = PARTIAL_MODEL .pdb

set resolve = /ul/terwill/resolve/work/resolve.linux # whereisresolve

set dmin = 2.6

set dmax = 200

#

# some parameters you can set if you want to...

#

setn_indiv_tries min=10 #usually 0to 10, but set up to 20 to try harder to find soln
set n_indiv_tries max =10 # usually 5-10, but set up to 20 to try harder to find soln
set n_group_search=3 #usually 3, but set up to 10 to try harder to find soln

set search dist=10 #usualy 10 A; always at least 5; smaller speeds up search

set no_local_search="" #usually ""; "no_local search" to force complete search
set delta phi_ligand =40 # usually 40 degree increments; set lower to search more
#
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echo "Resolution limits: $dmin $dmax A"
echo "Input mtz file with map: $hklin"
if (!-f$hklin) then
echo "Sorry, the file $hklin does not seem to exist?"
exit
endif
echo "Labin line for $hklin is $labin"
echo "File containing list of template PDB filesis $ligand list_file"
if (!-f$ligand list file) then
echo "Sorry, the file $ligand_list_file does not seem to exist?"
exit
endif
if ($model '="") then
echo "The model $model will be used to mask out part of the map”
if (!-f$model) then
echo "Sorry, the file $model does not seem to exist?"
exit
endif
set model_use = "model $model”
else
set model_use=""
endif
#
echo "L ocation of resolve: $resolve"
if (!-f $resolve) then
echo "Sorry, the program $resolve does not seem to exist?"
exit
endif

echo "Number of groups (fragments) to search for with FFT: $n_group_search"
echo "FFT search will be in increments of $delta phi_ligand degrees®

if ($no_local_search !'="") then

echo "Entire map will be searched"

endif

@ nl=3%n_indiv_tries max + 1

@ nn=3%n_indiv_tries min+ 1

echo "Fitting will finish when number of triesis $nl or when"

echo "al atoms are found and the number of triesis at least $nn"

# figure out if this machine uses grep -aor just grep for text files:
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echo"A" > test_a.dat

settest grep = ‘grep -a"a’ test_a.dat >& tmp.dat’
if ($status) then
# there was an error...do not use grep -a

set grep_type = "grep”

else

set grep_type = "grep -a'

endif

set test grep = "$grep type "A" test_adat’

if ($Htest_grep!=1) then

echo "Sorry, unable to set the grep command on this system...giving up”
exit

endif

rmtest_a.dat

if ($model '="")then
# make sure the headers exist...
@ header_lines = "cat $model |wc -I°
if ($header lines>=4) goto okl
echo "The input PDB file $model needs to have at least 4 lines of headers with "
echo "CRYST1 SCALE1 SCALE2 SCALE3"
echo "Y ours seems to have instead $header _lines of headers'
cat resolve_ligand.pdb
exit
ok1:
endif
#
# make sure dl theligand filesin $ligand list_file exist
set count =0
set keep going=1
set lines = "cat $ligand_list_file jwc -I°
echo "Number of filesin $ligand_list fileis $lines"
set count = $lines
while ($count > 0)
set file = "tail -${ count} $ligand_list_file |head -1 °
#echo "File: $file"
if (!-f$file) then
echo "Sorry the file $file from $ligand_list_file does not exist?"'
exit
endif
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@ count--
end
#
echo "Evauating al ligandsin $ligand_list_file now...and placing fitted"
echo "ligand xx in resolve _ligand xx.pdb"
echo "
echo" LIGAND ATOMSPLACED CC SCORE TEMPLATE FILE"
set count = $lines
set count_up=0
while ($count > 0)
@ count_up++
set file = "tail -${ count} $ligand_list_file |head -1 °
#echo "Evaluating ligand $file"
#
$resolve<<EOD > resolve fit_id $count_up.log
resolution $dmax $dmin
hklin $hklin
labin $labin
ha file NONE
no_build
delta phi_ligand $delta_phi_ligand
$no_local _search
search_dist $search dist
$model_use ! exclude region defined by model
ligand_file $file
ligand_resno 1 # label ligand with
n_indiv_tries min $n_indiv_tries min
n_indiv_tries max $n_indiv_tries max
n_group_search $n_group_search ! how many groups to search for
I some more parameters that can be set:
I search_center 325 6! center the search here
I'group_search 3 ! usethisgroupin FFT search
I fit_phi_range -180 180 ! range of torsion angles to check
'fit_phi_inc 20 !increment for torsion angle check
EOD
#
if (-fligand_fit.pdb )then
if($count_up =="1") then
cat ligand fit.pdb > all_ligands.pdb
else
cat ligand_fit.pdb|$grep_type ATOM >> all_ligands.pdb
endif
$resolve<<EOD>TEMP.DAT
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hklin $hklin

labin $labin

resolution $dmin $dmax

model ligand_fit.pdb

evaluate_model

EOD

else

echo"" > TEMP.DAT

echo"" > resolve.ligand_scores

endif
#

set correl_line = "$grep_type 'region of model' TEMP.DAT |$grep_type Map’
#if (-f TEMP.DAT ) rm -f TEMP.DAT

if ($#corrd _line>0) then

set correl = $correl _ling[$#correl _line-$#correl _line]

else

set correl =0

endif
#

set score_line = "cat resolve.ligand_scores |$grep_type MODIFIED
set placed_line = "cat resolve.ligand_scores |$grep_type "ATOMS PLACED™
set poss _line = “cat resolve.ligand_scores |$grep type TOTAL®

if ( $#score line>0) then

set score = $score_lineg[1-1]

else

set score=0

endif

if ($#placed line>0) then

set placed = $placed ling[1-1]:r

else

set placed =0

endif

if ($#poss line>0) then

set poss = $poss _ling[1-1]:r

else

set poss=0

endif

cp ligand_fit.pdb resolve ligand_${ count_up}.pdb

echo"” $count up ¥ placed}/${ poss} $correl $score  Ffile"
@ count --
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echo
echo "Re-evaluating all ligandsin $ligand_list_file now over common region
echo ™"

echo”" LIGAND CC TEMPLATEFILE"

set count = $lines

set count_up=0

head -10000 al_ligands.pdb > model_2.pdb  # limit to 10000 atoms
while ($count > 0)

@ count_up++

set file = "tail -${ count} $ligand_list_file |head -1 °

#echo "Evaluating ligand $file"

#

$resolve<<EOD>TEMP.DAT

hklin $hklin

labin $labin

resolution $dmin $dmax

model resolve ligand ${ count_up}.pdb

model_2 model 2.pdb ! evaluate in region of model_2
evaluate_model

EOD

#

set correl_line = "$grep_type 'region of model' TEMP.DAT |$grep_type Map’
#if (-f TEMP.DAT ) rm -f TEMP.DAT

if ($#corrd _line>0) then

set correl = $correl _ling[$#correl _line-$#correl _line]

else

set correl =0

endif

#

echo" $count up  S$correl $file"

@ count --

end

#

#

#
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#/bin/csh

set main_version = 2

set minor_version = 09

set edit_version =12

#

# NOTE: Thisscript requires resolve version 2.08 or higher
echo""

echo "RESOLVE build script version $main_version.$minor_version.$edit_version "
echo""

echo "Date: "date™

echo "Working directory: "pwd™

echo""

RESOL VE iterative model-building script
26-Jun-2005

Tom Terwilliger
Los Alamos National Laboratory

Input: FP and SIGFP, experimental phases.
Input model (optional)

Autobuilding: Iteratively improve phases using statistical density
modification including solvent flattening, histogram-matching,
NCS, local pattern recognition, local fragment identification,
and model-building and refinement. Optionally include cycles of
rebuilding (see below); accept if R decreases.

Rebuilding: Start with input model and cal culate phases using
density modification including the model information. Optionally
calculate and use prime-and-switch composite omit map.
Build new model into the map...iterate

Model evaluation: as rebuilding, but just evaluate the model using the
prime-and-switch composite omit map

Output: Optimized phasesin resolve best.mtz
Partially-refined model in resolve_best.pdb
Log filefor best cyclein resolve best.log
CCP4-style map file in resolve best.map

Major changes. Version 2.08 allows you to build
outside of aregion defined by a model.
Version 9 allows definition of amask with a PDB file

FHFHFFHFHFHFIFHRFFEFFHFHFHFIFHRFEFEFERFRFHFHFFHRFEEEE SRR

H*

EDIT THE NEXT FEW SETSOF LINESTO MATCH YOUR DATA AND SYSTEM
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#

# PLEASE NOTE: each of the" =" below must have a SPACE on either
#  sde(hklin = solvemtz NOT hklin=solve.mtz )

#

#

# Anything specia for your location (SOLVEDIR etc);

#

setenv SOLVEDIR /usr/local/lib/solve/

setenv TMPDIR . # large scratch files go here

#

# location of resolve and resolve libraries, place for large scratch files
#

set resolve = resolve

set resolve_pattern = resolve_pattern

#

# location of refmach

#

set refmac5 = refmac5 # NONE if you do not have refmach
#

# Input mtz file with at least FP and SIGFP and PHIB

#

set hklin = ../fobs.mtz

set labin = 'FP=FP SIGFP=SIGFP'

set labin_cont ="

#

# Optional input model to be rebuilt

#

set pdb_in= ../2gn5.pdb # NONE if no model to rebuild
#

# resolution, solvent_content, sequence, heavy-atom file
#

set dmin= 2.6 # high-reslimit

set dmax = 200 # low-reslimit

set solvent_content = 0.40 # solvent content (required)

set seq file=../seq.dat # amino acid sequence file (up to 80 char/line)

set ha file= NONE # eg., hapdb or NONE; used to get NCS

#

set refine_model = YES # say NO if resolution > 3 A usually

set compare file= ../coords.pdb# NONE if no comparison file

#

# Just build outside the region defined by input model? (Only useif input model has
# dde-chains. Not for a backbone model)

#

set mask_pdb _file= NONE # PDB file specifying mask for density modification
#

# criteriafor ending..

#

set n_cycle build_max =20 #try 20
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set n_cycle build min=3 #try 3

set unacceptable r = 0.4 #try 0.4 keep going if R > unacceptable r

set n_cycle rebuild max =50 # try 30 for build, 50 for rebuild

set n_cycle_rebuild_min =20 #try 20 (Rebuild skipped if R < unacceptable r)

set n_cycle rebuild omit = 10 # every n'th cycle do omit if
#omit_on_rebuild is YES (starting with nth cycle)

#

# misc optional parameters...

#

set use resolve fragments= AUTO # AUTO or YESor NO (AUTO usually)

set use_resolve pattern = AUTO# AUTO or YESor NO (AUTO usually)

#

set superquick_build=NO# usually NO. Use YESto get a quick answer

#

set clean_up=YES #YES usudly

set extra verbose=NO  # only for debugging

set omit_on_rebuild=NO #NO usualy

set quick_as possible=NO # NO usualy

set n_cycle image min=3 # 3 usually useimageinfo for at |east these cycles

set cycle start =1 # 1 usualy

set evaluate only = NO # NO usually; YES ok; NEVER skip

set use prob_mask = NO # NO usualy; yesfor version 2.0 probability mask

# Normally no need to edit below here...
#

set skip= NO

#

set main_version_minimum = 2

set minor_version_minimum = 08

set build_outside model = NO # Does not always work. refmachs failsif resolve writes aresidue
# with same residue number asaresiduein pdb_in

#

setenv SY MOP $SOLVEDIR/symop.lib

setenv SY MINFO $SOLVEDIR/syminfo.lib

setenv CCP4_OPEN UNKNOWN

unlimit

[imit coredumpsize O

#

if ($extra_verbose == YES) then

setip=1

else

setip=0

endif

S

# figure out if this machine uses grep -a or just grep for text files:

echo"A" > test_a.dat

settest grep = ‘grep -a"a’ test_a.dat >& tmp.dat’
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if ($status) then
# there was an error...do not use grep -a

set grep_type = "grep”

else

set grep_type = "grep -a"

endif

set test_grep = "$grep type"A" test_a.dat’

if ($Htest_grep!=1) then

echo "Sorry, unable to set the grep command on this system...giving up"
exit

endif

rm -f test_a.dat
S
# check for al thelibrary fileswe will need etc
#

if ($resolve==NONE || $resolve_pattern == NONE ) then
echo "Sorry, you need to define resolve and resolve pattern..."
exit

endif
foreach program ($resolve $resolve_pattern $refmacs)

if ($ip) echo "Checking for the program $program ..."

if (-f $program) then

if ($ip) echo"OK"

goto ok

endif

if ( $program == NONE ) then

if ($ip) echo "This program is not used"

goto ok

endif

which $program >& tmp.dat

set test = “head -1 tmp.dat’

if ($ttest!=1) goto bad

if (-f $test) then

if ($ip) echo"OK"

goto ok

endif

bad:

echo "Sorry, the program $program does not exist?"

echo "Please check its definition in this script..."

exit

endif

ok:

end

#

#

foreach lib_file ( symop.lib segments/rho.list \
segments/fragment_1 0.pdb segments/fragment_2 0.pdb \
segments/segment_001 1.pdb segments/segment_ 001 2.pdb \
segments/side_chains_best.dat segments/side_chains rho.dat \

file://IC|/Documents¥%20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/resolve_build.txt (4 of 43)8/10/2005 3:47:08 PM



file://IC|/Documents¥20and%20Settings/terwill/Desktop/html_081005/html/html_resolve/resolve _build.txt

segments/gap library.dat \

segments/template 30_mean_1.ezd segments/template 30_mask_1.ezd \
segments/template 30 _corr_1.ezd segments/template 30_mean 2.ezd \
segments/template 30_mask_2.ezd segments/template 30 corr_2.ezd \
hist.sol_91 hist.sol_92\

patterng/hist_cc_0.8.dat patterns/index_95.dat \

patterns/patterns.info patterns/box001.dat )
#
if ($ip) echo "Checking for library file $SOLVEDIR/$lib_file..."
if (!-f$SOLVEDIR/$lib_file) then

echo "Sorry, thelibrary file $lib_file does not exist?"

echo "Please check the definition of SOLVEDIR in your script: $SOLVEDIR"
exit
endif
end
= S U
#
if ($quick_as possible == YES) then

echo "Trying to do everything as quickly as possible..."

echo " Setting superquick _build, no refinement, no rebuild, no pattern ID,"
echo "no fragment 1D, minimum cycles"

set refine_model = NO

set superquick_build = YES

set use resolve pattern = NO

set use resolve fragments= NO
endif
if ($evaluate only == YES) then

echo "Just evaluating the model $pdb_in"

set n_cycle rebuild max =0

set n_cycle rebuild min=0
endif
if (($pdb_in!=NONE) && ( $evaluate only == YES) && (! -f $pdb_in) ) then
echo "Sorry cannot find the model $pdb_in ... required for evaluate_only"
exit
endif
if ($build_outside_model == NO || $pdb_in == NONE )then

# do nothing
else

echo "Building only around model $pdb_in (excluding region in existing model)"
endif
if (-f HEADER.pdb ) rm -f HEADER.pdb
if ($pdb_in!=NONE )then
$grep_type CRY ST1 $pdb_in >>HEADER.pdb
$grep_type ORIGX1 $pdb_in >>HEADER.pdb
$grep_type ORIGX2 $pdb_in >>HEADER.pdb
$grep_type ORIGX3 $pdb_in >>HEADER.pdb
$grep_type SCALEL $pdb_in >>HEADER.pdb
$grep_type SCALE2 $pdb_in >>HEADER.pdb
$grep_type SCALE3 $pdb_in >>HEADER.pdb
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# make sure the headers exist...
@ header_lines="cat HEADER.pdb |wc -I°
if ($header_lines>=4) goto ok1
echo "The input PDB file $pdb_in needsto have at least 4 lines of headers with "
echo "CRYST1 SCALE1 SCALE2 SCALE3"
echo "Y ours seems to have instead $header_lines of headers’
cat HEADER.pdb
exit
ok1:
echo "REMARK RESOLVE MODEL" >> HEADER.pdb
endif
#
if ($n_cycle build min< 1) then
echo "Sorry, please set n_cycle build minto at least 1"
exit
endif
if ($n_cycle build max < 1) then
echo "Sorry, please set n_cycle build max to at least 1"
exit
endif
if ($n_cycle rebuild_min<0) then
set n_cycle rebuild min=0
endif
if ($n_cycle rebuild max < 0) then
set n_cycle rebuild max =0
endif
#
#
set past_cycle = $n_cycle build_min
set n_cycle=3$n_cycle build_max
set n_cycle_rebuild = $n_cycle _rebuild_max
# (setn_cycleton_cycle rebuild max later)
#
set minimum_coverage =0
#
#
#
# check for resolve and resolve pattern
if (-f resolve.ok ) rm -f resolve.ok
if (-f resolve.version) rm -f resolve.version
$resolve <<EOD >& resolve.log_0
quit
EOD
if (!-f resolve.ok ) then
echo "Sorry please check the location of resolve..."
echo" isitredly $resolve?
exit
endif
# make sure this sort of worked...
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set test_ ok = “cat resolve.ok’
set test_ok_mem = $test_ok|[$Htest ok-$Htest ok]
if ($test_ ok_mem !="ALLOCATED" ) then
echo "Sorry, resolve was not able to run properly at al”
echo "The end of the resolve log file says..."
ECN0 -
tail -12 resolve.log 0
ECH0 - m e
exit
endif
if (!-f resolve.version) then
echo "Sorry, this script requires version $main_version_minimum.$minor_version_minimum or higher of resolve"
exit
endif
@ version = “cat resolve.version|head -1
set version_minimum = "$main_version_minimum$minor_version_minimum"
if ($version < $version_minimum )then
echo "Sorry, this script requires version $main_version_minimum.$minor_version_minimum or higher of resolve"
exit
else
if ($ip) echo "Running version $version of resolve"
endif
if (-f resolve_pattern.ok ) rm -f resolve_pattern.ok
$resolve pattern <<EOD >& /dev/null
end
EOD
if (!-f resolve pattern.ok ) then
echo "Sorry please check the location of resolve_pattern... "
echo" isitrealy $resolve pattern?’
exit
endif
#
# make sure we have thesefiles...
#
if (-f $hklin) then
echo "Data are in the mtz file $hklin"
else
echo "Sorry, cannot find the mtz file $hklin"
exit
endif
echo "LABIN information; $labin $labin_cont"
echo""
#
if ($seq file!'=NONE && -f $seq file ) then
echo " Sequence information from ${ seq_file}"
elseif ($seq file!'= NONE) then
echo "Sorry, cannot find the seq_file file $seq file"
exit
endif
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#
if (($ha file!'=NONE) && (-f $ha file )) then
echo "Atom information for NCS from $ha_file"
elseif ($ha file!'= NONE) then
echo "Sorry, cannot find the ha file file $ha file"
exit
endif
#
if (($pdb_in!'=NONE) && (! -f $pdb_in)) then
echo "Sorry, cannot find your pdb_in file $pdb_in"
exit
elseif (($cycle start==1) && ($pdb_in'=NONE ) ) then
set use resolve fragments= NO
set use resolve pattern = NO
endif
#
if ($superquick_build == YES) then
set superquick _build = "superquick _build"
else
set superquick_build=""
endif
#
@ grep_phib = “echo $labin $labin_cont | $grep_type 'PHIB="|wc -m’
@ grep_fp = “echo $labin $labin_cont | $grep_type 'FP="lwc -m’
#
if ($grep_fp==0) then
echo "Sorry, FP isawaysrequired in the labin line..."
exit
endif
if ($grep_phib==0&& $pdb_in == NONE ) then
echo "Sorry if you have no pdb_in file you need phases (PHIB=...)"
exit
elseif ($pdb_in!= NONE) then
echo "Using phase probabilities from $hklin in rebuilding”
endif
if ($pdb_in==NONE ) then
set scale=1.0
elseif ($grep_phib!=0) then
set scale=1.0
else
set scale=0.2
endif
#
echo""
echo "solvent content ${ solvent_content}"
echo "resolution ${ dmin} ${dmax}"
if ($refine_model == NO) then
echo "Model will not be refined”
else
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echo "Model will be refined"
endif
echo""
if ($compare_file!= NONE ) then
echo "Coordinates for comparison from $compare file"
endif
if ($compare file!=NONE && ! ( -f $compare file) ) then
echo "Sorry, cannot find the comparison PDB file $compare file"
exit
endif
#
set blank =" "
#
if ($pdb_in!=NONE ) then
set combine_resolve_fragments = $bhlank
echo "Not using fragment ID"
elseif ($use resolve fragments== YES) then
set combine _resolve fragments = "combine_map fragments.map"
echo "Using fragment ID"
elseif ($use resolve fragments== AUTO) then
set combine_resolve_fragments = "combine_map fragments.map"
echo "Testing using fragment 1D"
else
set combine _resolve fragments = $blank
echo "Not using fragment ID"
endif
if ($pdb_in!=NONE ) then
set combine resolve pattern = $blank
echo "Not using resolve pattern”
elseif ($use resolve pattern == YES) then
set combine _resolve pattern = "combine_map pattern.map"
echo "Using resolve_pattern”
elseif ($use resolve pattern == AUTO) then
set combine_resolve pattern = "combine_map pattern.map"
echo "Testing using resolve_pattern”
else
set combine_resolve_pattern = $blank
echo "Not using resolve_pattern”
endif
# make n_unacceptable r have 5 digits exactly
set n_unacceptable r = $unacceptable r:e
if ($n_unacceptable r < 1) then
set n_unacceptable r = 10000
endif
while ( $n_unacceptable r < 10000 )
@ n_unacceptable_r = $n_unacceptable r * 10
end
if (($pdb_in!'=NONE) && ( $evauate only '= YES) ) then
echo "If R-factor < 0.$n_unacceptable _r then no rebuilding will be done"
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echo "If R-factor >= 0.$n_unacceptable _r then maximum cycles will be done"
endif
if ($mask_pdb_file!=NONE && ! -f $mask_pdb _file)then
echo "Sorry, could not find the mask pdb file $mask_pdb_file"
exit
elseif ($mask_pdb_file != NONE )then
set mask_line = "model $mask_pdb_file"
set use_mask_line="use_model_mask"
echo "Using $mask_pdb file to define mask for density modification”
elseif ($use prob_mask == YES )then
set mask_line=""
set use_mask_line="use_prob"
echo "Using probability-based mask (version 2.0)"
else
set mask_line=""
set use mask_line=""
endif

SETUP:

HHHHHH

# hklin_image will be our combined phase information

#

set hklin_image = start_image.mtz

set labin_image = 'FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM'
set labin_image_cont = 'FreeR_flag=FreeR_flag'

#

# hklin_exp isthe file we will use to evaluate phase quality.

set hklin_exp = exp.mtz

set labin_exp = 'FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM'
set labin_exp_cont = 'FreeR_flag=FreeR flag'

#

set build_score best _overall =-1000

set build_score best_overall cycle=-1000

set r_best_overall = 99999

#
#
set cycle = $cycle_start
set cycle prev = $cycle
@ cycle prev --

#
if ($cycle start == 1) then

goto cycle one

endif

echo "Starting at cycle $cycle start"
#

cycle one:
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#

set jump = NO

if ($jump==YES) then

set best_cc value = 0000

setread mask =""

echo "JUMPING TO MIDDLE OF FILE AT CYCLE $cycle start"
endif

if ($jump == YES) goto jump_point

#

#

while ( $cycle <= $n cycle)

#

set cycle _prev = $cycle

@ cycle prev --

#

if ($ip)echo""

if ($ip) echo "Cycle $cycle --------mmmmmmmmmmm oo "

#

#

if (-f resolve.log_$cycle) then
if ($ip) echo "removing previously-existing log file resolve.log_$cycle"
rm -f resolve.log_S$cycle

endif

set build_score best = -1000

set placed best =0

set built_best =0

if (-f work_model.pdb ) then
rm -f work_model.pdb

endif

#

if ($cycle>1) then

goto cycle point

endif

#

#

#

# First cycle:

#

# remove all the files from previous runs..

if (-f pattern.map ) then

if ($ip) echo "removing existing pattern.map”
rm -f pattern.map

endif

if (-f fragments.map ) then

if ($ip) echo "removing existing fragments.map”
rm -f fragments.map

endif

if (-f combine.map ) then

if ($ip) echo "removing existing combine.map"
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rm -f combine.map

endif

if (-f current_model.pdb ) then
if ($ip) echo "Removing current_model.pdb"
rm -f current_model.pdb

endif

if (-f resolve peaks.dat ) then
if ($ip) echo "removing resolve peaks.dat”
rm -f resolve_peaks.dat

endif

if (-f resolve_peaks.use) then
if ($ip) echo "removing resolve peaks.use"
rm -f resolve peaks.use

endif

if (-f fragments.dat ) then
if ($ip) echo "removing fragments.dat”
rm -f fragments.dat

endif

foreach best_file (resolve_best.pdb resolve best.log resolve best.mtz \

refmac_best.log )

if (-f $best_file) rm -f $best_file

end

#

echo "Copying phase information from $hklin to $hklin_exp"
¥ resolve} <<EOD >>resolve.log_0
I Copying over $hklin to $hklin_exp
hklin $hklin
labin $labin
labin $labin_cont
hklout $hklin_exp
solvent_content $solvent_content
resolution $dmin $dmax
res start $dmin
mask_cycles 1
minor_cycles0
ha file NONE
no_build
EOD
#
# make sure this sort of worked...
if ("cat resolve.ok™ !="OK") then
echo "Sorry, resolve was not able to finish even the first cycle”
echo "The end of the resolve log file says..."
echo "------mm e
tail -10 resolve.log O

exit
endif
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#
# for model start we go right on to rebuilding...cycle 2
#
if ( $pdb_in!=NONE) then
echo""
echo "Going right on to rebuilding/model evaluation now..."
break
endif
#
# First cyclejust do std density modification...2x with
# 2 setsof parameters
#
set best_dm_type = "quick"
#
if ($quick_as possible == YES) then
set types = "quick”
else
set types = "quick”
endif
foreach build_type ( $types)
if ($build type=="quick" ) then
set build_1 ="mask_cycles 3"
set build_2 ="minor_cycles 1"
else
set build_1 = $blank
set build 2 = $bhlank
endif
echo "Testing $build_type density modification..."
#
if (-f resolve.built) rm -f resolve.built
$resolve <<EOD >>resolve.log_$cycle
I Resolve_build script
I' Cycle $cycle...testing $build_type density modification
resolution $dmin $dmax
hklin $hklin
labin $labin
labin $labin_cont
solvent_content $solvent_content
ha file $ha file
seq file $seq file
$superquick_build
compare_file $compare file
hklout dummy.mtz
$build_1
Sbuild 2
$mask_line
$use mask_line
EOD
#
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# make sure this sort of worked...
if (“cat resolve.ok™ '="OK") then
echo "Sorry, resolve was not able to finish even the first cycle"
echo "The end of the resolve log file says..."
echo "-------m e
tail -10 resolve.log_0

exit
endif
#
# scorethisbuild:
#
if (-f resolve.built) then
set built = “cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2|tail -1
set build_score = “cat resolve.built | head -4|tail -1’
echo "Score for $build_type : $build_score built: $built placed: $placed"
else
set build_score=0
set built=0
set placed=0
endif
#
if ($build_score > $build_score best ) then
set best_dm_type = $build_type
set build_score_best = $build_score
set built_best = $built
set placed_best = $placed
cp dummy.mtz resolve.mtz_$cycle
cp resolve.mtz_$cycle omit.mtz
cp resolve peaks.dat resolve peaks.use
cp resolve.pdb work _model.pdb
endif
#
end
echo "Best density modification obtained with $best_dm_type approach”
echo $best_dm_type > resolve.type
#
echo
echo "Starting building at cycle $cycle"
echo""

echo™ RESIDUES SIDE-CHAINS'

echo”" CYCLE BUILT PLACED SCORE R FreeR BEST"
#

goto finish

#

1]
IT

cycle point:
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#
# Figure out if we need to try alternate ncs:
if (-f resolve.ncs used) then
set ncs_used = “cat resolve.ncs_usedjhead -1
else
set ncs_used = NO
endif
if (($ncs used==NO) && (-f ncs test.pdb) ) then
set ha file = ncs_test.pdb
echo "Trying NCS from $ha_file based on last model built..."
endif
#
# for first few cycles always use image info if available...
if (($cycle<=3%n_cycle image min) && ( -f combine.map ) ) then
goto use_image
endif
#
# density-modify with model information only:
#
if (-f resolve.built) rm -f resolve.built
¥ resolve} <<EOD>>resolve.log_$cycle
I' map with model information only cycle $cycle
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
hklout resolve.mtz_$cycle
solvent_content $solvent_content
ha file $ha file
seq file$seq file
$superquick_build
compare_file $compare_file
composite_all
composite pdb refine.pdb
composite pdb first 1
composite pdb_last $cycle prev
pdb_in refine.pdb_$cycle prev
image
mask_cycles 1
nohl
$mask_line
$use mask_line
EOD
#
if (-f resolve.built) then
set built = “cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2Jtail -1
set build_score = “cat resolve.built | head -4ftail -1
if ($ip) echo "Build score with model but no image info: $build_score built: $built placed: $placed”
else
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set build _score=0
set built=0
set placed=0
echo "REMARK No model built" > resolve.pdb
echo "REMARK No model built"
endif
#
set best_method = "no_image"
set build_score_best = $build_score
set built_best = $built
set placed_best = $placed
cp resolve _peaks.dat resolve peaks.use
cp resolve.pdb work _model.pdb
#
# Include model information with image info and build a new model:
#
if (!-f combine.map ) then
goto skip_image
endif
#
use_image:
#
#
if ($ip) echo "Adding in information from combine.map to $hklin_image"
#
¥ resolve} <<EOD >>resolve.log_$cycle
I applying combine info cycle $cycle
resolution $dmin $dmax
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
solvent_content $solvent_content
pattern_phase
hklout $hklin_image
cc_map_file combine.map
ha file NONE
no_build
EOD
#
if (-f resolve.built) rm -f resolve.built
${ resolve} <<EOD>>resolve.log_$cycle
I Get map with model and image information cycle $cycle
hklin $hklin_image
labin $labin_image
labin $labin_image cont
hklout dummy.mtz
solvent_content $solvent_content
ha file $ha file
seq file $seq file
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$superquick_build
compare_file $compare file
composite_all
composite pdb refine.pdb
composite pdb first 1
composite_pdb_last $cycle prev
pdb_in refine.pdb_$cycle prev
image
mask_cycles 1
nohl
$mask_line
$use _mask_line
EOD
#
# scorethisbuild:
#
if (-f resolve.built) then
set built = "cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2|tail -1°
set build_score = “cat resolve.built | head -4|tail -1’
if ($ip) echo "Score for build using imageinfo : $build_score built: $built placed: $placed"
else
set build _score=0
set built=0
set placed=0
endif
if ($build score > $build_score best ) then
set best_method = "image"
set build_score_best = $build_score
set built_best = $built
set placed_best = $placed
cp resolve peaks.dat resolve peaks.use
cp resolve.pdb work _model.pdb
cp dummy.mtz resolve.mtz_S$cycle
if ($ip) echo "Including image information"
elseif ($use resolve fragments== AUTO) then
echo "No longer including image information”
set combine_resolve_pattern = $blank
set combine_resolve fragments = $blank
rm -f combine.map
goto skip_image
else
if ($ip) echo "Not using image information on this cycle"
endif
#
# Also get the omit map if we are using images...
#
if ($ip) echo "Getting composite ps omit map..."
if (-f omit.mtz) then
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rm -f omit.mtz

endif
$resolve <<EOD >>resolve.log_$cycle
I Cycle $cycle...composite prime-and-switch omit density modification
hklin $hklin_image

labin $labin_image

labin $labin_image cont

hklout omit.mtz

solvent_content $solvent_content
no_build

ha file $ha file

composite_all

composite pdb refine.pdb

composite pdb first 1

composite pdb last $cycle prev
add_mask

image

omit

mask_cycles 1

nohl

$mask_line

$use mask_line

EOD
#

skip_image:
#
finish:
#
# Start of refine-extend cycles
#
foreach extend _cycle (01 2)
#

if ($ip) echo "Extend cycle $extend cycle"
if( $extend cycle>0) then

if ($ip) echo "Extending model”
#

if (-f resolve.built) rm -f resolve.built
¥ resolve} <<EOD >> resolve.log_$cycle
hklin resolve.mtz_$cycle

labin FP=FP PHIB=PHIM FOM=FOMM
hklout dummy.mtz
solvent_content $solvent_content
resolution ${ dmin} ${ dmax}
extend_only

ha file $ha file
seq file$seq file

compare_file $compare file

pdb_in resolve.pdb

no_trim
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nohl
EOD
endif
if (($extend cycle>0) && (-f resolve.built) ) then
set built = "cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2Jtail -1°
set build_score = “cat resolve.built | head -4ftail -1
if ($ip) echo "Score for extension: $build_score built: $built placed: $placed”
elseif ( $extend cycle>0) then
set build_score=0
set built=0
set placed=0
endif
if (($extend cycle>0) && ($build score > $build_score best) ) then
set build_score_best = $build_score
set built_best = $built
set placed_best = $placed
cp resolve.pdb work_model.pdb
elseif ( $extend cycle>0) then
if ($ip) echo "Extension did not improve score...going on"
# break to end of extend cycles..
break
endif
#
#
# decideif werefine model thiscycle..
#
if (-f resolve.coverage) then
set coveragel = “cat resolve.coveragelhead -3ftail -1
set coverage=0
if ($Hcoveragel> 0) set coverage= $coveragel|$Hcoveragel-$Heoveragel]:e
else
set coverage=0
endif
if ($refine_model == NO) then
set refine it = NO
elseif ($build score best < 2) then
set refine it = NO
elseif ( $coverage < $minimum_coverage )then
set refine it = NO
elseif (! -f work_model.pdb ) then
set refine it = NO
echo "REMARK No model built" > work_model.pdb
echo "REMARK No model built extend cycle $extend cycle"

else

set refine it = YES

endif

if ($refine_it==YES) then
set ncyc = 20
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else

setncyc=0

endif

if (($refmacs!=NONE) && ($build_score best > 1)) then

if ($ip) echo "Refining model $ncyc cycles and placing it in refine.pdb_$cycle"
#

cat work_model.pdb | $grep_type -v HETATM > resolve.pdb

#

R refine with refine.--------------

#

# NOTE: refine against "best" map = resolve.mtz_$cycle
#

$refmach xyzin resolve.pdb hklin resolve.mtz_$cycle xyzout refine.pdb \
PROTOUT $CCP4_SCR/protout.dat \

PROTCOUNTS $CCP4_SCR/counts.dat \

PROTSCR $CCP4_SCR/counts.scr \

<<EOD > refmac.log_%¥{ cycle}

MAKE HYDRogens No

MAKE CHECK 0

LABI FP=FP SIGFP=SIGFP HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM FREE=FreeR flag
REFI TY PE RESTrained RESOlution ${ dmax} ${dmin}
# Maximum likelihood refinement

REFI RESI MLKF

# Overdl B value refinement

REFI BREF OVER ! Refine overal B-values

# Tight restraints Lowered further 051403

WEIG MATR 0.05

# Scaledown shiftsat every cycle by factor 0.5
DAMP0.50.5

# No Blur (scale down reliability of) phases

REFI PHASed BBLUrring 00.0 SCBLurring 1.

# Babinet's bulk solvent scale parameters. But fix B value
SCALe TYPE BULK

SCALe LSSCale FIXBulk BBULk 200.0

# Anisotropic scaling. It is default

SCALe LSSCale ANISotropic

# Fix Babinet's bulkd solvent for sigmaA

SCAL MLSC FIXBulk BBULk 200.0 SCBUIk -0.05
NCYC $ncyc

MONI MEDI

BINS 10

EOD

.

#

cp refine.pdb refine.pdb_$cycle

elseif ( $build_score best > 1 ) then

# no refmach...just copy over

cat work_model.pdb | $grep _type -v HETATM > resolve.pdb
cp resolve.pdb refine.pdb
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cp refine.pdb refine.pdb_$cycle

else

if ($ip) echo"No modé built this try"

echo "REMARK No model built cycle $cycle" > refine.pdb_$cycle
echo "REMARK No model built cycle $cycle"
endif

#

end of extend:

end

#

#

# Get R and freeR value on refine.pdb_S$cycle:

#

set freer_line= "$grep_type 'FREE R VALUE ' refine.pdb_$cycleltail -1
setr_line="$grep_type'R VALUE (WORKING SET) :' refine.pdb_$cycleltail -1°
if ($#freer_line>0) then

set freer = $freer_ling[$#freer_line-$#freer_ling):e
else

set freer = 99999

endif

if ($#r_line>0) then
setr=3%r_ling[$#r_line-$#r_lingl:e

else

set r = 99999

endif

if ($ncyc==0)then

set freer = $r

endif

#

if ($ip) echo" R/freeR for thismodel: 0.$r/0.$freer"
#

if ($cycle<10) then

seth1=""

else

sethl=""

endif

if ($built_best <100) then

seth2=""

else

seth2 =""

endif

if ($placed best >=100) then

seth3=""

elseif ($placed best >= 10 )then

seth3=""

else

seth3=""

endif

if ($build_score_best < 100 )then
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setb4=""
else
set b4 =""
endif
# Decide how to score. If R < unacceptable r or r_best overal < unacceptable r
# then use R. Otherwise use score
#
if (($r<3$n_unacceptable r) && ($r < $r_best overdl ) ) then
set this is best = YES
elseif (($r_best_overal >= $n_unacceptable r) && \
( $build_score best > $build score best overal ) ) then
set this is best = YES
else
set this is best = NO
endif
if ($this is best == YES) then

if ($ip) echo"Thisisthe best model overall so far. Previous best had score of $build_score best overal”

if ($ip) echo "Copied refine.pdb_$cycle to resolve_best.pdb"

if ($ip) echo "Copied resolve.log_$cycle resolve best.log”

if ($ip) echo "Copied resolve.mtz_$cycle to resolve_best.mtz"

@ build _score best_overall = $build score best

@ build_score best_overal_cycle = $cycle

@ r_best_overal = $r

cp refine.pdb_$cycle resolve best.pdb

cp resolve.log_$cycle resolve_best.log

cp resolve.mtz_$cycle resolve_best.mtz

if(-f refmac.log_$cycle) cp refmac.log_$cycle refmac_best.log

echo" ${bl}$cycle  ${b2}$built best ${ b3} $placed_best ${ b4} $build_score best
else

echo" ${bl}$cycle  H b2} $built best ${ b3} $placed_best $ b4} $build_score best
endif
#
#

1]
IT
T

#
#

set have_map = NO

if (("$combine_resolve fragments' !=$blank ) && ( -f resolve pesks.dat) ) then
if ($ip) echo "Carrying out fragment ID based on resolve.mtz_$cycle"

cp resolve peaks.use resolve peaks.dat

#

$resolve <<EOD >> resolve.log_$cycle

hklin resolve.mtz_$cycle

labin FP=FP PHIB=PHIM FOM=FOMM

solvent_content $solvent_content

nohl

build_image

noget peaks ! Don't need peaks because we just got them!
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mask_cycles0

minor_cycles0

superquick_build

ha file NONE

$mask_line

Suse mask_line

EOD

cp dump.map fragments.map

set have_ map = YES

endif

#

if ("$combine resolve pattern” != $blank ) then

if ($ip) echo "Carrying out pattern 1D based on omit.mtz"

$resolve pattern<<EOD >> resolve.log_$cycle

hklin omit.mtz

labin FP=FP PHIB=PHIM FOM=FOMM

recover_image

cc_map_file dump.map

EOD

cp dump.map pattern.map

set have map = YES

endif

#

# Decide which to combine..

#

if ($have_map == YES) then

if ($ip) echo"Combining all image information into combine.map”

#

$resolve<<EOD >> resolve.log_$cycle

hklin omit.mtz

labin FP=FP PHIB=PHIM FOM=FOMM
$combine_resolve pattern

$combine resolve fragments

ha file NONE

EOD

#

else

if ($ip) echo "No image information generated this cycle"
if (-f combine.map ) rm -f combine.map

endif

#

#

# Decideif we should keep going or quit...

# quitif

# r_best_overall < n_unacceptable r and

# it has been at |least past_cycle cycles since things got better
#

@ cutoff_cycle = $cycle - $past_cycle

if (($build_score best overall cycle <= $cutoff _cycle) && ( $r_best_overal < $n_unacceptable r) ) then
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echo "Best model was built on cycle $build_score best overal_cycle which was'
echo" morethan $past_cycle cyclesago..."

@ cycle ++

break

endif
#

end of cycle
#
# clean up...
#

if ($clean up==YES && -f resolve.log_$cycle) then
if (-f resolve.log_$cycle) rm -f resolve.log_$cycle

if (-f refmac.log$cycle) rm -f refmac.log_$cycle

if (-f resolve.mtz_$cycle) rm -f resolve.mtz_$cycle
endif

1]
IT
T

#
if ($ip) echo"END OF CY CLE $cycle"
@ cycle ++
end
#
if ($pdb_in!=NONE ) then
echo "Copying $pdb_in to resolve_group.pdb and resolve best.pdb for rebuilding/evaluation...
cp $pdb_in resolve_best.pdb
cp $pdb_in resolve_group.pdb
goto start_rebuild
endif
#
echo """ > resolve_group.pdb
@ cyc = $cycle- 5
if ($cyc<1l)setcyc=1
while ( $cyc < $cycle)
echo "Adding refine.pdb_$cyc to resolve_group.pdb*
cat refine.pdb_$cyc >>resolve_group.pdb
@ cyc ++
end
echo "Starting PDB group model for rebuild isin resolve_group.pdb”
#
if (-f resolve best.pdb ) then
echo "Best model was built on cycle $build_score best_overall_cycle"
echo "This model isnow in resolve best.pdb”
else
echo "No model was built...quitting"
exit
endif
#

if ( $quick_as possible==YES) then
goto wrap_up
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endif

if ( $r_best_overall < $n_unacceptable r) then
goto wrap_up

endif

if ($n_cycle rebuild_max == 0) then

goto wrap_up

endif

echo""

echo "Our best R-factor (0.$r_best_overal) is> cutoff of $unacceptable r"
echo "so we are going to try and rebuild the mode!..."
&ho nn

#
start_rebuild:
#

set past_cycle = $n_cycle rebuild_min

@ cycle_start = $cycle+ 1

@ n_cycle = $cycle start + $n_cycle rebuild - 1
#
#
#

set pdb_start = resolve_group.pdb # starting PDB file

#

if ($pdb_in==NONE) then

set scale=1.0

set extend = NO

set reuse_chain=NO

elseif ($grep_phib !=0) then

# we have phases, so use scale = 1.0...but we are rebuilding model, so

# use extend and reuse_chain to get maximum building

set scale=1.0

set extend = YES

set reuse chan=YES

else

# dlightly different rules for rebuilding from scratch from a model

# without any phase information:

set scale=0.2

set extend = YES

set reuse chan=YES

endif

#

setr_max = 0.%r_best_overall # maximum free R to write anything to resolve_best.pdb
#

if ($ip) echo "Output density-modified phases will beinimage_only_dm_image.mtz_[cycle]"
#

#

if ($evaluate only = YES && $extend == NO )then
echo "Model will not be extended each cycle’

set extend flag="0"
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elseif ($evaluate only = YES) then

echo "Model will be extended each cycle"

set extend flag="'012"

endif
#

if ($evaluate only = YES && $omit_on_rebuild == YES )then
echo "Omit prime-and-switch phasing will be used every $n_cycle rebuild omit cycle"
set omit = ‘omit’

else

echo " Standard image-based phasing will be used"
set omit=""

endif

if ($ip) echo "Scale on map weighting is $scale"
setn_r_max = $r_max:e

if ($cycle_start > 2) then

echo "Maximum R to save model: 0.$n r max "
endif

#

echo""

#

@ cycle=$cycle start - 1

@ cycle pdb_start = $cycle

#

echo "Copying ${ pdb_start} to refine.pdb_$cycle"
cp ${ pdb_start} refine.pdb_$cycle

#

1]
IT
T

@ cycle ++
if ($evaluate only '= YES) then
echo "Starting rebuilding at cycle $cycle of total of $n_cycle cycles'

IT
1T

#
echo""

echo " RESIDUES SIDE-CHAINS"

echo”" CYCLE BUILT PLACED SCORE R FreeR BEST"
endif

#

set n_omit_cycle=0

while ( $cycle <= $n_cycle)

@ n_omit_cycle ++

if ($n_cycle rebuild_omit ==0) then

# is_omit_cycleisNO for this one; defaults for omit_use and pdb_in

#

setis_ omit_cycle=NO

set omit_use = $omit

set pdb_in_current_model ='pdb_in current_model.pdb’

elseif ($n_omit_cycle== 1] $n_omit_cycle == $n_cycle rebuild_omit ) then
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set n_omit_cycle=1
setis omit_cycle=YES
if ($ip) echo "Using $omit model phasing on this cycle and building from scratch"

set omit_use = $omit
set pdb_in_current_ model ="'
else
set omit_use=""
set pdb_in_current_model ='pdb_in current_model.pdb’
setis_omit_cycle=NO
endif
#
set cycle _prev = $cycle
@ cycle prev --
#
if (-f resolve.log_$cycle) then
if ($ip) echo "removing previously-existing log file resolve.log_$cycle"
rm -f resolve.log_$cycle
endif
set build_score best = -1000
set built_best =0
set placed best =0
#
if (-f work_model.pdb ) then
if ($ip) echo "removing work_model.pdb"
rm -f work_model.pdb
endif
#
if ($build_outside_model == YES) then
# put al current modelsin all.pdb
if (-fal.pdb) rm-f al.pdb
set c_cycle = $cycle pdb_start
set c_end = $cycle prev
while ($c_cycle <= $c_end)
if (-frefine.pdb_${ c cycle} ) cat refine.pdb_$ ¢ _cycle} >> al.pdb
@ c_cycle++
end
set add_mask ='add_mask’
set model_all ='model all.pdb'
set build_outside = 'build_outside_model’
else
set add mask ="
set model_all ="
set build_outside ="
endif
#
# get image of pdb_start and all models up to now into image.mtz.
# Reflnsfrom hklin_exp
#
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if ($ip) echo "Getting map of ${ pdb_start} and all models built into binary file dump.map"
#
¥ resolve} <<EOD >> resolve.log_$cycle
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
resolution ${ dmin} ${ dmax}
composite pdb refine.pdb
composite_pdb_start $cycle pdb_start
composite_pdb_end $cycle prev
composite_all
dump_composite
EOD
#
if ($ip) echo "Getting image of ${ pdb_start} and built models using dump.map into image_only.mtz"
#
¥ resolve} <<EOD >> resolve.log_$cycle
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
resolution ${ dmin} ${ dmax}
no_build
pattern_phase
prior_weight 1.0
hklout image_only.mtz
read_cc_map
cc_map_file dump.map
nohl
EOD
# make sure this sort of worked...
if ("cat resolve.ok™ '="OK") then
echo "Sorry, resolve was not able to finish on the first cycle"
echo "The end of the resolve log file says..."
ECH0 - m e
tail -10 resolve.log_$cycle
ECH0 - "
exit
endif
#
if ($ip) echo "Density-modifying image of $pdb_start and prev models to get image_only_dm.mtz"
#
${ resolve} <<EOD >> resolve.log_$cycle
hklin image_only.mtz
labin FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM
hklout image_only_dm.mtz
solvent_content $solvent_content
prior_weight 1.0
database 5
resolution ${ dmin} ${ dmax}
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$add mask ! optionally add mask based on all.pdb (model_all)

$model_all
mask_cycles 1
no_build

nohl

EOD

#

if ($ip) echo "Carrying out $omit_use phasing using image_only_dm.mtz "
if ($ip) echo" and ${ pdb_start} and building model"
#

#

# either build using thismap, or build around starting model only!
#

if (-f resolve.built) rm -f resolve.built

if (-f built_model.pdb) rm -f built_model.pdb
if (-f resolve.pdb ) rm -f resolve.pdb

#

if ($build_outside_model == NO || $pdb_in == NONE )then
if ($ip) echo "Standard build"

#

¥ resolve} <<EOD >> resolve.log_${ cycle}
Istandard build

hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

hklstart image_only_dm.mtz

labstart FP=FP PHIB=PHIM FOM=FOMM
hklout image_only_dm_image.mtz_${ cycle}

solvent_content $solvent_content

database 5

resolution ${ dmin} ${ dmax}

composite pdb refine.pdb
composite_pdb_start $cycle pdb_start

composite_pdb_end $cycle prev

composite all

prior_weight 1.0

scale refl $scale

image

$omit_use

mask_cycles 0

$superquick_build

ha file $ha file

seq file $seq file

compare_file $compare_file

$pdb_in_current_model

nohl

$mask_line

$use mask_line

EOD
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if (-f resolve.pdb) cp resolve.pdb work _model.pdb
if (-f resolve.pdb) cp resolve.pdb built_model.pdb
cp HEADER.pdb work_model _start.pdb
#
else
#
if ($ip) echo "Building around model $pdb _inin 2 steps"
cp HEADER.pdb work_model.pdb
cp HEADER:.pdb built_model.pdb
cat $pdb _in [$grep_type ATOM >>work_model.pdb
cat $pdb_in [$grep_type HETATM >>work_model .pdb
cp work_model.pdb work_model_start.pdb
#
${ resolve} <<EOD >> resolve.log_${ cycle}
I building around model $pdb_in in 2 steps
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
hklstart image_only _dm.mtz
labstart FP=FP PHIB=PHIM FOM=FOMM
hklout image_only_dm_image.mtz_${ cycle}
solvent_content $solvent_content
database 5
resolution ${ dmin} ${ dmax}
composite pdb refine.pdb
composite_pdb_start $cycle pdb_start
composite_pdb_end $cycle prev
composite_all
prior_weight 1.0
scale refl $scale
image
$omit_use
mask_cyclesO
no_build
ha file $ha file
seq file $seq file
compare_file $compare_file
$pdb_in_current_model
$add mask ! add mask from model to rmsd mask
$model_all
$mask_line
$use mask_line
nohl
EOD
#
${ resolve} <<EOD >> resolve.log_${ cycle}
I Building outside input model $pdb_in only
hklin image_only_dm_image.mtz_${ cycle}
labin FP=FP PHIB=PHIM FOM=FOMM
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ha file NONE
add_mask
model work_model_start.pdb
database 5
solvent_content $solvent_content
resolution ${ dmin} ${ dmax}
nohl
build_only
build_outside_model
ha file $ha file
seq file $seq file
compare_file $compare file
$superquick_build
EOD
if (-f resolve.built) $grep type ATOM resolve.pdb >>work_model.pdb
if (-f resolve.built) $grep type ATOM resolve.pdb >>built_model.pdb
endif
#
if ($omit_use == omit )then
cp resolve_composite map.mtz build.mtz
if ($ip) echo "Copied resolve_composite_map.mtz to build.mtz"
else
cp image_only_dm_image.mtz_${ cycle} build.mtz
if ($ip) echo "Copied image_only_dm_image.mtz to build.mtz"
endif
cp image_only_dm_image.mtz_${ cycle} refine.mtz
if ($ip) echo "Copied image_only_dm_image.mtz to refine. mtz"
#
#
if ( -f resolve.built) then
set built = “cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2|tail -1
set build_score = “cat resolve.built | head -4|tail -1’
cp resolve.pdb built_model .pdb
else
set build _score=0
set built=0
set placed=0
echo "REMARK No model built" >work_model.pdb
if (-f built_model.pdb) rm -f built_model.pdb
echo "REMARK No model built"
endif
set build_score_best = $build_score
set built_best = $built
set placed_best = $placed
if ($ip) echo "Score: $build _score built: $built placed: $placed”
#

1]
IT
T

#
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# Start of refine-extend cycles

#

if ($build_outside model == YES && $pdb_in != NONE )then
set add_mask _use = ‘add mask’

set model_in = 'model work_model_start.pdb’

set build_outside model _use = 'build_outside_mode!'

else

set add mask use="

set model_in="

set build_outside model_use="
endif

foreach extend_cycle ( $extend flag)
#

if ($ip) echo "Extend cycle $extend cycle"
if(-f built_model.pdb & & $extend_cycle> 0) then
if ($ip) echo "Extending model"
#
if (-f resolve.built) rm -f resolve.built
${ resolve} <<EOD >> resolve.log_$cycle
hklin build.mtz
labin FP=FP PHIB=PHIM FOM=FOMM
hklout dummy.mtz
solvent_content $solvent_content
resolution ${ dmin} ${ dmax}
extend only
$add mask_use
$model_in ! building outside work_model_start only
$build_outside_model_use ! and map to the region of this model too
ha_file $ha file
seq file $seq file
compare_file $compare_file
pdb_in built_model.pdb ! extend what we just built (only)
no_trim
nohl
$mask_line
$use mask_line
EOD
endif
if (($extend cycle>0) && (-f resolve.built) ) then
set built = “cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2Jtail -1
set build _score = “cat resolve.built | head -4ltail -1°
if ($ip) echo "Score for extension: $build_score built: $built placed: $placed"
elseif ( $extend cycle>0) then
set build_score=0
set built=0
set placed=0
endif
if (($extend cycle>0) && ($build score > $build_score best ) ) then
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set build_score_best = $build_score

set built_best = $built

set placed_best = $placed

cp resolve.pdb built_model.pdb

cp work_model_start.pdb work_model.pdb

$grep_type ATOM built_model.pdb >>work_model.pdb

if ($ip) echo "Adding extended model to starting work model"
elseif ( $extend cycle>0) then

if ($ip) echo "Extension did not improve score...going on"

# break to end of the extend cycles...

break

endif

#

#

# decideif werefine model thiscycle..

#

if (-f resolve.coverage) then

set coveragel = “cat resolve.coveragelhead -3ftail -1

set coverage=0

if ($Hcoveragel> 0) set coverage= $coveragel|$Hcoveragel-$Heoveragel]:e
else

set coverage=0

endif

if ($refine_model == NO) then

set refine it = NO

elseif ($build score best <2) then

set refine it = NO

elseif (( $coverage < $minimum_coverage ) && ($build_outside_ model == NO) )then
set refine it = NO

elseif (! -f work_model.pdb ) then

echo "REMARK No model built" > work_model.pdb

echo "REMARK No model built extend cycle $extend_cycle"
set refine_ it = NO

else

set refine it = YES

endif

if ($refine_it==YES) then

set ncyc = 20

else

set ncyc=0

endif

if (($refmacs!=NONE) && ($build_score best>1) ) then
if ($ip) echo "Refining model $ncyc cycles and placing it in refine.pdb_$cycle"
#

cat work_model.pdb | $grep_type -v HETATM > resolve.pdb

# NOTE: refine against "best" map = refine.mtz
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#

cp resolve.pdb refine.pdb #in case it doesn't work...
#

$refmach xyzin resolve.pdb hklin refine.mtz xyzout refine.pdb \
PROTOUT $CCP4_SCR/protout.dat \

PROTCOUNTS $CCP4_SCR/counts.dat \

PROTSCR $CCP4_SCR/counts.scr \

<<EOD > refmac.log_%¥{ cycle}

MAKE HY DRogens No

MAKE CHECK 0

LABI FP=FP SIGFP=SIGFP HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM FREE=FreeR flag
REFI TYPE RESTrained RESOlution ${ dmax} ${dmin}
# Maximum likelihood refinement

REFI RESI MLKF
# Overdl B value refinement

REFI BREF OVER ! Refine overal B-values
# Tight restraints Lowered further 051403
WEIG MATR 0.05
# Scaledown shiftsat every cycle by factor 0.5
DAMPO0.505
# No Blur (scale down reliability of) phases

REFI PHASed BBLUrring 00.0 SCBLurring 1.
# Babinet's bulk solvent scale parameters. But fix B value
SCALeTYPE BULK

SCALeLSSCale FIXBulk BBULk 200.0
# Anisotropic scaling. It is default

SCALe LSSCale ANISotropic
# Fix Babinet's bulkd solvent for sigmaA

SCAL MLSC FIXBulk BBULk 200.0 SCBUIk -0.05
NCY C $ncyc

MONI MEDI

BINS 10

EOD
e e -
#

cp refine.pdb refine.pdb_$cycle

elseif ( $build_score best >1 ) then
# no refmach...just copy over

cat work_model.pdb | $grep _type -v HETATM > resolve.pdb
cp resolve.pdb refine.pdb

cp refine.pdb refine.pdb_$cycle

else

if ($ip) echo"No model built this try"

echo "REMARK No model built cycle $cycle" > refine.pdb_$cycle
echo "REMARK No model built cycle $cycle"

endif
#

end of extend:

end
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#

# Get R and freeR value on refine.pdb_$cycle:

set freer_line = "$grep_type 'FREE R VALUE ' refine.pdb_$cyclejtail -1
setr_line="$grep_type'R VALUE (WORKING SET) :' refine.pdb_$cycleltail -1°
#

if ($#freer_line>0) then

set freer = $freer_ling[$#freer_line-$#freer_ling):e
else

set freer = 99999

endif

if ($#r_line>0) then
setr=%r_ling[$#r_line-$#r_line]:e

else

set r = 99999

endif

if ($ncyc == 0 )then

set freer = $r

endif

#

if ($ip) echo" R/freeR for this model: 0.$r/0.$freer"
#

if ($cycle<10) then

sethl1=""

else

sethl=""

endif

if ($built_best <100) then

seth2=""

else

seth2=""

endif

if ($placed_best >=100) then

set b3 =""

elseif ( $placed_best >= 10 )then

seth3=""

else

seth3=""

endif

if ($build score best < 100 )then

seth4=""

else

seth4 =""

endif
# Decide how to score. If R < unacceptable r or r_best overall < unacceptable r
# then use R. Otherwise use score
#

if (($r<3$n_unacceptable r) && ($r < $r_best overdl ) ) then
set this is best = YES

elseif (($r_best_overal >= $n_unacceptable r) && \
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($r<=%$nr max) && \
( $build_score best > $build_score best_overall ) ) then
set this is best = YES
else
set this is_best = NO
endif
if ($this is best == YES) then

if ($ip) echo "Thisisthe best model overall so far. Previous best had score of $build_score best_overal"

if ($ip) echo "Copied refine.pdb_$cycle to resolve best.pdb"

if ($ip) echo "Copied resolve.log_$cycle resolve best.log"

if ($ip) echo "Copied refine.mtz to resolve_best.mtz"

@ build_score best_overall = $build_score best

@ build _score best_overal cycle = $cycle

@ r_best_overall = $r

cp refine.pdb_$cycle resolve_best.pdb

cp resolve.log_$cycle resolve_best.log

cp refine.mtz resolve_best.mtz

if(-f refmac.log_S$cycle) cp refmac.log_$cycle refmac_best.log
echo" ${bl}$cycle  ${b2}$built best ${ b3} $placed_best
else

echo" ${bl}$cycle  H{ b2} $built best ${ b3} $placed_best
endif
#

$ b4} $build_score best  0.%r

$ b4} $build_score best  0.%r

#
if ($reuse_chain == YES )then
cat refine.pdb > current_model.pdb

if ($ip) echo" Using refine.pdb fragments as part of next build cycle"

elseif (-f current_model.pdb ) then
rm -f current_model.pdb

endif

#

#

if ($ip) echo™"

if ($ip) echo "End of cycle $cycle with score of $build_score best"

if ($ip)echo""

#

# Decideif we should keep going or quit..
@ cutoff_cycle = $cycle - $past_cycle

0.%freer

0.%freer

if (($build_score best_overall_cycle <= $cutoff cycle) && ($r_best_overall < $n_unacceptable r) ) then
echo "Our best model was built on cycle $build_score best_overall_cycle which was"
echo" morethan $past_cycle cycles ago...calling it quits with this model,"

echo” now inresolve best.pdb"
break

endif

#

# clean up...

#

if ($clean_up ==YES ) then
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if (-f resolve.log_$cycle) rm -f resolve.log_$cycle
if (-f refmac.log_$cycle) rm -f refmac.log_$cycle
if (-f resolve.mtz_$cycle) rm -f resolve.mtz_$cycle
if (-f refinemtz) rm -f refine.mtz

if (-fimage_only_dm_image.mtz_$cycle) rm -f image_only_dm_image.mtz_$cycle

endif

#

if (is_omit_cycle==YES) then

# set this cycle asfirst one to consider when creating composite from PDB files
set cycle pdb_start = $cycle

endif

#

@ cycle ++

#

# end of build cycle

#

end

#

wrap_up:

if ($evaluate_only == NEVER)then
exit

endif

1]
17

1]
I
T

echo™ "

echo "Anayzing model based on prime-and-switch composite omit map"
#

echo "First rebuilding current model to remove refinement bias..."
if (!-f resolve best.pdb) then

echo "Sorry cannot find resolve_best.pdb?"
exit

else

cp resolve best.pdb test.pdb_0

endif

if ($skip==YES) then

goto evaluate it

endif
#

¥ resolve} <<EOD > resolve eval.log 1
hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

resolution ${ dmin} ${ dmax}
composite_pdb test.pdb_
composite_pdb_start O

composite pdb end 0

composite_all

dump_composite
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EOD

#

${ resolve} <<EOD >>resolve _eval.log_1
hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

resolution ${ dmin} ${ dmax}

no_build

pattern_phase

prior_weight 1.0

hklout image_only.mtz

read_cc_map

cc_map_file dump.map

nohl

EOD

#

if ($ip) echo "Density-modifying image of resolve_best.pdb to get image_only_dm.mtz"
#

${ resolve} <<EOD >> resolve eval.log 1
hklin image_only.mtz

labin FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM
hklout image_only_dm.mtz
solvent_content $solvent_content
prior_weight 1.0

database 5

resolution ${ dmin} ${ dmax}

no_build

nohl

EOD

#

if ($ip) echo "Carrying out phasing using image_only_dm.mtz "
if ($ip) echo" and resolve_best.pdb and rebuilding model”
#

if (-f resolve.built) rm -f resolve.built

${ resolve} <<EOD >> resolve eval.log 1
hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

hklstart image_only_dm.mtz

labstart FP=FP PHIB=PHIM FOM=FOMM
hklout image_only dm_image.mtz
solvent_content $solvent_content

database 5

resolution ${ dmin} ${ dmax}
composite_pdb test.pdb_
composite_pdb_start O

composite pdb end 0

composite_all

prior_weight 1.0
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scale refl $scale
image
mask_cycles0
$superquick_build
seq file$seq file
compare_file $compare file
ha_file $ha_file
hklout test. mtz_1
nohl
$mask_line
$use mask_line
EOD
if (-f resolve.pdb) then
cp resolve.pdb test.pdb_1
else
echo "Sorry, no model obtained on rebuilding...quitting"
exit
endif
if ( -f resolve.built ) then
set built = “cat resolve.builtjhead -1°
set placed = “cat resolve.built | head -2|tail -1
set build_score = “cat resolve.built | head -4|tail -1’
else
set build _score=0
set built=0
set placed=0
echo "Sorry, no model obtained on rebuilding...quitting"
exit
endif
#
# report what happened in our rebuilding...
echo "Rebuilt model...$built residues built, $placed with side-chainsin test.pdb_1"
#
echo "Generating composite prime-and-switch composite omit map based on rebuilt model”
#
${ resolve} <<EOD >> resolve eval.log 1
hklin $hklin_exp
labin $labin_exp
labin $labin_exp_cont
resolution ${ dmin} ${ dmax}
composite pdb test.pdb
composite pdb start 1
composite pdb end 1
composite_all
dump_composite
EOD
#
${ resolve} <<EOD >>resolve eval.log_1
hklin $hklin_exp
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labin $labin_exp

labin $labin_exp_cont

resolution ${ dmin} ${ dmax}

no_build

pattern_phase

prior_weight 1.0

hklout image_only.mtz

read_cc_map

cc_map_file dump.map

nohl

EOD

#

if ($ip) echo "Density-modifying image of test.pdb_1 to get image_only_dm.mtz"
#

¥ resolve} <<EOD >> resolve_eval.log_1
hklin image_only.mtz

labin FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM
hklout image_only dm.mtz
solvent_content $solvent_content
prior_weight 1.0

database 5

resolution ${ dmin} ${ dmax}

no_build

nohl

$mask_line

$use mask_line

EOD

#

if ($ip) echo "Getting composite ps omit map using image_only_dm.mtz "
if ($ip) echo" and test.pdb_1"

#

¥ resolve} <<EOD >> resolve_eval.log_1
hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

hklstart image_only _dm.mtz

labstart FP=FP PHIB=PHIM FOM=FOMM
hklout image_only_dm_image.mtz
solvent_content $solvent_content
database 5

resolution ${ dmin} ${ dmax}

composite pdb test.pdb

composite pdb start 1

composite pdb end 1

composite_all

prior_weight 1.0

scale refl $scale

image

omit
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mask_cycles0

no_build

nohl

$mask_line

$use mask_line

EOD

cp resolve _composite map.mtz build.mtz

if ($ip) echo "Composite omit isin build.mtz"

#

evaluate it:

#

# Get R-factor for the model resolve_best.pdb...relative to hklin_exp
#

#

$refmach xyzin resolve_best.pdb hklin $hklin_exp xyzout refine.pdb \
PROTOUT $CCP4_SCR/protout.dat \

PROTCOUNTS $CCP4_SCR/counts.dat \

PROTSCR $CCP4_SCR/counts.scr \

<<EOD >refmac_eval.log_${cycle}

MAKE HY DRogens No

MAKE CHECK 0

LABI FP=FP SIGFP=SIGFP FREE=FreeR_flag

REFI TYPE RESTrained RESOlution ${ dmax} ${dmin}
# Maximum likelihood refinement

REFI RESI MLKF

# Overdl B value refinement

REFI BREF OVER ! Refine overal B-values

# Tight restraints Lowered further 051403

WEIG MATR 0.05

# Scaledown shifts at every cycle by factor 0.5
DAMPO0.505

# No Blur (scale down reliability of) phases

REFI PHASed BBLUrring 00.0 SCBLurring 1.

# Babinet's bulk solvent scale parameters. But fix B value
SCALeTYPE BULK

SCALeLSSCale FIXBulk BBULk 200.0

# Anisotropic scaling. It is default

SCALeLSSCale ANISotropic

# Fix Babinet's bulkd solvent for sigmaA

SCAL MLSC FIXBulk BBULk 200.0 SCBUIk -0.05
NCYCO

MONI MEDI

BINS 10

EOD

e e -

#

# Get R and freeR value on refine.pdb:

set freer_line= "$grep_type 'FREE R VALUE ' refine.pdbjtail -1°
setr_line="$grep_type'R VALUE (WORKING SET) :' refine.pdbltail -1
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#

if ($#freer_line>0) then

set freer = $freer_lineg[$#freer_line-$#freer_ling]:e
else

set freer = 99999

endif

if ($#r_line>0) then
setr=$r_ling[$#r_line-$#r_linel:e
else

set r = 99999

endif

#

echo""

echo"

if ($evaluate only == YES) then

echo "Work R-factor for input model $pdb_in: 0.$r free R: 0.$freer”

echo "Evaluation of $pdb_in using prime-and-switch composite omit map:"
else

echo "Work R-factor for resolve _best.pdb: 0.%r free R: 0.$freer"

echo "Evaluation using prime-and-switch composite omit map:"

endif

#

#

# Evauate the model relative to the composite omit ps map:
#

$ resolve} <<EOD > evaluate.log

hklin build.mtz

labin FP=FP PHIB=PHIM FOM=FOMM
model resolve best.pdb

evaluate_model

EOD

#

1]
IT
T

echo " See evaluate.log for more details on the analysis of this model"
echo""

echo "All done...please carefully evaluate your model."

echo "Y our best indicators are the free R factor and the match”
echo "to the prime-and-switch composite omit map in evaluate.log."
echo "Note that no waters are built in this model."

echo""

echo "Output files are:"

if (-f resolve best.pdb ) then

echo "resolve best.pdb ... partially-refined model”

endif

if (-f resolve _best.log) then

echo "resolve best.log ... log file in which this model was built"
endif

if (-f resolve_best.mtz) then
$resolve<<EOD>final.log
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hklin resolve best.mtz
labin FP=FP PHIB=PHIM FOM=FOMM
mask_cycles 1
minor_cycles0
no_build
ccpd_map_file resolve_best.map
EOD
echo "resolve best.mtz ... FP, SIGFP, best overall phases, freeR flag...."
echo "resolve_best.map ... ccp4-style map from resolve_best.mtz"
endif
if (-f refmac_best.log ) then
echo "refmac_best.log ... log file for refinement of resolve best.pdb"
endif
if (-f build.mtz) then
$resolve <<EOD>> final.log
hklin build.mtz
labin FP=FP PHIB=PHIM FOM=FOMM
mask_cycles 1
minor_cycles0
no_build
ccp4_map file resolve_composite_omit.map
EOD
#
echo "resolve_composite_omit.map ... composite omit map "
endif

IT
1T
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Contents I ndex

Sample scriptsfor SOLVE

Choose one of the following sample control files, edit it to match your data (you may need to check on
dataformats), and run SOLVE with it. Y ou can watch SOLVE run by looking at the end of the "solve.

status" with "tail -30f solve.status'. Thisfile will tell you where to look if something got typed in wrong
and it will keep you informed about the structure determination asit goes.

If you want to change some parameters that are not listed in this file you should have alook at the list of
keywords for SOLV E automated operation.

Each control file also comes with a script you can use to generate a dummy dataset and an output solve.
prt file that will be similar to the one you should get if you run the control file on the dummy dataset.
(Note: it won't necessarily be identical, because slight differences between machines can lead to
somewhat different output files. The overall answers are usually about the same, though. The files here
were generated on a DEC alpha.) Y ou can use these to make sure everything is working properly.

Note in particular the keywords

. READDENZO/READFORMATTED/READTREK
. UNMERGED/PREMERGED
. READ_INTENSITIESREAD_AMPLITUDES

LABIN / HKLIN (for CCP4 files, see example ccp4 MADor MIRscripts)

ADDSOLVE and ANALYZE SOLVE. Note aso if you know some of your sites at the beginning you
can tell SOLVE to use them:

« under "lambda 1" or "derivative 1" specify
o aomnamexx ! xxisyour atom
0 XyZXyz I coordinates of this atom
1 .. morexyz values
. before ANALYZE MAD or ANALYZE_MIR or SAD specify:
- ADDSOLVE ! ADDSOLVE (add on moresites) or ANALYZE SOLVE (refine input
sites)
. SOLVE will refine these sites and go on from there.
. See sample solve.com file for ADDSOLVE.

. See sample solve.com filefor ANALYZE SOLVE.
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Single datasets
Command files for running SOLVE with...

. 1 SAD dataset: generate one or solve one or look at the solve.prt output from generate followed

by solve.
. 1 MAD dataset: generate one or solve one or look at the solve.prt output from generate followed

by solve.
. 1 MIR dataset: generate one or solve one or look at the solve.prt output from generate followed

by solve.
. 1 MIR dataset with anomalously scatter ing atoms in the native: generate one or solve one

(requires version 1.10 or higher) or look at the solve.prt output from generate followed by solve.

Multiple datasets

If you have several types of datasets on the same crystal, then you can combine them into one pseudo-
MIR dataset (see aso the documentation on COMBINE). Y ou can also analyze MAD data with more

than one type of anomalous scatterer with this method. Edit these control files for combining datasets
(Note: all these require version 1.10 or higher):

. MAD + MIR datasets. generate one or solve one or ook at the solve.prt output from generate

followed by solve.
. 2 MAD datasets: generate one or solve one or look at the solve.prt output from generate followed

by solve.
. 2 MIR datasets: generate one or solve one or look at the solve.prt output from generate followed
by solve.

« 1 MAD dataset with 2 anomalously scattering atoms: generate one or solve one or look at the
solve.prt output from generate followed by solve.
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RESOLVE examples

IF5A molecular replacement phasing

Removal of model bias with prime-and-switch phasing :
Deha ogenase molecular replacement phasing

I mprovement of experimentally- phased maps |IFS5A MAD map

Removal of model biaswith prime-and-switch phasing

| F5A molecular replacement phasing

. Thesystem: initiation factor 5A (IF5A)

. X-ray dataon P. aerophilum IF5A to 2.2 A (Peat T.S,, Newman J, Waldo G.S Berendzen J. &
Terwilliger T.C. Structure Of Trandation Initiation-Factor 5a From Pyrobaculum aerophilum At 1.75
Angstrom Resolution. Sructure 6, 1207-1214 (1998))

. 60% solvent

. atomic model from M. jannaschii IF5A (Kim, K. K, Hung, L. W., Yokota, H., Kim, R. & Kim, S-H.
Crystal structures of eukaryotic trandation initiation factor 5A from Methanococcus jannaschii at 1.8
angstrom resolution. Proc. Natl. Acad Sci. USA 95, 10419-10424 (1998))

. RMSD between atomic model from M. jannaschii and refined P. aerophilum structureis 1.7 A.

. Thetest: phasethe P. aerophilum data with the M. jannaschii structure

. Methodstested: (a) sigma-A, (b) prime-and-switch, (c) omit map, and (d) density modification (with
RESOLVE)

. Results: (MR modsel in blue, correct model in yellow). Sigma-A map looksa lot likethemodel in
blue used to calculateit; prime-and-switch map looksjust like the correct model in yellow. Omit
map is noisy, and density-modified map is halfway between sigmaA and prime-and-switch.
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Density—-modified

Removal of model biaswith prime-and-switch phasing

Dehalogenase molecular replacement phasing

. The system: Rhodococcus dehalogenase (dhlA)

. X-ray data on Rhodococcus dhlA to 1.5 A (Newman, J., Peat, T. S, Richard, R,, Kan, L., Svanson, P.
E., Affholter, J. A., Holmes, I. H., Schindler, J. F., Unkefer, C. J., & Terwilliger, T. C. Haloalkane
dehalogenases. Sructure of a Rhodococcus enzyme. Biochemistry 38, 16105-16114 (1999).)

. 30% solvent

. atomic model from dehalogenase linB from S. paucimobilis(Marek, J., Vevodova, J., Smatanova, |I. K.,
Nagata, Y., Svensson, L. A., Newman, J., Takagi, M. & Damborsky, J. Crystal structure of the haloalkane
dehal ogenase from Sphingomonas paucimobilis UT26. Biochemistry 39, 14082-14086 (2000).)
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. RMSD between atomic model from S. paucimobilislin B and refined RhodococcusdhlA structureis
14A.

. Thetest: phasethe Rhodococcus dhlA data with the S. paucimobilislinB structure

. Methodstested: (a) sigma-A, (b) prime-and-switch, (c) omit map, and (d) density modification (with
RESOLVE)

. Results: (MR mode structureisin blue, correct model in yellow). SigmaA map lookslikethe MR
model used to calculateit; prime-and-switch map lookslike the correct model.

| mprovement of experimentally-phased maps
IFSA MAD map

(See: Peat, T. S, Newman, J., Waldo, G. S, Berendzen, J. & Terwilliger, T. C. (1998) " Structure of
trandation initiation factor 5A from Pyrobaculum aerophilum at 1.75 A resolution” Structure 15, 1207-
1214.
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. MAD dataset on initiation factor 5A

. Only 1 of 3 selenium atomsin 147 residues used in phasing (just for thistest example)

. Solvent content was 60%

. Resolution of 2 A, spacegroup 14

. Initial correlation of experimental map with one based on refined model was 0.37

. Correlation after RESOLVE was0.79

. Correlation after conventional solvent flattening and histogram matching (using dm) was 0.65

RESOLVE map (CC=0.79)
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Conventional solvent flattening & histogram matching (CC=0.65)
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o Solve examples
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» SCALE MAD: Scding MAD data

o ANALYZE MAD: Analyzing MAD data

o MADMRG: Converting MAD datato pseudo SIRAS

o MADBST: Bayesian Fa estimates

o SCALE NATIVE: Scding native data

o SCALE MIR: Scaling derivative data

o ANALYZE MIR: Analyzing MIR data

o COMBINE: Combining multiple MAD or MIR datasets
o HASSP: Searchesfor solutions to Patterson

o HEAVY: Heavy atom refinement and phasing

. Loca scaling and merging of data
o Local scaling of data

o Merging data to the asymmetric unit
n Completeness of datasets

. DATA formats, and import/export
o Binary formats used by SOLVE

o Importing and Exporting datain SOLVE
o File merging
. Working with maps
o Calculating maps
o Peaksearching
o MAPIOASY M: map aPDB file to asymmetric unit or near an object
o RHO: electron density at coordinatesin a PDB file
o Omit_map: calculate overlapping omit maps
o Avg _omit: average overlapping omit maps
. Miscellaneous commands
o HA PDB: Write out a heavy atom solution in PDB format
1 COMPARE SOLN: Comparing two heavy-atom input files
o MATH: Perform simple operations on datasets
o GETISO: Get isomorphous differences
o GETANOM: Get anomalous differences and Fbar
o GETPHASES: Get phasesand F from A, B
o Welghts: weighting for macromolecular refinement
o Bayesian difference refinement
o CART TO FRACT and FRACT TO CART: conversion from fractional to cartesian

coordinates
. New featuresfor versions 1.18/1.19/2.01/2.02/2.03/2.04/2.05/2.06/2.08/2.09/2.10 of SOLVE/
RESOLVE
. Referencesfor SOLVE
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SOLVE Examples

This page gives three examples of what SOLVE can do. Each is an automatic structure determination carried out
starting with raw data and a minimal amount of information from the user. In each case the top solution was correct and
had the correct handedness (anomalous differences were used in each structure determination). The examples are:

. Geneb5 protein (MAD data, 2800 reflectionsto 2.6 A, 87 amino acids, 2 selenium sites)
. Armadillo repeat of beta-catenin (MAD data, 17000 reflectionsto 2.7 A, 537 amino acids, 15 selenium sites; data

courtesy of Andy Huber and Bill Weis)
. Granulocyte-macrophage colony stimulating factor (MIR data, 4800 reflectionsto 3.5 A, 4 derivatives, 254

amino acids; data courtesy of Kay Diederichs)

For each structure determination, this page shows:
A description of the structure determination by SOLVE
. Theinput script file used to run SOLVE

. The summary of the structure solution from the output "solve.prt"
. Theend of the solve.status file that showed the progress of the structure solution file

Gene5 protein
Summary of this structure solution:

Thisis adataset with 3-wavelengths of MAD data, 2800 reflectionsto 2.6 A, 87 amino acids, and 2 selenium sites (Met-
1, Met-77). SOLVE found both selenium sitesin 34 minutes on an DEC alpha 500 MHz workstation. The Met-1 site has
avery high thermal factor.

Solve.setup file listing basic information about the crystals:

CELL 76.08 27.97 42.36 90 103.2 90 I cell parans
synfile /usr/local/lib/solvel/c2. sym I space group symetry
resolution 2.6 20.0 I resolution limts

Input script fileused to run SOLVE on gene 5 protein

#!/ bi n/ csh

#

# set CCP4 and SOLVETMPDI R vari abl es:
#

setenv CCP4_OPEN UNKNOMN

setenv SOLVETMPDIR /var/tnp

setenv SYMOP /usr/local/lib/solvel/synmop.lib
setenv SYM NFO /usr/local/lib/solve/symnfo.lib
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#

sol ve <<ECD > sol ve.l og

lcormand file to read in raw MAD data, scale, analyze and solve it----

checksol ve I conpare solution with known h.a. sites

conparisonfile gvp.fft ' FFT map using FCALC fromrefined nodel

@ol ve. set up I get our standard information read in

| ogfile mad. |l ogfile I wite out nost information to this file.
I' summary info will be witten to solve.prt

I alternatives are readdenzo, readtrek

I alternative is unnerged

I alternative is read_anplitudes

I alternative is fixscattfactors

r eadf or mat t ed

pr ener ged

read intensities
refscattfactors

mad_at ommane se I anomal ously scattering atomis Se

| anbda 1
| abel Wavelength # 1
rawmadfil e test _wa.fm

info on wavel ength #1 foll ows

a label for this wavel ength

datafile with h k I Intensity sigm or
h k1 I+ sigma+ |- signma-

wavel engt h val ue

f' value at this wavel ength

f doubl eprine value at this wavel ength

wavel engt h 0. 9000
fprimv_mad -1.6
fprprv_mad 3.4

I input refined h.a. coordinates (used only for conparison in "checksol ve")
at onmane se

XYZ 0. 4813319 0. 9972169 9. 4140753E-02
XYZ 0.9731338 0. 2875228 0. 9446641
| anbda 2

rawmadfil e test _whb. fmt
wavel engt h 0. 9794
fprimv_mad -8.5
fprprv_nmad 4.8

| ambda 3

rawmadfil e test _wec.fm
wavel engt h 0. 9797
fprim/_mad -9.85
fprprv_mad 2.86

pr ener ged

readf ormatted

nres 100 [approx # of residues in protein nolecul e]

nanomal ous 2 [ approx # of anonal ously scattering atons per protein]
SCALE_MAD I read in and | ocal scale the data

ANALYZE MAD I run MADVRG and MADBST and anal yze all the Pattersons
SCLVE I Solve the structure

EQD
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Summary information from the " solve.prt" output file produced after completion of the automated structure
determination

Correlation of anomalous differences. These indicate that the data beyond about 2.7 A are not contributing much to the
phasing, asthe correlation islessthan 0.3.

CORRELATI ON FOR
WAVELENGTH PAI RS

DM N 1 VS 2 1 VS 3 2 VS 3

5. 20 0.90 0.72 0. 80
3.90 0.76 0.54 0. 69
3.64 0. 69 0. 44 0. 69
3.44 0. 65 0.44 0.52
3.25 0.59 0. 27 0. 50
3.12 0. 57 0. 34 0. 47
2.99 0. 58 0.18 0. 39
2. 86 0.42 0. 30 0. 46
2.73 0.33 0.17 0.31
2.60 0.19 0. 09 0. 32

Li st of sites analyzed for conpatibility with difference Patterson

PEAK X Y Z OPTI M ZED
RELATI VE OCCUPANCY
1 0. 484 1. 000 0. 090 91. 024
2 0. 026 0. 292 0. 062 37.211
Eval uation of this test soln with 2 sites after optim zing

occupancy of each site
Cross-vectors for sites 1 and 1 (excluding origin; 1000 = 1 sigm):
it U \Y w HEI GHT  PRED HEI GHT SYMW

1 -0.969 0.000 -0.181 16389.9 16570. 9 2

Cross-vectors for sites 2 and 1 (excluding origin; 1000 = 1 sigma):
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# U Vv W HEl GHT  PRED HEI GHT SYMW

1 -0.458 -0.708 -0.028 4053.98 3387.13 1

2 -0.510 -0.708 -0.153 4583.90 3387.13 1
Cross-vectors for sites 2 and 2 (excluding origin; 1000 = 1 signmm):
# U Vv W HEl GHT  PRED HEI GHT SYMW

1 -0. 052 0.000 -0.125 1640. 05 2769. 35 2

Overall quality of this Patterson soln = 7815.40
Overall quality of the fit to patterson = 0.798126
Avg normal i zed peak height = 3495.15

Sel eni um at om occupancy, coordi nates, and thermal factors, and
Cross-validation fouriers calculated with all heavy atonms in

all derivs except the site being evaluated and any sites equivalent to it.

(Peak height is height of peak at this position/rns of nap)

Site X y z occ B -- PEAK HEIGHT --
1 0.484 0.997 0.093 0.526 49.596 4.90
2 0.028 0.285 0.059 0.369 60.000 3.56

Re-refinement of f' and f* values:

Final refined values of f-prine and f"

Wavel ength ------- f-prime -------- -------- fre e e ee e
| ast refinenment Ref i ned | ast refinenment Ref i ned

1 0. 327 0. 327 3.817 2.928
2 -8.419 -7.357 6. 146 5. 860
3 -9.609 -8.668 2.272 1.774

Figure of merit versus resolution, and anomalous and dispersive FH/E versus resolution

FIGURE OF MERIT WTH RESOLUTI ON

DM N: TOTAL 8.81 5.75 4.55 3. 88 3.44 3.12 2. 88
N: 2668 153 234 301 343 388 417 452
MEAN FI G MERI T: 0. 46 0. 65 0. 64 0.62 0. 56 0. 52 0. 37 0.34

RVS ANOVALOUS FH E [f" PART OF FH / RVM5S ANO ERROR]|

LAMBDA: 1
LAMBDA: 2

W

0.5 6 6
0.6 7 7

© 0o
o U

© 0o
o1 W
© 0o

0.7 0.8 0. 0.
0.8 0.8 0. 0.
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SOLVE brief examples

LAMBDA: 3 0.3 0.6 0.6 0.5 0.3 0.3 0.2 0.2 0.1

RVS DI SPERSIVE FH E [Delta-f-prine PART OF FH / RMS DI SPERSI VE ERROR] :

L1 VS L2: 0.8 1.0 1.1 1.0 0.9 0.8 0.5 0.4 0.3
L1 VS L3: 0.9 1.2 1.3 1.0 1.0 0.9 0.6 0.5 0.4
L2 VS L3: 0.2 0.4 0.4 0.3 0.2 0.2 0.1 0.1 0.1
The summary of scoring for this solution

Summary of scoring for this solution:

-- over many sol utions-- -- this solution --
Criteria VEAN SD VALUE Z- SCORE
Patt er sons: 3.11 1.86 5. 83 1.46
Cross-validation Fourier: 3. 26 2.44 7.05 1.55
Nat Fouri er CCx100: 27. 4 5. 39 31.3 0.729
Mean figure of meritx100: 0. O00E+00 8. 26 58.5 7.08
Correction for Z-scores: -2.85
Overall Z-score val ue: 7.97

Note that the Patterson and cross-validation Fourier scores are 1.5 sigma above the starting solutions, but native fourier
analysisisjust 1 sigmaabove. Thisis both because the asymmetric unit is small and the map isfairly noisy.

The end of the solve.statusfile:

R R I S b b b b b S S kS S I R Sk S b b b S S S S S b b b S R R R S S S b b S S S b b R R I S S b b S S S

SOLVE STATUS 07-oct-00 10: 34: 53

TI ME ELAPSED: 34 MN

CURRENT STEP: SOLVE NAI N PROGRAM
STATUS: DONE

---TOP SOLUTI ON FOUND BY SCLVE (<nP = 0.59; score = 8.03) ---
X Y z OCCUP B HEI GHT/ SI GVA
2 0. 484 0. 997 0.093 0. 526 49. 6 4.3
2 0.028 0. 285 0. 059 0. 369 60.0 4.4
TI ME REQUI RED TO OBTAIN THI S SOLUTI ON: 28 M N
CURRENT RESCLUTION. 2.6 A FINAL RESOLUTION 2.6 A

Armadillo repeat region of beta-catenin (data courtesy of Andy Huber and Bill Weis)
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Summary of this structure solution:

Thisis adataset with 4 wavelengths of MAD data, 17000 reflectionsto 2.7 A, 537 amino acids, and 15 selenium sites.
SOLVE found 14 selenium sitesin 2 hours on a DEC Alpha 500 MHz workstation. The remaining 2 sites (one selenium
has 2 positions) are very weak and were not included by SOLVE.

Solve.setup file listing basic information about the beta-catenin crystals:

resolution 2.7 20

synfile /usr/local/lib/solvelc2221. sym

cell 64.1 102.0 187.0 90 90 90

Input script fileused to run SOLVE on beta-catenin

#! / bi n/ csh

#

# set CCP4 and SOLVETMPDI R vari abl es:
#

setenv CCP4_OPEN UNKNOMN

setenv SOLVETMPDI R /var/tnp

setenv SYMOP /usr/local/lib/solvel/symop.lib
setenv SYM NFO /usr/local/lib/solve/symnfo.lib
#

#

sol ve <<ECD > sol ve. | og

lcormand file to read in raw MAD data, scale, analyze and solve it----
title armadill o repeat of beta catenin 4-wavel ength MAD data

logfile mad. |l ogfile I wite out nost information to this file.

' summary info will be witten to "solve.prt”
@ol ve. set up I get our standard information read in
r eadf or mat t ed I or: readdenzo, readtrek, readccp4_unnerged
unmer ged I or; prenerged

mad_at om se

refscattfactors I do not refine scattering factors (you can if
I you want though)

' Comment out next line if you don't know any sites
checksol ve I conpare solutions to the one input bel ow

' Comment out next lines if you don't know the structure
I native.fft is fft calculated fromcatenin_y.pdb (offset +0.5 in vy)
conparisonfile native.fft

| anbda 1 I info on wavel ength #1 foll ows
| abel Wavelength # 1 I a |label for this wavel ength
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SOLVE brief examples

rawmadfile | 1.int
wavel engt h 0. 9000
fprinmv_mad -1.6
fprprv_mad 3.4

I list of all SE positions in
I structure (offset by 0.5 in

at oomane se

xyz 0.2631041

xyz 0.4166300

xyz 0.4765674

xyz 0.4591554

xyz 0.4083922

Xyz 0.4416372

xyz 0.1327285

Xxyz 9. 6379094E- 02
xyz 7.6066948E-02
xyz 0.1150683

xyz 0.1385160

Xyz 9.2073016E-02
xyz 0.2152710

xyz 0.3304202

xyz 0.1806852

| anbda 2

rawmadfile | 2.int
wavel ength 0.9794
fprinmv_mad -11.44
fprprv_mad 8.74

| anbda 3
rawmadfile | 3.int
wavel ength 0. 9797
fprinmv_mad -12.83
fprprv_mad 2.56

| anbda 4
rawmadfile [4.int
wavel engt h 0. 9897
fprinmv_mad -2.42
fprprv_mad 1.13

nres 700
nanonal ous 15
acceptance 0.10
SCALE_MAD
ANALYZE MAD
SOLVE

EQD

©C00000000000000

. 6633824
. 6113137
. 7249608
. 7427059
. 71455686
. 8393628
. 4970000
5855882
6245000
7795883
7238529
7063529
8265882
6161765
8512745

I wavel ength val ue
I f' value at this wavel ength
I f" value at this wavel ength

refi ned beta-catenin
y fromPDB file). Only if you know t hem

. 8978506E- 02
. 7325497E- 03
. 5320712E-02
. 4719517
. 1403100
. 6342024E- 02
. 4364171
. 3802352
. 3974865
. 3715025
. 4098982
. 4022779
. 3764597
. 2311389
. 1618233

OO OO0 O0COoOOoOOoO~NOoOooOoONMNNDdN

[approx # of residues in protein nolecul e]

[ approx # of anomal ously scattering atonms per protein]

I read in and | ocal scal e the data

' run MADVRG and MADBST and anal yze al

I Solve the structure
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SOLVE brief examples

Summary information from the " solve.prt" output file produced after completion of the automated structure
determination of beta-catenin

Correlation of anomalous differences. These indicate that the data all the way to about 2.7 A are contributing to the
phasing, as the correlation >0.3 for wavelengths 1 vs 2.

CORRELATI ON FOR
VWAVELENGTH PAI RS

DM N 1 VS 2 1 VS 3 1 VS 4 2 VS 3 2 VS 4 3 VS 4

5. 40 0.84 0. 66 0.42 0.79 0.41 0.35
4. 05 0.75 0. 53 0. 36 0.69 0. 35 0. 33
3.78 0. 65 0.43 0.21 0. 60 0.23 0.19
3.58 0. 67 0.38 0.24 0. 58 0.27 0.22
3. 38 0. 56 0.31 0.19 0. 50 0.19 0.17
3.24 0.53 0.28 0.12 0.40 0.14 0.14
3.11 0.48 0.21 0.14 0. 36 0.18 0. 16
2.97 0. 44 0. 25 0.11 0. 38 0.18 0.11
2. 84 0.41 0.21 0. 08 0.32 0.13 0. 06
2.70 0.33 0.11 0.10 0.25 0.13 0.11
ALL 0. 63 0. 37 0.22 0.52 0. 24 0.19

Li st of sites analyzed for conpatibility with difference Patterson

PEAK X Y z OPTI M ZED
RELATI VE OCCUPANCY
1 0. 833 0. 115 0.231 66. 078
2 0.424 0. 125 0. 102 60. 406
3 0.944 0. 337 0.076 55. 988
4 0. 368 0. 997 0. 062 56. 693
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SOLVE brief examples

5 0. 681 0. 354 0. 162 49. 508
6 0. 403 0. 083 0. 118 54. 275
7 0. 049 0. 243 0. 028 41. 397
8 0.972 0. 226 0. 025 52. 006
9 0. 389 0.281 0.127 42. 309
10 0. 292 0. 326 0. 125 31.510
11 0. 410 0.212 0. 095 27. 341
12 0. 361 0.226 0. 090 39. 093
13 0.910 0. 250 0.144 22.225
14 0. 889 0.111 0. 012 24. 421
Eval uation of this test soln with 14 sites after optim zing

occupancy of each site

Cross-vectors for sites 1 and 1 (excluding origin; 1000 = 1 signa):
# U Vv w HEI GHT  PRED HEI GHT SYMW
1 -1.667 -0.229 0.500 7041. 00 8732. 56 2
2 -1. 667 0.000 0.037 6518. 80 8732. 56 2
3 0.000 -0.229 -0.463 6185. 17 8732. 56 2
Cross-vectors for sites 2 and 1 (excluding origin; 1000 = 1 signa):
# U V w HEI GHT  PRED HEI GHT SYMW
1 -0.410 0.010 -0.130 6028. 85 3991. 49 1
2 -1.257 -0.240 0.370 6627. 21 3991. 49 1
3 -1. 257 0.010 0.167 7920. 79 3991. 49 1
4 -0.410 -0.240 -0.333 5973.46 3991. 49 1
Cross-vectors for sites 2 and 2 (excluding origin; 1000 = 1 signm):
# U Vv w HEI GHT  PRED HEI GHT SYMW
1 -0. 847 0.000 0.296  4925.09 7297.73 2
2 0.000 -0.250 -0.204 5302.47 7297.73 2
(etc. for many many nore cross-vectors)
Sel eni um at om occupancy, coordinates, and thermal factors, and

Cross-validation fouriers calculated with all

al |

(Peak hei ght

Site X
. 830
. 422
. 943
. 367
. 679
. 406
. 045

NOoO o~ WNPE
cNeolNolNolNoNolNo)
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116
124
338
996
353
084
243

COOCO0O000

Coocoooee

heavy atons in

derivs except the site being evaluated and any sites equivalent to it.

peak at this position/rns of nap)

z occC
231 0.691
103 0.671
076 0. 706
063 0. 527
162 0. 641
119 0. 574
028 0. 539

38.
44.
42.
15.
60.
32.
48.

B

214
433
818
000
000
160
318

30.
25.
25.
24.
20.
22.
17.

54
98
65
49
66
10
88

PEAK HEI GHT - -



SOLVE brief examples

8 0.970 0. 225 0. 026 0. 764 60. 000 18. 08
9 0. 386 0. 281 0.128 0.306 15.000 15. 63
10 0. 289 0. 326 0.125 0.303 33.767 12. 07
11 0. 409 0.211 0. 095 0.310 36.022 10. 80
12 0. 362 0. 225 0. 091 0.192 15.000 12. 00
13 0. 910 0. 250 0. 145 0.289 31.524 8.22
14 0.891 0. 110 0.011 0.456 60. 000 8. 36

Re-refinement of f' and f* values:

Final refined values of f-prine and f"

Wavel ength  ------- f-prime -------- -------- [
| ast refinenent Ref i ned | ast refinenent Ref i ned
1 -2.206 -2.206 5. 365 4. 357
2 -10. 957 -11. 069 11. 971 7.525
3 -12. 631 -12. 740 3.032 2. 000
4 -2.714 -2.507 1.232 0. 563

Figure of merit versus resolution, and anomalous and dispersive FH/E versus resolution
FIGURE OF MERIT W TH RESOLUTI ON

DM N: TOTAL 9.09 5. 96 4.72 4. 03 3. 57 3.24 2.99 2.79
N: 17155 946 1466 1815 2122 2386 2623 2798 2999
MEAN FI G MERI T: 0. 55 0.70 0.74 0. 67 0. 59 0. 56 0.52 0. 47 0.41

RVS ANOVALOUS FH E [f" PART OF FH / RVM5S ANO ERROR]

LAMBDA: 1 0.6 1.1 1.2 0.9 0.7 0.6 0.5 0.4 0.4
LAMBDA: 2 1.0 1.2 1.3 1.2 1.1 1.0 0.9 0.8 0.6
LAMBDA: 3 0.3 0.4 0.6 0.4 0.3 0.3 0.3 0.2 0.2
LAMBDA: 4 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
RVS DI SPERSI VE FHE [Delta-f-prime PART OF FH / RVMS DI SPERSI VE ERRCR] :

L1 VS L2: 1.0 1.4 1.5 1.3 1.1 1.0 0.8 0.7 0.6
L1 VS L3: 1.1 1.5 1.6 1.4 1.2 1.1 0.9 0.8 0.7
L1 VS L4: 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
L2 VS L3: 0.3 0.6 0.5 0.4 0.4 0.3 0.2 0.2 0.1
L2 VS L4: 1.0 1.3 1.5 1.3 1.1 1.0 0.9 0.8 0.6
L3 VS L4: 1.2 1.4 1.7 1.4 1.2 1.1 1.0 0.9 0.8
.1
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The summary of scoring for this solution

Summary of scoring for this solution:

-- over many sol utions-- -- this solution --
Criteria MVEAN SD VALUE Z- SCORE
Patt ersons: 4. 89 0.745 14. 2 12.5
Cross-val idation Fourier: 21. 7 4. 61 185. 35.5
Nat Fouri er CCx100: 11.0 5.29 58.9 9. 05
Mean figure of neritx100: 0. 000E+00 5. 00 69. 3 13.9
Correction for Z-scores: -12.1
Overall Z-score val ue: 58. 8

Note that the Z-score for this solution (59) is much higher than for the gene 5 protein example, even though the phasing
is about the same. Thisis because SOLVE scoring gets higher for datasets with more sites.

The end of the solve.statusfile:

R R R R o R o R R R Rk b S R R b e I R R S e b R R e R S R e b e b I R R R S S R

SOLVE STATUS  07-oct-00 11:46:31

DATASET TITLE: armadillo repeat of beta catenin 4-wavelength MAD data
TIME ELAPSED: 2HR

CURRENT STEP.SOLVE MAIN PROGRAM
STATUS: DONE

---TOP SOLUTION FOUND BY SOLVE (<m> = 0.69; score = 58.80) ---

X Y Z OCCUP B HEIGHT/SIGMA

2 0830 0116 0231 0.691 382 30.5
2 0422 0124 0103 0671 444 26.0
2 0943 0338 0.076 0.706 42.8 25.7
2 0367 099 0.063 0527 15.0 24.5
2 0679 0353 0162 0641 60.0 20.7
2 0406 0.084 0119 0574 322 221
2 0045 0243 0028 0.539 483 17.9
2 0970 0225 0.026 0.764 60.0 18.1
2 0386 0281 0128 0306 15.0 15.6
2 0289 0326 0125 0303 338 12.1
2 0409 0211 0.095 0310 36.0 10.8
2 0362 0225 0.091 0.192 150 12.0
2 0910 0250 0145 0.289 315 8.2

2 0891 0110 0.011 0456 60.0 8.4

TIME REQUIRED TO OBTAIN THISSOLUTION: 38 MIN
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CURRENT RESOLUTION: 2.7A. FINAL RESOLUTION: 2.7 A.

Granulocyte-macr ophage colony stimulating factor
Summary of this structure solution:
Thisisan MIR dataset with 4800 reflectionsto 3.5 A, 4 derivatives, and 254 amino acids. The data is courtesy of Kay
Diederichs. The derivatives are not that good and the overall figure of merit of the structureisonly 0.54 to 3.5 A. Using

all the data and including anomal ous differences, SOLVE took 18 minutes to solve thisMIR problem on aDEC Alpha
500 MHz workstation. Solve only used 3 of the 4 derivatives in phasing.

Solve.setup file listing basic information about the crystals:

cell 47.6 59.1 126.7 90 90 90
synfile p212121. sym
resolution 20 3.5

Input script file used to run SOLVE on Granulocyte-macrophage colony stimulating factor

#!/ bi n/ csh

#

# set CCP4 and SOLVETMPDI R vari abl es:
#

set env CCP4_OPEN UNKNOMN

setenv SOLVETMPDIR /var/tnp

setenv SYMOP /usr/local/lib/solvel/symop.lib

setenv SYM NFO /usr/local/lib/solve/symnfo.lib

#

sol ve <<ECD > sol ve.l og

I solve.comfor gnf 7-25-97

I include known h.a. sites for conparison and fft map as wel |

logfile mr.logfile ! wite out nost information to this file.
@ol ve. set up

title gmnative + 4 derivatives

|

readf ormatted

pr ener ged

checksol ve

conparisonfile gmoffset.fft

rawnativefile gmat.fnt

derivative 1

file:///CJ/Documents¥20and%620Settings/terwill/Desktop/ ht...5/htmi/html_solve/manual/notes/solve _brief_examples.html (12 of 16)8/10/2005 3:47:12 PM



SOLVE brief examples

i nano

noanor ef i ne

| abel deriv 1 gnil8 pcnbs

rawderivfile gnl8. fnt

ATOWNAME Hg

nsol site_deriv 2

XYZ 0. 4069387 0.5974227 0. 1901610
XYZ 0.4322624 0.5161777 0.2020042
derivative 2

i nano

noanor ef i ne

| abel deriv 2 gnPt(EtNH2)2C 2 derivative #40
rawderi vfil e gnd0. fnt

ATOWNANE Pt

nsol site _deriv 6

derivative 3

i nano

noanor ef i ne

| abel mersalyl acid # 52

rawderi vfile gnb2.fm

ATOWNAME Hg

nsolsite deriv 2

XYzZ 0.9070011 0. 4427668 0. 1972121
XYZ 0.4240658 0. 6003970 0. 1951167
derivative 4

i nano

noanor ef i ne

| abel Hgl 2 #57

rawderivfile gnb7.fm

ATOWNAME Hg

nsol site deriv 3

XYZ 0.9747854 . 4725027 0. 2089491
XYZ  0.3438405 . 6067868 0. 1840420
acceptance 0. 35 I accept new sites with ~50% of hei ght of avg
scal e native
scale mr

anal yze_mr

SOLVE

ECD

oNe

Summary information from the " solve.prt" output file produced after completion of the automated structure
determination

Selenium atom occupancy, coordinates, and thermal factors, andCross-validation fouriers calculated with all heavy
atomsinall derivs except the site being evaluated and any sites equivalent to it.

(Peak height is height of peak at this position/rns of nmap)

Site X y z occ B -- PEAK HEIGHT --
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SOLVE brief

Deriv 1

Figure of merit versus resolution

DM N:
N.

MEAN FI G MERI T:

examples

0. 404
0.923

0.423
0. 908

0. 973
. 326
0. 357

o

0. 600
0. 440

0. 600
0. 443

0. 481
0. 568
0. 637

TOTAL
4801
0.54

. 192
. 200

oNe

. 195
. 197

oNe

. 210
. 188
. 182

oNeNe)

11. 16
297
0.70

0.130 60.000 14. 80
0.112 60. 000 12. 27
0.169 60. 000 21. 90
0.223 60. 000 24. 02
0.126 60. 000 12. 80
0.052 16.111 9. 09
0.040 25.935 3.11

7.54 6. 04 5.18 4.61 4.19 3.87

418 525 589 663 713

778

0.76 0.73 0. 64 0.52 0.48 0.42

List of sites analyzed for compatibility with difference Patterson

3.61
818
0.34

(Height is 1000 x height of peak in Patterson/rms of map. Predicted height is expected height based on occupancy of

sites)
Derivative 1
PEAK X Y Z OPTI M ZED
RELATI VE OCCUPANCY
1 0. 406 0. 597 0.191 47.139
2 0.927 0. 438 0.198 40. 744

Eval uation of this test soln with
occupancy of each site

2 sites after optim zing

Cross-vectors for sites

# U V w
1 -0.312 -1.194 0. 500
2 -0.812 0. 500 0.118
3 0.500 -0.694 -0.382

Cross-vectors for sites

# U V W
1 0.521 -0.160 0. 007
2 -0.833 -1.035 0. 507
3 -1.333 0. 340 0.111
4 1.021 -0.535 -0.389

1 and

2 and

1 (excluding origin; 1000 = 1 sigma):
HEI GHT  PRED HEI GHT SYMVH#
4539. 24 4444, 25 2

2537. 75 4444, 25 2
4848. 71 4444, 25 2

1 (excluding origin; 1000 = 1 sigma):
HEI GHT  PRED HEI GHT SYMWH#
4568. 46 1920. 64 1
4088. 19 1920. 64 1

3195. 59 1920. 64 1
2322.98 1920. 64 1
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Cross-vectors for sites 2 and 2 (excluding origin; 1000 = 1 sigm):

it U \Y w HEI GHT  PRED HEI GHT SYMW
1 -1.354 -0.875 0.500 1348.34 3320. 13 2
2 0.500 -0.375 -0.396  3381.48 3320. 13 2
Total of 1 of 11 patterson peaks used nore than once.

Overall quality of this Patterson soln = 5946. 31
Overall quality of the fit to patterson = 1.38812
Avg normal i zed peak height = 1792. 88

(... etc for derivatives 2,3,4).

Summary of scoring for this solution:

Summary of scoring for this solution:

-- over many sol utions-- -- this solution --
Patt er sons: 1.87 0. 500 3.82 3.89
Cross-validation Fourier: 6.63 3.49 36. 3 8.51
Nat Fouri er CCx100: 12. 4 5 31 32.8 3.83
Mean figure of meritx100: 0. 000E+00 7.53 53.5 7.11
Correction for Z-scores: -3.92
Overall Z-score val ue: 19. 4

Tail end of the solve.status file:

kkhkkhkhkhkhkkhkkhkhkhhhkhkkhkhkhkhhkhkkhkhkhhhhkhkhkhkhhhkhkhkikhhhkhkhkhkhhhkhkhkikhkhhkhkhkhkhhhkhkhkik k hhkhkikikihrkhkikikik*k*%x

SOLVE STATUS 07-oct-00 10:18:51

DATASET TITLE: gm native + 4 derivatives
TI ME ELAPSED: 18 M N

CURRENT STEP: SOLVE MAI N PROGRAM
STATUS: DONE

---TOP SOLUTI ON FOUND BY SOLVE (<nP> = 0.54; score = 19.43) ---

Deriv X Y Z OCCcuP B HEI GHT/ SI GVA
1 0. 404 0. 600 0.192 0. 130 60.0 14. 8
1 0. 923 0. 440 0. 200 0.112 60. 0 12. 3
3 0.423 0. 600 0. 195 0. 169 60. 0 21.9
3 0. 908 0. 443 0. 197 0. 223 60. 0 24.0
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4 0.973 0.481 0. 210 0. 126 60.0 12.8
4 0. 326 0. 568 0.188 0. 052 16.1 9.1
4 0. 357 0. 637 0.182 0. 040 25.9 3.1
TI ME REQUI RED TO OBTAIN THI S SCLUTI ON: 16 M N
CURRENT RESOLUTI ON: 3.5 A FI NAL RESOLUTI ON: 3.5 A
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el doctype html public "-//w3c//dtd html 4.0 transitional//en">

Contents Index

All keywordsfor SOLVE

Thisisalist of al the keywords for SOLVE. Keywords set values of parameters (number of heavy atom sites, f' value), while
commands cause SOLVE to do something (solve a structure, scale data, search for heavy atoms, draw a map)

Also see thelist of common keywords that apply to automated SOL V E operation and the list of all commands.

The keywords for SOLVE are listed here in the following groups:

. Overall control parameters

. Crydtal data (cell, resolution, etc)

. Reading in,scaling and rejecting data

. Specifying file names

« Column numbersfor datain datafiles

. Control parameters for SOLVE structure determination
. Defining heavy atom scattering factors

. Input of heavy atom parameters

. Control parameters for heavy atom refinement and phasing
. Control parameters for HASSP

. Working with maps

. Gridsused for FFT

. Control parameters for GENERATE

Overall control parameters

VERBOSE wite out a lot of output to logfile

NSHELLS n Nunber of shells for analysis [default=10]. Does not
apply to heavy atomrefinenent (fixed at 8).

SAVE FI LES Save scratch files instead of cleaning up

Crystal data (cell, resolution, etc)

SYMFI LE XXXXX symretry file for this space group
CELL a b c al pha beta gamm
RESOLUTI ON dm n dnmax

TI TLE XXXXX CCP4 overall Title (60 characters, spaces all owed)
PROJECTNAME XXXXX CCP4 Project Nanme (20 characters, no spaces)
CRYSTALNAME  XXXXX CCP4 Crystal Nanme (20 characters, no spaces)
DATASETNAME XXXXX CCP4 Dat aset Nanme (20 characters, no spaces)
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RES PHASE XX Just use data up to XX in phasing and heavy-at om
searches, wite out all data defined by dm n and dmax
NRES n # of residues in asymmetric unit [default=100]. Used to

estimte overall scale and (along wth nanonal ous) how big
Fa val ues m ght be.

NANOVALOUS n # of anomal ously scattering atons in asymetric unit.
Used to estimate how big the Fa val ues m ght be

SN MN xx Identify working resolution as the point where signal -
to-noise in the data goes down to about XX Default =0.5

SN RATIO M N xXx Identify working resolution as the point where signal -
to-noise in the data goes down to about XX tines its
maxi mum val ue. Larger of value of S/ N obtained by SN MN and
SN_RATIO M N used. Default = 0.1

Reading in scaling, and rejecting data

READ | NTENSI TI TES (default) The raw data files contain intensity measurenents
READ_AMPLI TUDES The raw data files contain anplitudes (F) not intensities (1)
(This is valid only with READFORVATTED)

PREMERGED The data in all RAWMADFI LEs have H K L and 4 other col umms:
| +/ F+, sigma, |-/F-, sigma

UNVERGED The data in all RAWMADFI LEs have H K L and 2 ot her col umms:
I/ F, sigma

READDENZO Al datafiles are witten by Scal epack. For unnerged data

they will be read with the formatting: (6i4,i6,2i2,i3,2f8.0) and
nsynt2+1 |lines are skipped at the top of the file. For

nerged data the formatting is: (3i4,4f8.0) and

3 lines are skipped at the top of the file.

READFORMATTED Al'l datafiles will be read with "*" formatting and
contain HK L I/F sigma or HK L I+/F+ sigma I-/F- sigma

READTREK The datafiles were witten by d*trek and contain col ums
with intensities

READCCP4_UNMERGED All datafiles will be read as CCP4 ntz files assum ng that
LABIN is defined as I=I SIA@=SIG. No LABIN lines are all owed
(you cannot redefine LABIN).

LABI N speci fy columm assignnments for HKLIN in standard CCP4
fashi on (FC=FCL PH C=PH C FOVEFOW) etc

HKLI N  xxx. ntz ntz file containing scal ed anplitudes
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PHASES_FORMATTED xxx. f nt File xxx.fnmt contains HK L FC PH C FOM and

PHASES_LABI N

PHASES MI'Z xxx. ntz
NSKI P n

NSKI P 0
NSKIP -1

RATM N XX

SIGVA | _RATI O XX

FPFM_ONLY

FP_OR_FM

SWAP_ANO

OVERALLSCALE

KEEPALL
TOSSBAD

ANCUT
RATM N
NOBFACTOR

BFACTOR
DAMPI NG xX

the phases and fomw || be used in SCOLVE wth
difference Fouriers to find initial sites

speci fication of colum assignnents for PHASES MIZ file
Normal use is FC=FC PH C=PH C FOVFOM NOTE: MJST
cone before PHASES Mrz!

as PHASES FORMATTED, but mz-file. FC PHIC FOM required

Skip exactly n lines at the top of each data file

Do not skip any lines at the top of each data file
Skip O lines at the top of each data file

unl ess the keywords READDENZO and PREMERGED

are set in which case the default nunber of |ines

are ski pped (see above)

Mnumumratio of F/sig or I/sig to read in data for a
reflection at all is xx [default=2.0]. This is
used to elimnate weak data.

Data read in with "prenmerged” will be given sigmas of
at | east XX. Default=0.0

Toss all acentric reflections where either F+

or F- is mssing [this is the default for MAD data]
Use F+ or F- as an estinmate of Fbar if F+ and

F- are not both present.

Swap HK L ->-H-K-L as data are read into

SOLVE in scale_native, scale_derivative, and

scale_mad. This is to correct for a detector or indexing

t hat swapped F+ for F-

Do not do |local scaling; just an overal

scale factor for F+, F- at each wavel ength.

Use this if you already have scal ed the data

and you don't want any nore scaling done.

keep reflections even with high differences

(default) Toss reflections if differences between native and
derivative are nore than 3 * the rns found for other
reflections.

Not e: KEEPALL and TOSSBAD apply to MERGE, LOCALSCALE,
SCALE_MAD, SCALE M R, SCALE NATIVE. This is the

place to reject derivative reflections with very |large del F
if you want to reject themat all.

m nimum # of reflections to use to scale a reflection (30.)
mninumratio of F/sigma to include (default=2)

if specified, do not apply overall WIson scaling before doing
| ocal scaling. Generally used only along w th DAMPI NG=0.
undoes NOBFACTOR. Do apply WIson scaling before | ocal scaling
scale factor (after Wlson scaling) is danped by taking it
to the power xx. Cenerally used with NOBFACTOR and a val ue of
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0 to not do any scaling at all.
NODAMPI NG undoes DAMPI NG by resetting danping factor to 1.0
OVERALLSCALE just get 1 scale factor for the whol e dataset. No | ocal

scaling, no wilson scaling. Same as NOBFACTOR + DAMPI NG 0.0
NOOVERALLSCALE undoes OVERALLSCALE. SAME AS BFACTOR + DAMPING 1.0

Specifying file names

LOGFI LE xx nane of output file for summary of results is

SYMFI LE XXXXX
I NFI LE data.drg

QUTFI LE data. xpl or

RAWVADFI LE XXX, |
RAWNATI VEFI LE  XxXX. i
RAWDERI VFI LE XXX. i
EXPORTFI LE XXX

PHASEFI LE

NEWSCRI PTFI LE

MADFBARFI LE xx. scl

symmetry file for this space group
Standard datafile for input. Sone routines require that
other input file nanes are specified.
Standard output file. Some routines require that
other output file nanes are specified.

nt read in xxx.int as data for the current nmad wavel ength
nt read xxx.int as data for the native

nt read xxx.intas data for the current derivative
Formatted file with Fp, phase, m and Hendri ckson-

Lattman coefficients will be witten to this

file at the end of SOLVE. Only the top solution

will be witten out in this way. The file has
a header that you can edit and nmake into a little
script file that will read the data into ccp4

format. Default is phases-hl.export

binary .drg file with the same data as the EXPORTFILE
Default is phases-hl.drg

script file that will run HEAVY and wite out a

new EXPORTFI LE, PHASEFI LE, and NEWSCRI PTFI LE.

Default nane is "phases-hl.script". All

this script file does is calcul ate phases. The file
does contain the final heavy atom paraneters. |If you
want to take the heavy atom paraneters and conti nue
in SCLVE with them (i.e., running ADDSOLVE or
ANALYZE_SOLVE), you shoul d copy these heavy atom
paraneters into the solve_mad. script or
solve_mr.script file that was

witten by "ANALYZE MAD' or

"ANALYZE_ M R' and nake

a new script file this way.

Qutput file from SCALE MAD wi th (Fbar, signa, Del Ano, si gna)
for each wavel ength will be xx.scl

(DEFAULT="mad_f bar.scl")

MADFPFMFI LE yy. scl Qutput file from SCALE MAD with (F+, sigma, F-,sigm) for each

wavel ength will be yy. scl
(DEFAULT="nmad_f pf m scl ")
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madnr gf i | e xxx. out SI RAS- i ke MAD dat aset from MADVRG
[ def aul t =" madnr g. out "]

madbstfile yyy.out coefficients for a Bayesian Patterson to yyy.out from MADBST
[ def aul t =" madbst. out "]

SCLVEDATAFI LE xxx CQutput datafile with MADVRG and MADBST data

NEWFI LE  xX file with updated script file for HEAVY

QUTFI LE  xx output file nanme for HEAVY, required if KOUT is not O
FFTFILE  xX nane of FFT-containing file

EZDVAPFI LE  xX nanme of output EZD format map file

CCPAMAPFI LE XX name of output ccp4 format map file

MAPVI EWFI LE xX nane of output MAPVIEWformat file

COVPARI SONFI LE  xXx nane of file with FFT to be conpared with all native
fouriers fromtrial solutions (goes with checksolve).

FI LETI TLE xxX optional title for a file

Column numbers for data in datafiles

NNATF n colum # for F of native data

NNATS n colum # of sigma of F of native data

NDERF n colum # for F of deriv data

NDERS n colum # for signma of F of deriv data

NANOF n colum # of anomal ous difference (Fplus-Fm nu) of deriv data
NANGCS n colum # of sigma of anonal ous difference

NCOLF_MERGE n colum nunber in input file for F (default = 1)
NCOLSI G_MERGE n colum nunber in input file for sigma of F (default =2)

NCOLFBAR n Fbar for this wavel ength

NCOLSFBAR n si gma of Fbar

NCOLDELF n Del F ano (Fplus - Fm nus)

NCOLSDELF n sigma of del F ano

NCOLFPLUS col um nunber for Fplus

NCOLSI GPLUS col um nunber for sigma of Fplus
NCOLFM NUS col um nunber for Fm nus
NCOLSI GM NUS col um nunber for sigma of Fm nus
NCOLFC n W Fc (WI Fcalc) for Fdiff
NCOLFOM n W Fo (WI' Fobs) for Fdiff

NCOLSWI n sigma of WI Fo for Fdiff
NCOLFOWUT n MUT Fo (MJT Fobs) for Fdiff
NCOLSMUT n sigma of MJT Fo for Fdiff
NCCOLFCMUT n MJT Fc for Fdiff

NCOLRTEST n RTEST indicator (O if mssing) for Fdiff
NXPLORF n colum for F in drgtoxplor

NXPLORSI G n colum for sigma in drgtoxplor
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JSTD n wavel ength 1D for wavel ength to be consi dered the STANDARD

Control parameters for SOLVE structure determination

new_dat aset Used to identify the beginning of a new dataset
in conbination wth COVBI NE_ALL_DATA.
Cannot be used with ntz files.

nt opf our Xxx Nunber of Fourier peaks to pick froma map

nt opderiv xx Nunber of Fourier peaks to be tested for

nsol site xx Maxi mum nunber of sites in a derivative unless overridden by
nsol site_deriv

nseedt est XX Nunber of seeds per derivative to try (before sorting)

nseedsol ve xx Nunber of seeds (total) to try after sorting them

nt opsol ve xx Number of solutions to print out at the end and nunber
of solutions to keep track of at any one tine

addsol ve Add on to solution that is input[default=off]

checksol ve Conpare all solutions to input solution [default=off]

anal yze_sol ve Anal yze input solution w thout doing anything el se

[ def aul t =of f ]

no_fom do not use figure of nmerit in solve scoring
(this is default in P1 where figure of nmerit is poorly
esti mat ed)

no_patterson do not use patterson in solve scoring

no_fourier do not use cross-validation difference fouriers in scoring

no_native_fourier do not use analysis of native fourier in solve scoring

[ no] del et e do [not] check out all solutions by testing
all one-site deletions [default=del ete]

[ no]linverse do [not] check out all solutions by testing
their inverses (does not apply if a solution
Is centrosymmetric or if anomal ous differences
are not used). [default=inverse]
full __inverse if inverse is set, calculate all scores for inverse, do not
copy over patterson and cross-validation difference fourier

SCORI NG _TABLE (8 values) Scoring table (usually generated by SOLVE) consisting
of mean and standard devi ation of scores for tria
solutions for Pattersons, Cross-fouriers, Native Fourier
maps, and nmean figure of nmerit. This keyword is useful
when you are running SOLVE after nodifying the script
file it wites out at the end.

QUI CK once a plausible solution is found, don't keep | ooking,
just add on sites to it and check it at the end.

QUI CKER Go with the best solution at each stage, but try all seeds
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unl ess a very good solution is found.

VERYQUI CK SOLVE will go with the best solution at each step, even if
it is not very good. This will speed up SOLVE a |ot for good
dat a.
THOROUGH keep | ooki ng anyways until a limt set by ntopsolve,
nseedsol ve, etc is reached. QOpposite of QU CK
FI NI SH control paraneter for solve.control file indicating that SOLVE shoul d

finish up as soon as possible w thout | ooking for any new sol utions.

RESOLUTI ON_STEPS nunber of steps of resolution to use in the search for
heavy-at om sol utions. Default=3. |If you specify O or 1 it
will go right to the highest resolution avail able

NTOL_SI TE a site within ntol _site grid units of an existing site is
considered to be a duplicate and is ignored. [default=8]

NTOL_SOLN a heavy-atom sol ution for which every site natches anot her
solution within ntol _soln grid units is considered to be
a duplicate and is ignored. [default=2]

ACCEPTANCE xx the weighting function for scoring patterson and free-
di fference fourier peak heights is adjusted so that a new
site with height relative to the previous average hei ght
of ACCEPTANCE or higher will generally give a solution
with a higher score than the solution without this site.
[default =0. 2]

CUT_DELETE xx Only sites with free-difference Fourier peak heights | ess
than XX *sigma of map will be will be considered for renpva
in generating new test solutions. Default = 5.0

bayes Use Bayesi an MAD phasing at the very end of SCLVE.
(This is the default)

nobayes Use the conpressed MADMRG datafile for al
phasi ng when program gets to SOLVE.

NO_ANI SOTROPI C B no ani sotropic b used in automated structure determ nation

no_duplicate_sites Do not allow the sane site to appear in nore than
one derivative. (defaul t =off)

CONTI NUE_SAD Conti nuing a SAD dataset (keyword used by SOLVE in
sol ve_fast _sad. scri pt

CONTI NUE_NMAD Continuing a SAD dataset (keyword used by SCLVE in
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sol ve_nmad. scri pt

USE | NPUT_PHASES Usi ng i nput phases (must be defined in input file)
(keyword used by SOLVE in solve_mad.script and solve_mr.script)

Defining heavy atom scattering factors

The atom types recogni zed by SOLVE are:

H H1, He, Li, Li+l, Be, Bet2, B, C, Cv, N O O1,

F, F-1, Ne, Na, Na+1, My, Mg+2, A, Al +3, Si, Siv, Si+4,

P, S, d, d-1, A, K K+1, Ca, Ca+2, Sc, Sc+3, Ti, Ti+2,
Ti+3, Ti+4, V, V+2, V+3, V+5, C, C+2, Cr+3, M, M+2, M+3,
Wh+4, Fe, Fe+2, Fe+3, Co, Co+2, Co+3, Ni, N +2, N +3, Cu,
Cu+l, Cu+2, Zn, Zn+2, &R, &G@+3, CGe, CGe+4, As, Se, Br,

Br-1, Kr, Rb, Rb+1, Sr, Sr+2, Y, Y+3, Zr, Zr+4, Nbo, Nb+3,
Nb+5, M, M+3, M+5, M+6, Tc, Ru, Ru+3, Ru+4, Rh, Rh+3,
Rh+4, Pd, Pd+2, Pd+4, Ag, Ag+l, Ag+2, Cd, Cd+2, In, |In+3,

Sn, Sn+2, Sn+4, Sb, Sb+3, Sb+5, Te, I, 1-1, Xe, GCs, Cs+1,

Ba, Ba+2, La, La+3, Ce, Ce+3, Ce+4, Pr, Pr+3, Pr+4, Nd,

Nd+3, Pm Pm+3, Sm Sm+3, Eu, Eu+2, Eu+3, Gd, Gd+3, Tb,

Tb+3, Dy, Dy+3, Ho, Ho+3, Er, Er+3, Tm Tm+3, Yb, Yb+2,

Yb+3, Lu, Lu+3, Hf, Hf +4, Ta, Ta+5, W W6, Re, GCs, Os+4,

lr, Ir+3, Ir+4, Pt, Pt+2, Pt+4, Au, Au+l, Au+3, Hg, Hg+1,
Hg+2, TI, TI+1, TI+3, Pb, Pb+2, Pb+4, Bi, Bi+3, Bi+5, Po,

At, Rn, Fr, Ra, Ra+2, Ac, Ac+3, Th, Th+4, Pa, U, U+3, U+4,
U+6, Np, Np+3, Np+4, Np+6, Pu, Pu+3, Pu+4, Pu+6, Am Cm Bk, C

newat ont ype Xxxx define scattering properties of atom xxxx

aval al a2 a3 a4 4 real nunbers (al,a2,a3,a4) fromliInternational Tables for
the nost recently defined newat ontype

bval bl b2 b3 b4 b val ues for newatontype (NOTE: not the same as BVALUE)

cval c c val ue for newat ontype
fprim xx f' value for newatontype
fprprv xx f" val ue for newatontype

Where the fo scattering fromthis atomis
cval + sum{i=1 to 4} (aval (i)*exp(-bval (i)*(sin(theta)/lanbda)**?2)
and the f" value is fprinv and the f"" value is fprprv
For CLUSTER conpounds, you may W sh to specify instead fprinv, fprprv,
plus 3 separate fornmulas, one for the f_o part of the scattering factor,
1 for NORMALI ZED f", and one for NORMALI ZED f"".
Al three of these quantities will depend strongly on scattering angle.

NOTE: when you put in a cluster conmpound, it is a good idea to | ook at
the formfactors as a function of sin(theta)/lanbda using the keyword

pl ot _fornfactors xxxx

The formul as used are:
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f o fornul a:

The "clus_aval ",

“clus_bval ", "clus_cval (1)" val ues

wi Il be used alnbst as for regular atons, but with 2 additional
factors cval (2) and cval (3) that put in a sinc function as described
in Fu et al., Cell 98, 799 (1999):

cl us_aval 4 real nunbers (al, a2, a3, a4)
cl us_bval 4 real nunbers
cl us_cval 3 real nunbers

fo= clus_cval (1) +
sinc(clus_cval (2)*(sin(theta)/lanbda)**clus_cval (3))**2 *
[sum{i=1 to 4} (clus_aval (i)*exp(-bval (i)*(sin(theta)/lanbda)**2)]

Note the sinc function nultiplies the whole sumover the aval/bval terns
but NOT the cval (1) term (it is unclear how this was done
in the Fu et al paper).

f* and f"" fornul as

clus_fp_aval 4 real nunbers (al, a2,a3,a4) for f"
clus_fp_bval 4 real nunbers

clus_fp_cval 3 real nunbers

clus_fpp_aval 4 real nunbers (al, a2,a3,a4) for f""
clus_fpp_bval 4 real nunbers

clus_fpp_cval 3 real nunbers

The fornmulas for f" and f"" are a little different so as to

preserve conpatibility with the definitions for nornmal atonms. The
definitions here are not used in the Fu et al article nentioned above.
In each case, the value used for f" and f""

inall the routines is equal to their INPUT values (fprim and fprprv or
fprimv_mad and f prprv_nad)

TIMES an overall formfactor given by (for f"):

formfactor= clus_fp_cval (1) +

clus_fp_cval (2)*sinc((sin(theta)/lanbda)**clus_fp_cval (3))**2 *
[sum{i=1 to 4} (clus_fp_aval (i)*exp(-bval (i)*(sin(theta)/lanbda)**2)]

and for f"":

formfactor= clus_fpp_cval (1) +

clus_fpp_cval (2)*sinc((sin(theta)/lanbda)**clus_fpp_cval (3))**2 *
[sum{i=1 to 4} (clus_fpp_aval (i)*exp(-bval (i)*(sin(theta)/lanbda)**2)]

Exanpl e of CLUSTER form factor input:
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newat ont ype wcl u

fprims/ 100.0 I fprime value, to be multiplied by clus_fp formfactor
fprprv 50.0 I fprime value, to be multiplied by clus fpp formfactor
clus_aval 2093 5109.4 -1197.1 5254.3 I formfactors for f_o scattering

clus_bval 509.3 -37.8 849.4 108.5
clus cval 184 30 1.2

clus_fp_aval 0.185886 0.453782 -0.10632 0.466651 ! formfactors for fprine
clus_fp_bval 509.3 -37.8 849.4 108.5
clus_fp_cval 184 30 1.2

clus_fpp_aval 0.185886 0.453782 -0.10632 0.466651 !formfactors, fdoubleprine
clus_fpp_bval 509.3 -37.8 849.4 108.5
clus fpp_cval 184 30 1.2

Exanpl e of CLUSTER form factor input for mad atom

Same as above for the newatontype. Then specify:
mad_at om wcl u

and for each wavel ength specify (just as usual)
fprim/ _mad 100.
fprprv_mad 50.

Then the clus_fp_aval etc will be applied to the fprinv_mad val ue, and the
clus fpp_aval etc will be applied to the fprprv_mad value as a function
of sin(theta)/l anbda.

mad_at om XXXxX nane of the anomal ously scattering atomis XXXxX.

fprim _nmad f' value for anomal ously scattering atomat a particul ar
wavel ength (nust be input after each wavel ength)

f prprv_nad f* value for a particul ar wavel ength

FI XSCATTFACTORS Fix scattering factors at their input values [default]

REFSCATTFACTORS refine scattering factors f' and f".

Heavy atom parameters

derivative n begin input of information for derivative/wavel ength n
This conmand is used to start entering information on a
derivative. |If you want to nodify sonmething after you' ve

gone on to another derivative then you need to use the
command GOTODERI V

| anbda n identical to derivative n

gotoderiv n go to previously specified derivative (wavel ength) n
and get readyto read sonme nodifications of the paraneters
for this derivative.
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LABEL text | abel for this wavel ength
| EGROUP n G oup of correlated derivatives that this derivative
bel ongs to. Determ ned automatically if GETGROUPS is set
DERSCALE Di viding scale factor applied to all this derivative data
after overall scale factor has been applied. DEFAULT=1.0
DERTEMP Dividing B-factor to apply to deriv data. DEFAULT =0.
S| GDERSCALE Scal e factor to apply to derivative signas after all above

scaling is applied. DEFAULT = 1.0

ATOWAME XXXX  XXXX is the atomtype of an atomto be refined.
Pl ease note: the f' and f" values in SOLVE s dat abase are
for lanbda=1.54 A. If you collected MR data at a
synchrotron then you should define a new atomtype with
NEWATOMTYPE and input the correct f' and f" val ues.
HI NT: you can get the aval, bval, and cval values for an
atom recogni zed by SOLVE by typi ng madat om [ at om nane] .

When you type ATOVWNAME, SOLVE assunes you are typing in a new
atomand it zeroes out all the paraneters for this new atom

If you want to go back to this atomlater (i.e., in another
cycle) use the keywords GOTODERI V and GOTOATOM to identify
this atom

When you have multiple sites for a particular derivative,
use ATOWANME XXXX for the first, then input all the data on
that site, then start the next site with ATOWAME YYYY, and
so forth.

got oat om n go to the n'th atomin this derivative/ wavel ength
and get ready to read sone nodifications of its paranmeters

OCCUPANCY  x Fractional occupancy of this atom
Note: if occupancy is equal to 0.000 or refines to 0.000,
the atomis ignored in refinenent.

BVALUE b Tenperature factor for this atom Anisotropic tenperature
factors are al so supported (just input 6 nunbers.)
NOTE: bval is not the same as bvalue. BVAL refers to
scattering factors for a newatontype.

XYZ XYy z Fractional coordinates of this atom
Note: if coordinates nove dramatically during refinenent,
the occupancy is set to zero and the atom i gnored.

PDB XYZ I N PDB file with orthogonal A coordinates

of all heavy-atons for this derivative/wavel ength

NOTE: you cannot use XYZ/ OCC/ BVALUE/ REFI NEMENT paraneters along with
pdb_xyz in.
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Control parametersfor HEAVY atom refinement and phasing

NO_SI M Do not use Simweighing with heavy-atom structure factors in
SAD

CORRELPHASE Use Bayesi an correlated MR phasing (default)

CGETGROUPS Aut omatical ly get groups of correlated derivatives for

correl ated MR phasing
| MADPHASE n wavel ength to phase using Bayesi an MAD phasi ng
(default =0, no Bayesi an MAD phasing). See description bel ow
n refers to the wavel ength to be defined as a reference.
Note that you cannot refine with nadphase, you can only phase.

Note: Flags for refinenment of a heavy atomare cunul ative, so you can
refine x and y using REFI NEX and REFI NEY.

Note: Flags for refinement of a heavy atom do not apply when the keyword
SOLVE is used (only with HEAVY)

REFI NENONE Don't refine anything...reset all the refinenment flags to zero
REFI NEALL Refi ne x,y, z, occupancy, and B

REFI NEOCCB Ref i ne occupancy and B

REFI NEXYZ Refine x,y,z

REFI NEX Refine x

REFI NEY Refine y

REFI NEZ Refine z

REFI NEOCC Ref i ne occupancy

REFI NEB Refine B

NOREFI NESCALE Do not refine overall scale factor. Default = refined

REFI NETEMP Refine B-factor applied to deriv data. DEFAULT= not refined
nsol site_deriv Maxi mum nunber of sites for this derivative only
cutoff _deriv 200. 3.5 resolution limts for this derivative/wavel ength only

RES PHASE 2. 2 hi gh-resolution |imt for phasing only

SN M N Set RES PHASE so that signal-to-noise is bigger than this

SN RATIO M N Set RES PHASE so that signal-to-noise is bigger than this
ratio tinmes the value at | owresol ution

| NPHASE i nclude this wavel ength/derivative in phasing.

NO NPHASE do not this include this derivative/wavel ength in phasing
I NANO I ncl ude anomal ous differences for current wavel ength/deriv
noanor ef i ne use anomal ous differences in phasing but not

refinement for this derivative

(this is usually the best option for MR

unl ess your anonal ous differences are really

big, as froma synchrotron MR dataset at an
absorption edge). Note: you still have to specify
for each derivative "inano" to include anonal ous
di fferences for that derivative.

anor efi ne For this derivative with "inano" specified, use

file:///C|/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/htmi/html_solve/manual/all_keywords.html (12 of 17)8/10/2005 3:47:14 PM



All keywords for SOLVE

| SOONLY

ANOONLY

I SOANO

KOUT

KDER

| ANGLE
| NANAL

I NRESD

o

N

X

n

anonmal ous di fferences in both refinenent and phasi ng.
This is best for MAD data. (This is the default also).
Applies to current derivative/ wavel ength

use only isonorphous differences in phasing and
refinement this deriv

use only anonmal ous di fferences in phasing and refinenment
this deriv

use bot h isonorphous and anonmal ous di fferences this deriv
(cancel s 1 SOONLY and ANOONLY) (defaul t)

type of output from HEAVY if any. DEFAULT = 0 (no binary output)

KOQUT. .. TYPE OF QUTPUT

NONE

.. DI FFERENCE FOURI ER FOR KDER
A=m( Fder - Fnat ) cos( Phi Best)
B=n{ Fder - f nat ) si n( Phi Best)
... ANOM DI FF FOURI ER FOR KDER
A=m( Del Ano) cos( Phi Best - 90)
B=n{ Del Ano) si n( Phi Best - 90)
... RESIDUAL MAP FOR KDER
A=n( Fder - | Fnat +FH| ) cos( Phi Best)
B=n{f der - | Fnat +FH| ) si n( Phi Best)
(where Fnat+FH i s the vector sum of Fnat
and the heavy atom FH)
... NATI VE FOURI ER
A=m( Fnat ) cos( Phi Best)

B=n{ Fnat ) si n( Phi Best )
.. PHASES AND FI GURE OF MERI T and f nat

Phi Best (i n degrees), Phi MostProbabl e,
and figure of nerit, and Fnat

Fnat, phi best, phi nost probable, figure of

merit, HENDRI CKSON- LATTMAN COEFFS
... HEAVY ATOM S. FACTORS FOR KDER
A, B= real and inmaginary parts of normal scattering from heavy atom
C, D=real and inmaginary parts of anomal ous scattering
NOTE: methe figure of merit, PhiBest is the "Best" phase,
Phi Most Probabl e is the the nost probabl e phase.

derivative n is to be included in output

phasi ng angl e, m ni nunm=5, default=5
PHASE ANALYSIS. DEFAULT=0

1 for printing of extensive heavy atom statistics

RESI DUAL AND STATI STICS. DEFAULT = 0
-1 No residuals or statistics cal cul at ed.

0

zeroth cycle added before first refinenment
cycle. During zeroth cycle residuals and
statistics are cal culated and printed.

No statistics are cal cul ated on ot her cycles.
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INCSIG n

I NHEND n

I NPRNT n

JALT n

KALT n

NCYCLE n

| REFCY n

| HEAVYPROC n

1 Resi dual s and statistics cal cul ated every
cycle and printed according to | NPRNT.
Note: residuals are only cal cul ated for
derivatives with | NPHAS = 1.
USE OF SI GVAS. DEFAULT = 0 (use sigmas).
1 if sigmas frominput data file are not to be used.
USE OF HENDRI CKSON- LATTMAN COEFFI Cl ENTS. DEFAULT=0 (don't use)
1 if Hendrickson-Lattman coefficients are to be cal cul ated and
used for phasing instead of Bl ow Crick phasing.
HEAVY does not do phase conbination. |f KOUT=8 and
| NHEND=1, then standard HL ABCD are output. If KOUT=8 and
| NHEND=0, then HL ABCD are fit by |east squares to the
phase probability distribution.
PRI NTI NG OF SHI FTS. DEFAULT =0 (don't print)
1 if shifts (and statistics, if any) are
to be printed on every cycle. Default
is to print statistics on first cycle,
shifts and statistics on |ast.
USE OF PHASES I N REFI NEMENT. DEFAULT = 0 (Patterson refinenent)
O is to use origin-renoved Patterson refinenent.
1 is to use phase refinenment at nost probabl e phase
JALT and KALT are set automatically to O
if you use a procedure (I HEAVYPROC > 0)

USE OF DERI VATI VE BEI NG REFI NED I N PHASI NG DEFAULT=0(don't use)
O is not to use derivative being refined in phases
1 is to use all available derivatives in phasing
JALT and KALT are set automatically to O
if you use a procedure (I HEAVYPROC > 0)

Nunber of cycles of refinenment to be carried out if a
PROCEDURE i s NOT used (see | HEAVYPROC). WMaxi mum = 30
Default = 0
Li st of derivative nunbers to be refined during the NCYCLE
cycles of refinenent if a procedure is NOT used. Default =0
i.e., 1,1,1,1,0 neans refine deriv #1 on cycles 1-4 and
cal cul ate phases, get residuals, figure of nerit, etc
on cycle #5. Note that you don't get these statistics on
cycles in which you refine with Patterson refinenent.

RUN a procedure with HEAVY. Default =5 (refine everything)

Avai | abl e procedures:

1 = NREP cycl es of refinenent of each deriv that has | NPHASE
specified, refining only occupancy.

2 =as 1, but refining only xyz. Fixes coordinates of best
atomin each deriv in polar space group in polar directions
unl ess another atomis already fixed by user.

as 2, but refining xyz and occ

as 3, but refining xyz, occ, B

1, then 2, then 3, then 4

phased refinement to obtain relative coordi nates anong

derivatives for polar directions in polar space groups.

o0k W
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Fi x and phase with best derivative. Refine just coordinates
in polar directions for all other derivatives wth | NPHASE
specified. This should be followed by #5 agai n.
Not e: when you use this procedure you nust still set which
refinenent flags you want to (ever) be refined. The
procedures only turn OFF flags, they do not turn on ones
you have never set.

NREP n # of refinenents of each deriv in procedures with
| HEAVYPROC > 0 (def aul t =5)

SVALL XX mninmmratio of derivative structure factor anplitude
(F Deriv) to RVs | ack-of-closure for use in
refinement or residuals. DEFAULT=O0.

FM N XX m ni mum native F for any action. Default=0.

FOW N  xx m ninmum figure of nerit for use in phased
portion of refinement. Default =0.

BMAX maxi mum al | owed bval ue default = 60

BM N m ni rum al | owed bval ue default = 15

THR XX Keywords to set threshold and danmping factors for shifts:

ACL XX if SH FT > THR *signa of SHI FT, SHI FT=SHI FT* ACL

Defaults are 0. and 0.5

FSIGM N xx MNMMratio of F/sig to include. DEFAULT =1.0

NNATF n col um nunber in input file for native F

NNATS n col um nunber for signma of native F

NNATF_DERI V n col um nunber for native F that pairs with this derivative
NNATS_DERI V n sigma of native F that pairs with this derivative

NBST n optional colum nunber for "best" phase in input file
NVP n optional colum nunber for nost probable phase in input file
NFI GV n optional colum nunber for figure of merit in input file

Note: if you set NFIGMfor routine HEAVY it will be
applied in MAPS too. Be sure you reset it to the value you
want .

I NOLD n Fl ag for using phases frominput file in phasing when they
are not available fromcurrent data. default = 0. To use
i nput phases, inold=1

ANATSCALE xx Overall scale factor applied to ALL data before any
ot her scaling. DEFAULT = 1.0

SI GNATSCALE  xx Scal e factor applied to native signas after overall scaling
DEFAULT = 1.0

El S Optional list of estimated rns i sonorphous | ack-of-closure
residuals in 8 resolution ranges
EAD Optional list of estimated rns anonal ous | ack-of -cl osure

residuals in 8 resolution ranges
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FPHBAR Optional list of estimated rns derivative Fin 8
resol uti on ranges

FHBAR Optional list of estimated rns heavy atomF in 8
resol uti on ranges

SI GBAR Optional list of estimated rns derivative sigma in 8

resol ution ranges
USE_F_BI NS Use |F| and resolution to set bins for phasing statistics

(only used internally, does not affect printout)

NO USE F_BI NS Use only resolution to set bins for phasing statistics
N_F_BI NS Nunber of bins (for each resolution range) based on F for
phasi ng

Control parameters for HASSP

sear chregi on region to search (xs, xe,ys,ye, zs,ze) (default = region
covered by the FFTGRI D)

i hassptype n control of what is to be done (default=0)
0 search for single-site solutions, then 2-sites
2 search for single-site solutions
5 same as O
-5 use trial solutions given in keyword trialsite
as trial cross-vectors
-6 use trial sites givenin trialsite as a
trial solution. evaluate it and | ook for nore
sites
di scrm xx rati o of peak hei ght over surroundi ngs to use
(defaul t=1.0)

i Cr max n maxi mum # of peaks to try in 2-site search (default=10)
nospec n control over ignoring symetry #' s of special positions
(defaul t=0, do not ignore)
nsi gnf n O if significance of peaks is to be tested (default=0)
spat XX m ni mum probability for non-randommess to keep a peak

in routine "patpk". (default=0.0)
ssin XX as spat, but for single-site searches (default=0.0)
sdub XX as spat, for two-site searches (default=0.95)
strp XX as spat, for 3-site searches (default=0.0)
ssft XX as spat, for sifting through 3-site solutions

(def aul t =0. 95)

i hasspl i st print out value of patterson function
at every predicted self- and cross-vector for every
solution. this is very hel pful for analyzing a
solution in detail. default =0 (not to print out).
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trialsite XYy z fractional coordinates of a trial site or cross vector
(read in if ihassptype < 0)

nt ophassp n a maxi mumof n solutions will be saved in routines
that use hassp output to build up solutions

Si gma_renove n peaks | abelled with uvw renove will be set to this val ue
uvw_renove U Vv w n renove this uvw peak fromthe Patterson (set to
si gna_r enove*si gna)

Working with maps

PATTERSON this is a Patterson map
FOURI ER this is a fourier map

Grids used for FFT calculations

FFTGRID xs xe xtotal ys ye ytotal zs ze ztotal grid for FFT cal cul ations
PATTGRI D xs xe xtotal ys ye ytotal zs ze ztotal grid for Patterson

EZDGRI D xs xe ys ye zs ze grid for NEWEZD map
BOSSGRI D xs xe ys ye zZs ze grid for MAPVI EW map .

Control parameters for GENERATE

coordinatefile pdb file with coordi nates for CGENERATE

percent _error % error added to intensities in GENERATE

cell _derivative a b ¢ al pha beta gamma (only for generate mr) cell paraneters for
this derivative.
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Contents I ndex

How SOLVE works
MAD structure determination and overall SOLVE operation

The real power of the SOLVE package is the automated solution of MAD and MIR datasets. For aMAD
dataset, all you need to do istell the program about your space group and cell dimensions, where the
unscaled intensity data files are, and what the scattering factors are for the MAD dataset. The program
scales the data using localscaling in SCALE MAD , calculates difference Patterson maps, compresses
the MAD datainto SIRAS-like datausing MADMRG, calculates an optimized Bayesian heavy-atom
Patterson using MADBST, and iteratively builds up and scores potential heavy-atom solutions for the
MAD dataset with the SOLVE routine. Potential solutions are scored on the basis of (1) agreement with
the Patterson, (2) "free" difference Fouriers, (3) the presence of "solvent" and "protein” regionsin a
native electron density map, and (4) the figure of merit of phasing.

SOLVE can either look exhaustively for solutions (trying all possible additions/deletions/inversions etc)
or elsejust follow the best solution and keep adding on to it. The default isto follow the best solution
(keyword is"mediumquick™), and SOLVE keeps looking at seeds until this process leads to a result with
afigure of merit > 0.5 and aZ-score over 10. If you set the "veryquick" keyword, SOLVE will just look
at one seed this way.

Final phases for the top solutions are written out along with Hendrickson-L attman coefficients for
calculating maps and solvent flattening. SOLVE refines scattering factors for the MAD data after heavy-
atom parameters are found by comparing the effective occupancies of sites when refined against each
possible set of dispersive or anomalous differences. SOLVE calculates final phases using Bayesian
correlated MAD phasing.

SAD structure determination

SAD datais single-wavelength data with anomal ous differences. SOLVE treats SAD data as a native
(the averaged F+ and F-) and anomal ously-scattering derivative (F+, F-) where the f' valueis zero and
thef" valueis non-zero. The heavy-atom sites are found using the anomal ous differences and phasing
uses just the anomalous differences. Scattering factors are not refined. SAD phases require solvent
flattening or other density modification before they are useful. RESOLVE works very well for SAD

data

MIR structure deter mination
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MIR structure determination is amost the same as for MAD structure determination. The program scales
the data using localscaling in SCALE _NATIVE and SCALE MIR, calculates difference Patterson
maps, and iteratively builds up and scores potential heavy-atom solutions for the MAD dataset with the
SOLVE routine.

Combinations of multiple MAD or MIR datasets

SOLVE can treat multiple MAD or MIR datasets by converting them into one super-dataset that uses
each native dataset other than the first one as a pseudo- derivative with no heavy atom. Then it uses
correlated bayesian phasing to take into account any non-isomorphisms among the different datasets. In
this way you can combine several MAD datasets, several MIR datasets, or MAD and MIR datasets. See
the command COMBINE.

Datasets with anomalously-scattering native

SOLVE treats native datasets with anomal ously-scattering atoms as two datasets. Y ou enter the same
datatwice, once asa"native", and again as a"derivative' for which you specify a new heavy atom type
with a zero real part and a non-zero imaginary part.
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Contents I ndex

Data formats for automated structure deter mination with SOLVE
Y our choices about input data include:

. Premerged or unmerged data?
. Onedatafile or more per dataset?
. What dataformat? Intensities or amplitudes? (Scalepack, formatted, CCP4 mtz, d*trek)

. Anadditional file with phases (i.e. from MR)?

These choices ar e discussed below in mor e detail. See also the SAMPLE SCRIPTS.

Should you merge your data to the asymmetric unit before running SOLVE?

. SOLVE can read unmerged data or data merged to the asymmetric unit.
o PREMERGED dataisbest if your datais already well scaled
o UNMERGED dataisbest if your data has not been thoroughly scaled already

Can you input more than one data file for a native, derivative, or wavelength?

. For each native, derivative, or wavelength dataset, you can input one or more separate datafiles.
o If adataset hasjust one datafile, just read in the datafile
o If adataset consists of several datafiles, just read them in one after another

What data format? Amplitudes or intensities?

. if you have DENZO/SCALEPACK output as your raw data...
o ...andthedataisNOT MERGED to the asymmetric unit, you will use the flags:
« READDENZO
« UNMERGED
« READ INTENSITIES
o if thedataisALREADY MERGED to the asymmetric unit, substitute the flag:
« PREMERGED

. if you have FREE-FORMAT intensities or amplitudes as your raw data...
o ..andthedatalookslike: H K L | SIGMA, use the flags
« READFORMATTED
« UNMERGED
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« READ_INTENSITIES

o if thedatalookslike: H K L I+ SIGMA+ |- SIGMA-, substitute the flag:
« PREMERGED

o if you have free-format F(hkl) instead of intensities:
=« Substitute the flag READ_AMPLITUDES

. if you have a CCP4 MTZ file with amplitudes scaled and reduced to the asymmetric unit as your

raw data...
o You will have to make sure that this mtz file contains only the data you want and not lots
of other columns of data
1 Note what you have called your data columns
o The column names that SOLVE will want assigned are:
« MAD data
« FPH1 (amplitude at wavelength 1)

SIGFPH1 (sigmaof FPH1)

DPH1 (anomalous difference wavelength 1)

» SIGDPH1 (sigmaof DPH1)

FPH2 (etc for wavelength 2, 3 ...)

- MIR data:
« FP (amplitude for native)
« SIGFP (sigmaof FP)
» FPH1 (amplitude for deriv 1)
» SIGFPH1 (sigmaof FPH1)
« DPH1 (anomalous difference deriv 1)
« SIGDPH1 (sigmaof DPH1)
FPH2 (etc for derivs 2, 3 ..))

0 usetheflags LABIN and HKLIN to tell SOLVE how to read your mtz file. Y ou can use
multiple LABIN statementsif you can't fitit al on oneline. A sample LABIN statement
where native F is called FP and sigmais SIG and deriv Fis called FHG and sig of deriv F
IS SIGHG and anom diff for deriv iscalled DELHG and itssigmais SIGDELHG and with
an input file of input.mtz is:

« LABIN FP=FP SIGFP=SIG FPH1=FHG SIGFPH1=SIGHG

« LABIN DPH1=DELHG SIGDPH1=SIGDELHG

« HKLIN input.mtz

« NOTE: use uppercase letters (unless your column names are lowercase) because
case matters here

o SOLVE figuresout if thisisMIR or MAD data based on whether or not you define FP and
SIGFP.

1 When SOLVE reads the HKLIN statement it will read in the file using the information in
all previous LABIN statements. HKLIN can be specified only once in a solve run.

o You do not need to input cell dimensions or space group if you use HKLIN. The values
read from the mtz file are used unless you change them with a keyword after the HKLIN
statement. SOLV E writes out a symmetry filein the local directory based on the symmetry
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information in the mtz file that you can use later if you wish. It is named with the space
group name.

o NOTE: remove the SCALE_MAD command from your script file as your datais assumed
to be scaled already

. if you have aset of CCP4 MTZ fileswith unmerged intensities (LABIN 1= SIGI=SIGl)use the
flag:
« READCCP4 UNMERGED !(instead of readdenzo or readformatted or readtrek)
« Enter datafile namesjust as for readdenzo or premerged
= You may not specify aLABIN line with this option. Y our mtz file must contain |
and SIGI as the column |abels.

. if you have ad* TREK file with intensities as your raw data...
1 usetheflag READTREK (just one flag needed)

What if | have phases from molecular replacement?

. If you have an "mtz" file containing FC PHIC FOM then specify (myFC isyour column name for
FC, etc):
s PHASES LABIN FC=myFC PHIC=myPHIC FOM=myFOM
o PHASES MTZ xxxx.mtz
. If you have aformatted file with H K L FC PHIC FOM (one record per line; there can betext in
between the numbers, such asin CNS or X-PLOR formatted files), then specify:
1 PHASES FORMATTED xxxxx.fmt
. That'sit. Put these lines somewhere in your input file before "SOLVE" and SOLVE will read in
these phases and use them ininitial difference Fouriersto find sites.
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I ntroduction to SOLVE
What SOLVE does

SOLVE isaprogram that can carry out all the steps of structure determination for MAD and MIR, starting with raw
intensities (e.g., Scalepack output), and ending with phases and a NEWEZD €lectron density map that you can read right
into "O". SOLVE can make all the decisions in this process and come up with amap all by itself if you want. On the other
hand, if you know something about your system that SOLV E doesn't seem to realize, you can guide it through the process
by editing script files that SOLV E writes out and continuing in the fashion that you choose.

To use SOLVE on your data, first read the rest of this introduction and the Getting Started section that follows. Then go
right on to Automated structure determination to solve your structure.

To get an idea of what SOLVE does, you might want to have alook at some examples of MAD and MIR structure
solutions using SOLVE.

Then you might want to try SOLVE out on some test datain your space group using the GENERATE feature. This allows
you to create aMAD or MIR dataset with any heavy atom sites you want and then run SOLVE on it. If you start with a

PDB coordinate file, you can generate a dataset, solve it, and use "O" to display the EZD electron density map that
SOLVE creates along with the correct structure.

Getting Started

[Scripts | Useful commands | Symmetry files | Datafiles ]

[ Your license [SOLVEDIR, SOLVETMPDIR, CCP4 OPEN environmental variables| More help]

Scripts

This manual is set up to provide you with short scripts that you can edit to carry out MIR and MAD structure
determinations and to carry out any of the other functions of SOLVE.

If you want, you can put the standard information for your dataset in to afile "solve.setup”:

R sol ve. setup: standard setup for a dataset --------------
SYMFI LE /usr/local/lib/solvel/c2.sym I symmetry file for this space group

I (nmpbst common space groups should be in
! this directory)

I a, b, c, alpha, beta, gama

I Resolution limts in A

CELL 76.08 27.97 42.08 90 103.2 90
RESOLUTI ON 3 20
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Now each time you start up SOLVE, just type: @solve.setup and the program will read in thisinformation. Y ou can put
any keywords or commands into script files that you can type at the terminal. Y ou can also put this information right into
your scripts for running SOLVE if you prefer.

Useful commands and information about running SOLVE
The "solve.status’ file

SOLVE continuously updates afile called "solve.status' in your working directory. The tail end of the file shows the
current status of your SOLVE job. You may find it convenient in unix to open awindow, get in this directory, and type
"tail -30f solve.status'. Thiswill continuously update your screen with the current status of SOLVE. In general, good
datasets take alot less time than poor ones because SOLV E recognizes a correct partial solution very early in agood
dataset and can just follow it until al the sites are found.

The "solve.control" file

SOLVE will read afile called "solve.control" in your working directory whileit is running. Thisfile can be used to tell
SOLVE to finish up as soon as practical if you think it has found the best solution already and you don't want it to keep
looking any longer. Once SOLVE hasread the file it writes the keyword IGNORE at the end of the file. Thistellsit not to
read the file again (until you delete or comment out the keyword IGNORE). The most useful commands that can be read
from thisfile are:

[ eeeeeee- sol ve.control: control solve operation in real time--------------

FI NI SH I finish up cleanly as soon as possible (do not | ook for any new
sol uti ons)

NTOPSOLVE n I only consider n solutions at a tine

NSEEDSCOLVE n I only use n seeds as starting points for SCLVE

NTOPDERI V n I only try out up to n peaks froma difference Fourier when addi ng

I on new sites to a solution
Useful commands
Some commands that you might find useful right away are "Help", "?' "@" and "History".
HELP will print out alist of available commands.
? [keyword or command)]
?ALL will print out alist of all keywords applying to each command and the keyword values.

? followed by a command will print out alist of al keywords that apply to that command and their values. Example: "?
maps” will list all keywords that apply to "MAPS".

? followed by a keyword will print out the value of that keyword. Example: "2cell” will print out the current cell constants
a, b, ¢, alpha, beta, gamma. Thisis useful for making sure that the values are what you think they are and for finding out
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what the defaults are.
@ filename

The"@" symbol isused to read in the contents of afile as commands. In the above example, "filename" will be opened
and interpreted as keywords and commands just asif they were entered from the terminal.

HISTORY

This command will print out alist of the most recent commands and keywords input. The number listed is controlled by
the keyword NLIST. Example:

nlist 100
hi story

will print out the 100 most recent commands and keywords.
Abbreviating commands

Y ou can abbreviate commands as long as what you type is unique. That is, you can type "hist" and SOLVE will recognize
thisas "history". Any text appearing after a"!" or a"[" on akeyword or command lineisignored. This lets you enter
comments in your script files. SOLVE reads commands one line at atime. This means any information for a keyword has
to appear on the same line as the keyword. Also you can only enter one keyword per line. Y ou can end the program by
typing "stop".

Alias

If you don't like a command name SOLVE uses, you can create an alias of your choice. For example, if you tell SOLVE:

alias quit stop

then any time you type "quit", SOLVE will interpret thisas "stop” (and it will stop). If you want to know what the current
aliases are, type,

?al i as
and SOLVE will list them for you.
Running more than one SOLVE job at a time.

Y ou can run more than one SOLVE job on your computer at one time, but they must be in separate directories. Thisis
because SOLVE writes out lots of temporary files with standard names and they would be mixed up if two jobs were
running simultaneously in one directory.

Symmetry files

Y ou need to tell SOLVE about your space group symmetry with a symmetry file using the information in the
International Tables. The directory /usr/local/lib/solve (or else the directory named if you type "echo $SOLVEDIR") on
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your computer should contain the most common space groups as they are supplied with the installation of SOLVE.
Here isthe symmetry file for space group C2 which you would find in "/usr/local/lib/solve/c2.sym":

4 I Line 1 of the file is the nunber of symetry elenents to foll ow
X,Y,2Z

-X,Y,-2

x+1/2,y+1/ 2, z

-x+1/2,y+1/ 2, -z

Enter theidentity "x,y,z" asthe first operation always. For centered cells, enter the members of the centered setsin the
same order for each centering operation.

NOTE: dashes (-) and underscores (_) in the space group file name have meanings. Don't confuse r3.sym with r-3.sym!

For space groups like P2/m that contain slashes, the space group file name has an underscore instead of the slash (p2_m.
symis P2/m). Similarly, for space groups like P1-bar, the file name for the space group has a dash (p-1.symis p1-bar)

Data Files

The datafiles used by SOLVE are binary. To look at one, you can use the keywords"INFILE", "NLIST", and "VIEW".
Hereisascript to look at the file "data.drg”:

I script file to VIEWa .drg file
@ol ve. set up

| NFI LE data.drg

NLI ST 20

VI EW

If you want to convert SOLVE datafiles to another format, then you can use the IMPORT and EXPORT commands. See
the "Importing and Exporting data” section for details on this and for details on converting binary maps to other formats.

If you want to look at all occurrences of the reflection -1 3 6" and its symmetry equivalents, you can use the keyword
"HKL_VIEW" with "NLIST -1":

I script file to VIEWa reflection and symequivalents in .drg file
@ol ve. set up
| NFI LE data.drg

NLI ST -1
HKL -1 3 6
VI EW
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For automated analysis of MAD and MIR data, you can start with Scalepack output or other formatted data. If you used
mosflm and have an .mtz file with your data, you can read that right into SOLVE as well.

For other operations of SOLVE, you will need to IMPORT your datainto "dorgbn-style" files. See the description of
"IMPORT" later in this documentation. Missing datais represented by either "-1.0" or "0.0" in this package.

Your license
Users of SOLVE areissued an "solve2.access' license file that looks like:

Li cense for SOLVE expiring 3-jan-1999
AX9481VA991

Y ou should name your license file "solve2.access' and put it in the directory named in the environmental variable
"SOLVEDIR" (see below). That is, if you type "echo $SOLVEDIR" and your computer responds "/usr/local/lib/solve"
then your license file should be located in "/usr/local/lib/solve/solve2.access'.

The SOLVEDIR, SOLVETMPDIR and CCP4_OPEN environmental variables

SOLVE expectsto find the file "solve2.access' and your symmetry files (e.g., c2.sym) in your working directory or else
in the directory named by the environmental variable "SOLVEDIR". If you put these filesin the directory "/usr/local/lib/
solve" then you should add a line something like the following to your .cshrc or .cshrc_custom login file (or the
corresponding files if you use another shell):

setenv SOLVEDI R /usr/local/lib/solve

Y ou should then be able to check that the variable is set by typing

echo $SOLVEDI R

and your computer should respond

fusr/local/lib/solve

By default, SOLVE writes temporary filesin your working directory. If you are running on one machine and your
directories are on another, this can slow SOLVE down. SOLVE now alowsyou to set a SOLVETMPDIR environmental
variable that specifies where these files are written. Y ou can set it to a directory on your local machine to speed up
SOLVE. (If the directory does not exist, solve will stop.)

setenv SOLVETMPDIR /var/tnp
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SOLVE now uses ccp4 library routines. To alow overwriting of existing files, you need to set the CCP4_OPEN
environmental variable:

set env CCP4_OPEN UNKNOMN
Getting more help

Y ou can get more help with this program and report bugs by emailing the SOLV E/Resolve mailing list. Y ou can also
email the author at "terwilliger@LANL.gov". Before you do this, however, please check that you have the most recent
version of the program and documentation as your bug may already have been corrected.
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Auto -- Automated structure determination (with sample input files)

Contents I ndex

Answersto SOLVE Frequently-asked questions

Where can | find all the questions and answers that have been sent to the SOLVE/RESOLVE
newsgroup?" ?

Y ou can find them archived at Jiansheng Jiang's very nice site at http://asdp.bnl.gov. On that site, click
the blue button "BBnML" (Bulletin Boards and Mailing Lists) and then click "solve" under the Archive
column.

Where is SYMINFO?

SOLVE/RESOLVE versions 2.08 and higher use the CCP4 version 5.0 libraries. These require both
SYMOP and SYMINFO to be defined. (They are both symmetry libraries). They can be defined (if you
are using csh, for example) with:

setenv SYMOP /usr/local/lib/solvel/synmop.lib
setenv SYM NFO /usr/local/lib/solve/symnfo.lib

What should | try if SOLVE cannot solve my MAD dataset?

Try the SAD script right away if using your MAD datafails. In many cases, the data for the wavelengths
collected later are severely affected by crystal decay, and in these cases using just the first wavelength
collected (hopefully at the peak wavelength) may work much better than using all the data.

What isthe best way to tell if my data are good?
For MAD data, have alook at the correlation of anomalous differences. See the table in the beta-

catenin dataset for example. For MIR data, check that your R-factors between derivative and native start
out large at low resolution, get smaller, and then finally get bigger again (the last rise is due to the errors
in measurement and indicate where to cut off).

For SOLVE version 2.01 and higher, you can look at the analysis of signal-to-noise in the datalisted in
solve.prt. SOLVE estimates the noise from the sigmas in the data and the signal from MAD anomalous
or dispersive differences, and from SAD anomalous differences. Note: If the sgmasin the dataare
clearly overestimated (rms(sigma) > rms (difference) then SOLVE rescales al the sigmas so asto yield
rms(sigma)=rms(difference) in the highest resolution shell.

Can | input sitesthat | already know into SOLVE? Yes, you can. You just put them right in under the
correct wavelength or derivative, add the keywords "addsolve" or "analyze solve' before the scaling
command, and SOLVE will use them to find new sites (addsolve) or to refine and calculate phases
(analyze solve). See addsolve and analyze solve instructions for examples.
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Can | usea solution at low resolution to run SOLVE at high resolution? Y es, you can. The easiest way
iIswith addsolve and analyze solve.

What do " checksolve" and " comparisonfile® do? Checksolve tells SOLVE to compare all the
solutions it gets with the one that you input. SOLVE finds the origin (and hand, if you do not have
anomalous data) that best matches itstrial solutions with the one you entered, and reports the solution
relative to thisorigin and hand. Comparisonfile allows you to input an FFT that SOLVE has previously
calculated (at the same resolution as SOLVE is working); in combination with checksolve, SOLVE will
calculate the correlation coefficient of every map that it examines to the one you input. Thisis handy
when you have used "generate" to create a dataset.

Will SOLVE give methe right hand for my structure? Usually if you have good anomal ous differences
and MAD data, then yes, SOLVE will give you the correct hand. For SAD data, it is common for
SOLVE not to get the correct hand. Run RESOLVE or the RESOLVE BUILD script. after SOLVE,
and if it failsto build anything useful, rerun SOLVE with analyze solve and use the heavy-atom sites
located in "solve inverse.xyz" which are just the inverse of the sitesin your original SOLVE run. In
very rare cases your anomalous differences might be reversed (due to incorrect analysis of data or
detector hooked up backwards). In that case you can use "swap _ano" to reverse the signs of the

differences.

How do | get a bigger version of SOLVE? The distribution comes with the regular sized SOLVE and
solve giant and solve huge. Try thesefirst. If you need even a bigger version, then email me at_

terwilliger@lanl.gov and I'll give you the source so you can compile a bigger version. Y ou will need the
CCP4 library file libccp4.ato compile SOLVE.

Do | need a new accessfilefor a new version of SOLVE? No, the same accessfileis good for all
versions from version 2.0 through 2.99. If you are upgrading from version 1 to version 2, yes you do
need a new access file (and the new one goesin "solve2.access").

Why will SOLVE read my solve2.access file but not RESOLVE ? Thisis abug triggered by not having
acarriage return after the access code on the second line of solve2.access. Just put in the carriage return
and it should work for RESOLVE too. Sorry!

Why do | have to set BMIN=0 for high-resolution SAD data or other high-resolution data? Y ou just
need to do thisfor SOLVE versions earlier than 2.03 (20-Sept-2002). The reason is that the default
minimum B value for heavy-atom site is B=15. For high-resolution data, typically B values are 5-10 so
this default is much too high. If you set BMIN=0 then SOLVE can properly refine these B values. For
version 2.03 and higher, the default is 2.
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Wheredo | get f' and " scattering factors? The best place to get f' and f* values for your MAD
experiment is from the beamline staff where you collected your data. They will usually have made
careful measurements of these for standard settings on their beamline, so if you do a Se experiment, for
example, their values should be very good. Y ou can also measure X-ray fluorescence from your own
crystal and use the Kramers-Kronig transformation to estimate these values with the same programs the
beamline staff used for their standard cases.

SOLVE does use thef' and f" values and they are very important. The wavelength values are not used in
any important ways by SOLVE

Wheredo | get scattering factors for atoms that SOLVE has not heard of? They are on pp. 500-501 of
Volume C of the international tables. For example (Nb:)

NEWATOMTY PE NB

AVAL 17.6142 12.0144 4.04183 3.53346
BVAL 1.18865 11.7660 0.204785 69.7957
CVAL 3.75591

FPRIMV -.248

FPRPRV 2.48

Why are the figures of merit in the solve.status file not quite the same as the final values? The reason
that the final phases|ook better for MAD data than the ones reported in the solve.status file is that
SOLVE calculates phases at the very end using bayesian correlated mad phasing, which gives much
better phases than the SIRA S-like phases used during the main part of the run (when the solve.statusfile
isbeing written). The reason the full phasing is not used al thetimeisthat it is very slow.

Should | use all my data, or just the good data? Though it would be nice to use al the data, it isfar
better to use just the good data. Unless your sigmas are perfect and the statistics were done perfectly, it is
really hard to get rid of the interference caused by data containing noise and essentially no signal.

Will SOLVE use NCS? Regrettably, no.

Why should | use NO MERGE ORIGINAL INDEX in scalepack? Y ou should use "no merge origina
index" in scalepack so that SOLVE can re-scale the data with local scaling. This flag tells scalepack to
write out the place in reciprocal space that each reflection was measured. Then SOLVE can compare it

to its neighborsin reciprocal space.

Can | compare Z-scoresfor SOLVE runsin different space groups? At different resolutions? No, Z-
scores are relative and therefore cannot be compared for different space groups or resolutions.

Can | read in data in 2 different formats? Unfortunately not.
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Can | convert solvefileslike mad_fbar.scl into mtz files? Yes, you can. You will need to use "export"
to export the datato aflat file, then use the ccp4 routine f2mtz to import into mtz.

Can | look at my patterson maps? Yes, you can. SOLVE writes some of them out as".ezd" fileswhich
you can read right into "O" or convert to anything else with "mapman”. Others you can convert to ezd

with "ffttoezd".

Why do | get an execution error with no output when | try to run SOLVE? On an SGl, if you run a
version of solve that does not match your computer, you get an "exec error”. Try aversion of solvefor a
lower version of your machine (i.e., r5000 instead of r12000).

Why does SOLVE say CELL DIMENSION <1 OR > 1000 FOUND? This happens if you try to use a
really huge unit cell that SOLVE didn't expect. You'll have to cut back on the resolution a bit if it
happens.

Why does SOLVE say /shin/loader: Fatal Error: set_program_attributes failed to set heap start? This
isan error that your Compag Alphamight give you if you don't have enough memory allocated to you.
The solution isto add aline to your .cshrc file that just says: "unlimit". Thistells the system to give you
all available resources.

Why doesn't COMBINE_ALL work for me? For combine all to work, you have to be sure and input
two or more complete datasets, separated by "new_dataset”.

Why can't | use COMBINE_ALL_DATA with mtzfiles? SOLVE won't let you read in more than one
mtz file, unfortunately. Sorry about thislimitation. This means you can't use COMBINE with mtz files.
Y ou would need to dump your mtz datainto flat filesand read it in with "readformatted” instead.

Why can't SOLVE find 2 sites that are close together? SOLVE won't let you find sites that are closer
than a specified number of grid units. The distance depends on the grid size, which istypically 1/3 the
resolution. The default ("ntol_site") is 8, or about 2 to 3x the resolution. Y ou can decrease it if you
want; in which case SOLVE will have to consider more solutions and may have trouble identifying the
best.

What does it mean when SOLVE says" error in reading thisfile" when reading a scalepack file ?
When SOLVE encounters "********" in g datafile it will give you this error message. In scalepack (.
sca) filesthis occursif thereis areflection with avery large intensity that does not fit in the format of the
file. One solution isjust to edit the .scafile to remove these lines. Another isto re-run scalepack,
specifying a scale factor to apply to al the intensities. Y ou can do this with the keyword:

scale factor 10.0

in Scalepack.
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Licensing for commercial organizations

For commercial institutions, you need to contact our licensing office to obtain the forms. Please contact
T. Allen Morrisin the Technology Transfer Division at the address:

T. Allen Morris

Industrial Business Development Division Office, MS C334
Los Alamos National Laboratory

Los Alamos, NM 87545

Tel: 505-665-9597
Fax: 505-665-0154

email: tamorris@lanl.gov
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Back to RESOLVE table of contents

Running RESOLVE

. Summar

. Abasic script

. Notes on input/output mtz files

. Keywords for RESOLVE

. Keywords for RESOLVE PATTERN

Summary
Torun RESOLVE, you need:

. SOLVE and RESOLVE installed on your computer

. the CCP4 suite installed on your computer (or at least the file "symop.lib" somewhere)

. ACCP4 mtzfilewith at least FP, PHI, FOM for your dataset

. An estimate of the solvent content of your crystal

. To set the CCP4 environmental variables for file control and symmetry (modifying as appropriate for the location of symop.
lib on your system):

setenv SYMOP /usr/local/lib/solvel/synmop.lib
setenv SYM NFO /usr/local/lib/solvel/symnfo.lib
set env CCP4_OPEN UNKNOWN

The most basic RESOLVE script (see the sample scripts for more cases):

#!/ bi n/ csh

#

# Here is a minimal script to run RESOLVE on MAD/ M R/ SAD et c dat a:
#

# Set CCP4 variables for symmetry information and
# for file handling:

#

setenv SYMOP /usr/local/lib/solvel/symop.lib
setenv SYM NFO /usr/local/lib/solve/symnfo.lib
setenv CCP4_OPEN UNKNOMN

#

# Now run RESCLVE:

#

resol ve<<eCD

hklin solve.ntz
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LABI N FP=FP PHI B=PH B FOVMEFOM HLA=HLA HLB=HLB HLC=HLC HLD=HLD

hkl out resol ve.ntz

sol vent _content 0.4 I your solvent content goes here.
! Next line is the file with your protein sequence.

seq_file protein.seq

EQD

#

# Now "resol ve.m z" has the output anplitudes, phases,
# and figure of merit in colums |abelled: FP PH M FOW
# A nodel of your structure is in resolve. pdb.

#

. RESOLVE will read from "solve.mtz" and write out new structure factor amplitudes and phases.

. If you have afile "hapdb" in your directory, RESOLVE will try to use the PDB coordinatesin it to identify and apply NCS.
. Additionally, Hendrickson-L attman coefficients are written.

. A model of your structureis built and placed in resolve.pdb

. You can use "resolve.mtz" in the same way as you use any mtz file in the CCP4 suite.

Notes on input and output mtz files (see the sample scripts)

. RESOLVE expectstoread data from a CCP4 mtz file

o atleast FP, PHI, FOM are needed for MAD/MIR/SAD data

o for prime-and-switch, you need FP FC PHIC FOM, with optional FWT (from sigmaa)

o it works much better for MAD/MIR/SAD data if you also input Hendrickson-L attman coefficients (HLA

HLB HLC HLD)

o you specify the columnswith the LABIN keyword asin the CCP4 suite

o (LABIN FP=your FPcolumn PHIB=your PHIBestcolumn FOM =your FOM column HL A=your HL Acolumn etc)

o If your input file hasreflectionswith non-zero F within your resolution range, it will automatically attempt to

phase all of them.

o You can input a FreeR_flag column.
. RESOLVE will writea CCP4 mtzfile

o Theoutput columnsof dataareH K L FP SIGFP PHIM FOMM HLAM HLBM HLCM HLDM FreeR_flag

o FPisjust what wasinput; SIGFP is1.0if not input. NOTE: the SIGFP behavior may not be what you expect:
If you do not specify SIGFP in your labin statement, resolve will write out SIGFP = 1.0. If you specify
SIGFP=something, the data in column " something" will be copied out to SIGFP in the output file. If you use
the default labin (FP=FP SIGFP=SIGFP PHIB=PHIB FOM=FOM HLA=HLA HLB=HLB HLC=HLC
HLD=HLD) it will copy it out correctly.
PHIM isthe modified " best" or centroid phase
FOMM isthefigure of merit of PHIM. Usein amap with F =FP* FOMIM * exp(i PHIM).
HLAM, HLBM, HLCM, HLDM are Hendrickson-L attman coefficientsfor the final phases.
Reflectionswith FreeR_flag = 0 are used asthe" free" set in RESOLVE. Normally all reflections are used for
all steps except the identification of the solvent fraction and a database for density statistics (i.e., the
FreeR_flagisignored for most steps).
. RESOLVE will write out a PDB file with a model of your structure

o The model will usually not be fully complete, depending on the quality of the map

o Someloopswon't be present in most cases

o Side chainswill be built on the better partsof the model if you specify a file with the protein sequence

o Side chainsnot in density will be truncated to CB

O [} O [}
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Keywords for resolve

KEYWORD DEFAULT VWHAT IT IS
access file sol ve2. access Nane of solve2.access file. If it is not in
t he

/usr/local/lib/solvel directory or in the
current directory or in the directory

$SOLVEDI R

then you wll want to tell RESOLVE where
it is
hklin solve. n z nz file with i nput phases and phase

probabilities
hkl out resolve.ntz nmz file with output phases
LABI N FP=FP PHI B=PH B FOVEFOM HLA=HLA HLB=HLB HLC=HLC HLD=HLD

LABI N statenent identifying the colums of
data in the hklin mz file

mask_cycl es 5 Nunber of cycles in which masks are redone and
i mges are conpared to nmap

m nor _cycl es 10 Nunmber of m nor cycles per mask_cycle
no_build Don't build a nodel

buil d_only Just build the nodel (no density nodification)
assenbl e_only Just assenble the nodel and wite it out

(using info in peak_file and fragment_file)

bui | d_out si de_nodel Just build the nodel outside the
regi on defined by nodel xxx.pdb

superqui ck_build Build the nodel as quickly as possible,
searching for fragnents on coarse grid

(works great for good maps and 10x faster than
versi on 2. 03 nodel - bui |l di ng)

NOTE: superqui ck_bui |l d/ qui ck_bui | d/
t horough_build are 3 choices for 1 paraneter

qui ck_bui l d (Default) Standard nodel - buil ding protocol (3x
faster than version 2.03)

t hor ough_bui I d Look exhaustively for ways to build the nodel.
Simlar to version 2.03.
Not al ways any better than "qui ck_buil d"
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aggressive _build Bui | d aggressively, allow ng sone incorrect
residues or even entirely incorrect residues.

Sanme as "nmacro_cycles 3". Not recomended.
conservative_build Bui |l d conservatively (same as version 2.03).

Sanme as "nmacro_cycles 1".

seq_file protein.seq Fil e containing protein sequence

Format: 1-letter code sequence of each chain,
separ at ed

by lines starting with &t&t&t . No need to
put in duplicate chains.
no_expand_ncs Don't expand nunber of copies of each chain
beyond what was found with ha sites
seq_prob_mn 0.95 M ni mum confi dence of sequence match to pl ace
side chains on a fragnent
noget _peaks Ski p searching for helices/strands and use
data frompeak file
noget _fragments Skip searching for fragnments and use data from
fragment _file
peak file resol ve_peaks. dat Internmediate file with | ocations of al
hel i ces/ strands consi dered
fragnent _file fragnments. dat Internmediate file with coordinates of all
fragnents considered in nodel -buil ding
fomcut 0.15 Set initial resolution for density

nodi fication to be where the FOMis about .15

s_step 0. 02 Steps in s=1/d to take during phase extension

sol vent _content 0.3 Fraction of unit cell in solvent region (if

specified, do not search for optimal fraction)

use_i nput _solv Do not search for optimal solvent content
Use val ue from sol vent _content if specified
Use value fromresolve.solvent if it exists

and sol vent _content is not specified.

resol ution Resolution limts (default=whatever is in
input ntz file)

res_start 2.5 Start out density nodification at this
resolution, then extend to maxi mum

phase_ext end Start out density nodification at resolution
res_start (set automatically), then extend to nmaxi num
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no_phase_ext end

phases _from sol ve
(default if "hklstart”

phases _fromresol ve
(default if "hklstart”

use _free for _test

tests (default unless Nfree<500)

use_all _for_test
tests

create _free
(defaul t)

used)

i ncl ude_free

excl ude_free
not work well)

dat abase 1
protein/solvent density

use_i nput _db
dat abase

is not set)

Start out density nodification at final
resolution. This is default (changed in version 2.09)

| nput phases are not yet density-nodified

| nput phases are already density-nodified

Use free set for solvent content/histogram

Use all data for solvent content/histogram

Create FreeR flag if it does

(This does not nean that the

Use all data for main cycles

Do not include free data for

not exi st

FreeR flag is

(defaul t)

mai n cycl es (does

Use dat abase entry #1 for histograns of

Do not search for optimal histogramfrom

Use val ue from "dat abase" if

speci fied

Use value fromresol ve.database if it exists
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and "dat abase" is not specified.

wang_radi us_cycle 6. 4. (default: variable start; 4 end) Starting and
ending radius (A) in Wang nethod for getting sol vent mask

NOTE: RESOLVE will automatically set this for
you in a reasonable way if

you don't specify it.

wang_radi us_finish 4. (default: 4.0) Ending radius (A) in Wang
nmet hod for getting sol vent nask

wang_radi us_start 6. (default: wvariable) Starting radius (A) in
Wang nmethod for getting solvent mask

wang_radi us 6. Radi us to be used for all cycles

NOTE: |In RESOLVE you don't want or need a
small radius for getting the

sol vent probability. It works better with a
medi um | arge radius (but really it

makes very little difference what radi us you
use)

hkl st art nz file with a starting set of phases.
RESOLVE wi Il start with

t hese phases (but use probabilities from
hklin). Useful for

running a few cycles, getting an out put
resolve 1.mz, then

continuing on fromthere. Goes with |abstart.

| abstart FP=FP PHI B=PH B FOVEFOM LABI N statenment for hklstart. only PH B and
FOM used.

hkl per f ect nz file with a nodel set of phases

| abperfect FP=FP PH B=PH B FOVFOM LABI N statenent for hkl perfect

di fference_map calcul ate difference map FP hklin-FP hkl perfect
phase with_perf use PHI B and FOM from hkl perfect in diff map

(default is use PHI B and FOM from hklin)

cc ratio 0.1 Cut off prine-and-switch phasing at resolution
where CC
of FP with FC < cc_ratio

ver bose print out a |lot of data every cycle, not just
at first and | ast.

nohl don't calculate HL coefficients at end of
resol ve (saves tine)

rota_matrix rotation matrix for NCS symetry. Three
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rota matrix lines define a matri x:

Angstrom coor di nat es.

to nol ecul e 1.

| sgkab if nmolecule 1 is

wor ki ng nol ecul e (xyzi n2)
tran_orth

i n orthogonal Angstrons
center_orth

el enent, in orthogonal Angstrons

el enent 1

fraction_ncs 0.15

rEnter the identity as first nolecule 1.

rota matrix 1 0 O

rota_mtrix 0 1 0

rota matrix 0 0 1

The rotation matri x applies to orthogonal

The matrix and translation maps nolecule j on
This is what you get fromthe ccp4 program

the reference (xyzinl) and nolecule j is the

Transl ation vector for NCS synmetry el enent,
Enter after rota_matrix
Approxi mate center of mass of NCS synmetry

Enter after rota_matrix. Required only for

fraction of asymmetric unit occupied by 1

nol ecul e (default = fraction protein / N)

i nvert
mappi ng nolecule 1 on to nolecule j)

fix _ncs

ncs_restrict n
ncs restrict 3 looks only for trinmers.

force _ncs
if there is very low correlation

rad_ncs_mask_nmax 6.
than rad

ha_file ha. pdb
| ook for non-crystallographic symretry

conpare_file XXX. pdb
unit for output resolve_conpare. pdb
no_find_ncs

even if the file "ha.pdb" exists

ncs_only

Invert NCS matrices (they correspond to

Do not refine NCS operators

Only consider NCS if there are n operators.

Use input or heavy-atomsite NCS symmetry even

Do not allow NCS mask to have radius greater

Use the entries in this file (PDB format) to

Use coords in this file to define asymetric
NOTE: has no effect on contents of resolve. pdb

Don't try to find NCS from heavy-atom sites

Find NCS and do nothing else (no density
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nodi fication, nothing)

do_all _cycles
happeni ng

no fill
(best wusually)

fill

r _match

Do all the assigned cycles, even if nothing is
Don't fill in mssing reflections (default)
Fill in mssing reflections (risky)

(Defaul t=1.0) Maxinmum di stance between CA in

different fragments to |ink during assenbly

r-mn
chai n at ons

r_mn_side
si de-chai n atons

r _overall

starting a segnent in nodel-building
r _end

conti nuing a segnent in nodel-building
z_cut

fragment after refinenent
z _cut_extend

fragnent after extension

macro_cycl es 3
t hreshol ds i n nodel - bui | di ng.
nodel becones poor.

decrease by 0.5 and

no_unassi gned
sequence in nodel - buil di ng

rad_mask 2.5
i nclusion in imge-based phasing

i mage

(Default=1.) Lowest m ninmumrho/sigma for main-

(Defaul t=0.3) Lowest mi ninmumrho/sigm for
(Defaul t=0.75) M ninmumrho_bar/avg for
(Default=0.5) M ninmum rho_bar/avg for
(Default=0.5) M ninmum Z-score to keep a
(Default=-0.5) M ninum Z-score to keep a
(Def aul t iterations of

= 2) Nunber of | oweri ng

NOTE: normally do not use nore than 3 or the
Each cycle beyond 1 r_mn and r_m n_side

z_cut and z_cut_extend decrease by 1.

Do not wite out residues not assigned to

Radi us for

cal cul ati on of solvent mask and for

Use map cal culated from PDB file

("conposite_pdb") or frominput phases as
target for electron density. Only density
within rad_mask of atonms used if from PDB file.
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i mge_only Do not do solvent flattening/ NCS etc. Just use
the image as a target. Requires

t he keyword "i mage" as well. Produces phases
simlar to "sigma".
prior_wei ght 1.0 (Default=1.0) Weight on the input phases.

Prior_weight O is used in prinme-and-sw tch phasing.

prime_and_swi tch Use prime-and-swi tch phasing. Use input phases
only to calculate initial mp
| nput phase probabilities not used at all.

no_erase_protein Do not let P(protein) be less than the
starting value in prinme-and-sw tch phasing.
n_i mage_cycl e Nunber of cycles of using the inage (nap)

based on a nodel in density nodification

conmposi te_pdb xxx. pdb_ root name of a set of PDB files to be used to
construct a conposite inmage

conposite_pdb first O first PDB file for conposite is xxx.pdb 0O
conposite_pdb_| ast 20 last PDB file for conposite is xxx.pdb_20
pdb_in refmac. pdb Nane of PDB file to be used in starting nodel -
bui | di ng

extend_only Just trimand extend the chains in pdb_in;

don't rebuild from scratch

Nno_mer ge_ncs_copi es Do not nerge NCS copies during extend (default
= Imer ge_ncs_copi es)

side_avg mn 0.0 Truncate side-chain atonms in nodel-building if
mean density is < side_avg _mn

LABI N FP=FP FC=FC PHI C=PH C FOVFWCMB FW=FWI' LABI N statement suitable for prinme-
and- swi tch using SI GWA phases.

FWF is optional; if present initial map
cal culated with FWI exp(i PH C).
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pattern_phase

Use image in cc_map_file as target for imge-

based phasing (no prior phase infornation,

cc_map _file recover ed_map. dat
targeting (only read by RESOLVE)

coarse grid
maps. Must mat ch RESOLVE _PATTERN

n_restore 1
nodi fication using mask

phases. Default = 0 (no restarting)

no_restore

scal e_refl 0.5
= 0.5)
scale refl _start 0. 05

no solvent flattening, no NCS.

binary file with map for pattern_phase

Use coarse grid (sane as RESOLVE 2.02) for

Nunber of times to restart density

fromprevious run but starting with origina

Sane as n_restore O

Wei ghting on map probability function (default

Wei ghting on map probability function (default

= 0.5) on first cycle of density nodification

scale refl _end 0.5

Wei ghting on map probability function (default

= 0.5) on last cycle of density nodification

trim
(defaul t)

Trimpdb_in file back to match density
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no_trim Take mai n-chain of pdb_in file as is and use
as a basis for nodel -building wthout trimmng

no_cut _up_nodel Don't cut up pdb_in into little pieces
(defaul t)
cut _up_nodel Cut pdb_in up into little and big pieces and

try themall as starting points for nodel -buil di ng

bui | d_i mage Use FFT-based search to find helices/strands
and create an output map (dunp. map)

with reconstructed i mage of the map. You
can then use dunp.map with "pattern_phase"

eval uat e_nodel Conpare the nodel defined by the nodel
keyword with the map cal cul ated from hklin

nodel resol ve_best. pdb nodel to evaluate with
eval uat e_nodel

ncs_nmask file mask. nt z wite out a CCP4-style ntz file with FP PH M
FOMthat yield a map showi ng the NCS asynmetric unit.

protein_mask file nask.ntz wite out a CCP4-style ntz file with FP PH M
FOM that yield a map showi ng the protein region.

add_mask Require that the region defined by the PDB file read in with
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nodel xxx.pdb is protein
use rad_mask radius in definition of
regi on

no_ha do not wite heavy-atomsites out to the
resol ve. pdb nodel file

n n

start _segnent n read segnments files starting with nunber "n
max_segnent m read up to "ni' segnments files. These are files
with information about helices/strands etc.

score_only score an electron density nmap (skew, ha_ncs,

correlation of map from map-probability phases with
original map, correlation of |ocal rms)

score_tert score tertiary structure

| oop_only Fit a loop only. Requires pdb_in and extend_only
n_random | oop 20 Nunmber of | oop conformations to try

|l oop_cc_mn 0.4 M ni mum density correlation to keep a | oop
rnms_random|oop 0.3 RMS random variation in | oop

coor di nat es
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no_sub_segnent s Fit entire segnents to sequence (do not
break up)
omt_box n Onit all points in omt box n fromdensity

nodi fication

n_box_target m Try to set up momt boxes

omt _boundary 2.0 I ncrease the size of the omt region
defi ned by omt_box
in all directions by this anmunt

conpl ete_om t Do not include solvent flattening or
hi stogram matching in omt region (default)

no_conpl ete_om t I nclude solvent flattening and hi stogram
mat ching even in omt region

conpl ete_om t _hi st I ncl ude hi stogram mat ching even in omt
region

Keywords for RESCLVE ligand fitting

ligand_file I i gand. pdb PDB file with N copies of a ligand in random
stereochem cally ideal conformations. Al atons nust be
in the sane order in all copies
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n_| i gand_pos 300
ligand to consi der

n_|ligand_pos_ref 100
ligand to refine

n_group_search 3
for.

rotation/translation to start fitting

group_search xx

n_keep_pl ac 100
| i gand search

n_indiv_tries_mn 20
totry individually in ligand search

nindiv_tries max 20
to try individually in |ligand search

ligand_resno 20

n_tenplate_atom 45
made by resol ve)

Nunmber of rotation/translation positions for a

Nunmber of rotation/translation positions for a

Nunmber of large groups within ligand to search

If zero, groups frominput file used w thout

Use group xx in ligand to start ligand fitting

Nurmber of placenents of groups to keep in

M ni mum nnber of top placenents of |arge groups

Maxi mum nnber of top placenents of |arge groups

Residue # for |igand

Nunber of atonms in |ligand (overrides guess
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no_| ocal search Search whole map for |igand

search_dist 10 Search within this distance of top rnms region in
map for | ocal searches

search_center 3105 Local search is around this point (in A

fit_phi_range -20 20 Try angles from-20 to 20 degrees rel ative
to the torsion angles in ligand_file

fit_phi_inc 20 Sanmpl e angles in range fit_phi_range with
increnment fit_phi_inc

del ta_phi _ligand 50 Rot ati on angle to sanple overall placenents of
| arge groups in ligand fitting

acceptable_offset 1.0 Maxi mum al | owed of fset of atons from
overl appi ng placenents in |ligand search (i.e., placenments of

an atomfromeach of 2 directions in a
cyclic nol ecul e)

cut_close 1.5 M ni mum al | owed separati on between atons in
separate rigid groups.
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i gnore_map
conformati on

nodel  xxx. pdb
fit ligand.

Ignore the map and just generate a random

Generate FC from nodel and use Fo-Fc map to

Keywords for resolve_pattern

KEYWORD DEFAULT
access file sol ve2. access
t he

$SOLVEDI R

it is

hklin solve.ntz

probabilities

hkl out resolve.ntz

WHAT IT IS
Name of solve2.access file. If it is not in
lusr/local/lib/solvel directory or in the
current directory or in the directory
then you will want to tell RESOLVE where

nz file with i nput phases and phase

nmz file with output phases

LABI N FP=FP PHI B=PH B FOMVFOM HLA=HLA HLB=HLB HLC=HLC HLD=HLD

resol ution
input ntz file)

and "dat abase" is not specified.

recover _i mage
anpl i tudes for |ocal patterns;

image to cc_map_file

LABI N statenent identifying the colums of
data in the hklin mz file

Resolution limts (default=whatever is in

Use value fromresol ve.database if it exists

Anal yze map cal cul ated with hklin phases and

wite out binary map with the recovered
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cc_map _file recovered nmap. dat File with recovered map (binary file; only
read by RESCLVE)

coarse grid Use coarse grid (sane as RESOLVE 2.02) for
maps. Must mat ch RESOLVE

path_patterns $SOLVEDI R/ patterns/ Location of library files for RESOLVE PATTERN
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#/bin/csh

set main_version =2

set minor_version = 08

set edit_version = 07

echo" "

echo "RESOL VE difference map script version $main_version.$minor_version.$edit_version
echo""

echo "Date; "date™

echo "Working directory: "pwd ™

echo" "

RESOL VE difference map script
05-Jan-2005

Tom Terwilliger
Los Alamos National Laboratory
Input: FP, model
Methods: Just calculate a difference map using phases from model

Output: Map coefficients FP PHIM FOMM in resolve_diff.mtz
CCP4-style map file in resolve_diff.map

EDIT THE NEXT FEW SETSOF LINESTO MATCH YOUR DATA AND SYSTEM

PLEASE NOTE: each of the" =" below must have a SPACE on either
side (hklin = solve.mtz NOT hklin=solve.mtz )

R HHFHRFHEHFEHFHFHFHFHFHFHRHEFEEEERE

#

# Anything special for your location (SOLVEDIR etc);

?:etenv SOLVEDIR /usr/local/lib/solve/

Z location of resolve and resolve libraries; place for large scratch files
Zet resolve = /ul/terwill/resolve/work/resolve.linux

setenv TMPDIR . # large scratch files go here

#

set hklin = FOBS.mtz

set labin = 'FP=FP SIGFP=SIGFP
set labin_cont ="

#
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# input model

#

set pdb_in= PARTIAL_MODEL .pdb

#

# resolution

#

set dmin= NONE# NONE to use al data...high-reslimit
set dmax = NONE# NONE to use all data...low-res limit
#

# Normally no need to edit below here...

1/
IT
T

1/
IT
1

#

set main_version_minimum = 2

set minor_version_minimum = 08

#

setenv SYMOP $SOLVEDIR/symop.lib
setenv SYMINFO $SOLVEDIR/syminfo.lib
setenv CCP4_OPEN UNKNOWN

unlimit

limit coredumpsize O

# check for al thelibrary files we will need etc
#

if ($resolve==NONE ) then

echo "Sorry, you need to define resolve ..."
exit

endif

foreach program ($resolve)

if ($ip) echo "Checking for the program $program ..."
if (-f $program) then

if ($ip) echo"OK"

goto ok

endif

if ( $program == NONE ) then

if ($ip) echo "This program is not used"
goto ok

endif
which $program >& tmp.dat

set test = "head -1 tmp.dat”

if ($#test = 1) goto bad

if (-f $test) then

if ($ip) echo"OK"

goto ok
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endif
bad:
echo "Sorry, the program $program does not exist?"
echo "Please check its definition in this script..."
exit
endif
ok:
end
#
#
foreach lib_file ( symop.lib syminfo.lib)
#
if ($ip) echo "Checking for library file $SOLVEDIR/$lib_file..."
if (!-f$SOLVEDIR/$lib_file) then
echo "Sorry, the library file $lib_file does not exist?"
echo "Please check the definition of SOLVEDIR in your script: $SOLVEDIR"
exit
endif
end
=
#
# check for resolve
if (-f resolve.ok ) rm resolve.ok
if (-f resolve.version) rm resolve.version
$resolve <<EOD >& resolve.log
quit
EOD
if (!-fresolve.ok) then
echo "Sorry please check the location of resolve..."
echo" isitreadly $resolve?"
exit
endif
# make sure this sort of worked...
set test_ok = “cat resolve.ok®
set test_ok_mem = $test_ok[$Htest ok-$Htest ok]
if ($test_ok_mem !="ALLOCATED" ) then
echo "Sorry, resolve was not able to run properly at all”
echo "The end of theresolve log file says..."
ECN0 - m o
tail -12 resolve.log
€CH0 - m o
exit
endif
if (!-f resolve.version) then
echo "Sorry, this script requires version $main_version_minimum.$minor_version_minimum or higher of resolve"
exit
endif
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@ version = “cat resolve.version|head -1
set version_minimum = "$main_version_minimum$minor_version_minimum"
if ($version < $version_minimum )then
echo "Sorry, this script requires version $main_version_minimum.$minor_version_minimum or higher of resolve"
exit
else
if ($ip) echo "Running version $version of resolve"
endif
#
# make sure we have thesefiles...
#
if (-f $hklin) then
echo "Dataare in the mtz file $hklin"
else
echo "Sorry, cannot find the mtz file $hklin"
exit
endif
echo "LABIN information: $labin $labin_cont"
echo""
#
if (($pdb_in!'=NONE) && (! -f $pdb_in)) then
echo "Sorry, cannot find your pdb_in file $pdb_in"
exit
endif

e e o
# figure out if this machine uses grep -a or just grep for text files:
echo "A" > test_a.dat

settest grep = ‘grep-a"a’ test_adat >& tmp.dat’

if ($status) then
# there was an error...do not use grep -a

set grep_type = "grep"

else

set grep_type ="grep -a"

endif

set test_grep = $grep_type"A" test_a.dat’

if ($#test_grep!=1) then

echo "Sorry, unable to set the grep command on this system...giving up
exit

endif

rmtest_a.dat
=

#

@ grep_phib = "echo $labin $labin_cont | $grep_type 'PHIB="|wc -m"
@ grep_fp = "echo $labin $labin_cont | $grep_type 'FP="lwc -m

#
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if ($grep fp==0) then

echo "Sorry, FPisaways required in the labin line..."
exit

endif

if ( $pdb_in==NONE) then

echo "Sorry you need apdb_infile"

exit

endif

#

if ($dmin == NONE || $dmax == NONE )then
set resolution line=""

else
set resolution_line = "resolution $dmin $dmax"

endif

echo" "

echo "${ resolution_line} "

echo""

#

set blank =" "

#

SETUP:

#
#
#
#

# hklin_image will be our combined phase information
#

set hklin_image = start_image.mtz

set labin_image = 'FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM'
set labin_image _cont = 'FreeR_flag=FreeR _flag'

#

set hklin_exp = exp.mtz

set labin_exp = 'FP=FP PHIB=PHIM FOM=FOMM HLA=HLAM HLB=HLBM HLC=HLCM HLD=HLDM'
set labin_exp_cont = 'FreeR_flag=FreeR_flag'

#

echo "Copying information from $hklin to $hklin_exp"
${ resolve} <<EOD >>resolve.log

I Copying over $hklin to $hklin_exp

hklin $hklin

labin $labin

labin $labin_cont

hklout $hklin_exp

$resolution_line

mask_cycles1

minor_cycles0

no_build

EOD

#
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# make sure this sort of worked...

if ("cat resolve.ok” '="OK") then

echo "Sorry, resolve was not able to finish even the first cycle"
echo "The end of the resolve log file says..."

€Ch0 M- m e "

tail -10 resolve.log

ECH0 M- "

exit

endif

#

#

set pdb_start = $pdb_in # starting PDB file
cp $pdb_in refine.pdb_0

#
echo
#
${ resolve} <<EOD >>resolve.log

hklin $hklin_exp

labin $labin_exp

labin $labin_exp_cont

$resolution_line

fcalc $pdb_in

hklout fcalc.mtz

EOD

#

# make sure this sort of worked...

if ("cat resolve.ok™ '="OK") then

echo "Sorry, resolve was not able to finish on the first cycle"
echo "The end of the resolve log file says..."

ECH0 - "
tail -10 resolve.log

€CH0 " ----m oo "
exit

endif

#

$resolve<<EOD>>resolve.log

hklin $hklin_exp

labin $labin_exp

labin $labin_exp cont

hklperfect fcalc.mtz

labperfect FP=FP PHIB=PHIM

difference_map

phase with_perf

hklout resolve_diff.mtz

EOD

#
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if (-f resolve_map.mtz) then

$resolve<<EOD>>resolve.log

hklin resolve_diff.mtz

labin FP=FP PHIB=PHIM FOM=FOMM

mask_cycles1

minor_cycles 0

no_build

ccpd_map fileresolve diff.map

EOD

echo "resolve_diff.mtz ... Coefficients for difference map only FP PHIM FOMM™
echo "resolve_diff.map ... ccp4-style map from resolve_diff.mtz"
endif

1/
IT
1
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Contents Index

How tointerpret the solve.statusfile

The solve.status file keeps a running summary of the status of SOLVE. As additional steps are carried
out by SOLVE, the results are added to the end of the solve.statusfile. It is convenient to look at thisfile
continuously using the unix command "tail -30f solve.status’ which will show thelast 30 linesin the
file, updating them every few seconds.

The solve.status file will show you:

. Thetitle of the experiment if you have input one
. Thestep that SOLVE iscurrently on (e.g.,, SCALE_MAD, SOLVE)
. Thetime SOLVE has spent on this step
. |If the program has begun automated structure determination (SOLVE) then the solve.status file
will show statistics on the best solution found so far:
o Thefigure of merit (m) and overall Z-score

o The coordinates, occupancies and overall B-factors for each atom in the solution
1 The peak heights (normalized to the rms of the maps) of each heavy atom site in cross-
validation difference Fouriers
The current resolution that SOLVE isworking at
. The total time that SOLV E has been running
. If SOLVE isunable to carry out acommand (e.g., an input file is missing) then the bottom of the
solve.status file will tell you where to look for more detailed information about what happened
(usually it will tell you to look at the end of the logfile).

The solve.status file can give you a pretty good indication of whether SOLVE has found a good solution.
A correct solution will have high values of peak heights for all the heavy atom sitesin the cross-
validation difference Fouriers (for most good solutions these peak heights will al be more than 5 or 10
sigma). A good solution will have a high Z-score (typically above 20; this score is higher for structures
with more heavy atoms). A good solution will have afigure of merit around 0.6 to 0.7 as well.

See How to interpret the output from SOLVE as well for information on this.
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Commandsfor controlling how SOLVE worksin automated mode

Thisisalist of the most commonly-used keywords for SOLVE that apply to SOLVE operation in automated mode. Also see
thelist of all SOLVE keywords and the list of all commands.

These keywords are usually in your solve.setup file:

SYMFI LE XXXXX symretry file for this space group
CELL a b c al pha beta gamma
RESOLUTI ON dm n dnmax

RES PHASE xXx Carry out phasing heavy-atom searches at resol ution XX
(but wite out all data in resolution range set by the
keyword "resolution"). Usually you should |l et SOLVE set this.

FFTGRID xs xe xtotal ys ye ytotal zs ze ztotal grid for FFT cal cul ations
PATTGRI D xs xe xtotal ys ye ytotal zs ze ztotal grid for Patterson
EZDGRID xs xe ys ye zZs ze grid for NEWEZD map

These keywords are usually in your main conmand fil e:

VERBOSE wite out a lot of output to logfile
RAWMADFI LE  xxX. i nt File xxx.int will be read in as data for
the current mad wavel engt h
RAWNATI VEFI LE  xxX. i nt File &xx.int& wll be read in as data for
t he native
RAWDERI VFI LE  xxX. i nt File xxx.int will be read in as data for
the current derivative
READ | NTENSI TI TES (default) The raw data files contain intensity measurenents
READ_AMPLI TUDES The raw data files contain anplitudes (F) not intensities (1)
(This is valid only with READFORVATTED)

PREMERGED The data in all RAWMADFI LEs have H K L and 4 other col ums:
| +/ F+, sigma, |-/F-, sigma

UNMERGED The data in all RAWMADFI LEs have H K L and 2 ot her col umms:
I/ F, sigm

READDENZO Al datafiles are witten by Scal epack. For unnerged data

they will be read with the formatting: (6i4,i6,2i2,i3,2f8.0) and
nsynt2+1 lines are skipped at the top of the file. For

nerged data the formatting is: (3i4,4f8.0) and

3 lines are skipped at the top of the file.

READFORMATTED Al'l datafiles will be read with "*" formatting and
contain HK L I/F sigma or HK L I+/F+ sigma I-/F- sigma

READTREK The datafiles were witten by d*trek and contain col umms
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LABI N

HKLIN XxXxX.ntz

with intensities

speci fy colum assignnents for HKLIN i n standard CCP4
fashion (FC=FC1 PHI C=PH C FOVFFOM etc

ntz file containing scal ed anplitudes

PHASES FORMATTED xxx. f mt File xxx.fnmt contains HK L FC PH C FOM and

PHASES LABI N

t he phases and fomw |l be used in SOLVE with
difference Fouriers to find initial sites

speci fication of colum assignnents for PHASES MIZ file
Norrmal use is FC=FC PH C=PH C FOVEFOM NOTE: MJST
come before PHASES MrZ!

PHASES MI'Z xxx. ntz as PHASES FORVATTED, but ntz-file. FC PH C FOM required

NSKI P n
NSKI P 0
NSKIP -1

RATM N xX

FPFM ONLY

FP_OR_FM

OVERALLSCALE

SWAP_ANO

Skip exactly n lines at the top of each data file
Do not skip any lines at the top of each data file
Skip O lines at the top of each data file

unl ess the keywords READDENZO and PREMERGED

are set in which case the default nunmber of |ines
are ski pped (see above)

Mnumumratio of F/sig to read in data for a
reflection at all is xx [default=2.0]. This is
useful for elimnating weak data.

Toss all acentric reflections where either F+
or F- is mssing [this is the default for MAD dat a]

Use F+ or F- as an estimate of Fbar if F+ and
F- are not both present. This is useful if
your data is not that conplete. It is nuch
better to obtain conplete data however.

Do not do | ocal scaling; just an overal

scale factor for F+, F- at each wavel ength.
Use this if you already have scal ed the data
and you don't want any nore scaling done.

Swap HK L ->-H-K-L as data are read into

SOLVE in scale _native, scale_derivative, and

scale_mad. This is to correct for a detector or indexing
t hat swapped F+ for F-

The atom types recogni zed by SOLVE are:

H H1, He,

Li,

Li +1, Be, Be+2, B, C, Cv, N, O O1,

F, F-1, Ne, Na, Na+1, My, My+2, Al, Al +3, Si, Siv, Si+4,
P, S, d, d-1, A, K K+1, Ca, Ca+2, Sc, Sc+3, Ti, Ti+2,
Ti+3, Ti+4, V, V+2, V+3, V+5, Cr, C+2, C+3, M, M+2, M+3,
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Wvh+4, Fe, Fe+2, Fe+3, Co, Co+2, Co+3, Ni, N +2, N +3, Cu,
Cu+l, Cu+2, Zn, Zn+2, &, &@+3, Ge, Ge+4, As, Se, Br,
Br-1, Kr, Rb, Rb+1, Sr, Sr+2, Y, Y+3, Zr, Zr+4, Nb, Nb+3,
Nb+5, Md, M+3, M+5, M+6, Tc, Ru, Ru+3, Ru+4, Rh, Rh+3,
Rh+4, Pd, Pd+2, Pd+4, Ag, Ag+l, Ag+2, Cd, Cd+2, In, |In+3,
Sn, Sn+2, Sn+4, Sb, Sb+3, Sb+5, Te, I, 1-1, Xe, Cs, Cs+1,
Ba, Ba+2, La, La+3, Ce, Ce+3, Ce+4, Pr, Pr+3, Pr+4, Nd,
Nd+3, Pm Pm+3, Sm Sm+3, Eu, Eu+2, Eu+3, Gd, Gd+3, Tb,
Tb+3, Dy, Dy+3, Ho, Ho+3, Er, Er+3, Tm Tm+3, Yb, Yb+2,
Yb+3, Lu, Lu+3, Hf, H +4, Ta, Ta+5, W W6, Re, G5, Cs+4,
lr, Ir+3, Ir+4, Pt, Pt+2, Pt+4, Au, Au+l, Au+3, Hg, Hg+1,
Hg+2, TI, TI+1, TI+3, Pb, Pb+2, Pb+4, Bi, Bi+3, Bi +5, Po,
At, Rn, Fr, Ra, Ra+2, Ac, Ac+3, Th, Th+4, Pa, U, U+3, U+4,
U+6, Np, Np+3, Np+4, Np+6, Pu, Pu+3, Pu+4, Pu+6, Am Cm Bk, Cf

newat ont ype XXxxx define scattering properties of atom xxxx not recogni zed
by SCOLVE
HI NT: to get the aval, bval, cval values fromlInt tables
for atons recogni zed by SOLVE, type nad_atom [ at oonane] and

SOLVE wi Il list themfor you.
aval al a2 a3 a4 4 real nunbers (al,a2,a3,a4) fromliInternational Tables
for
the nost recently defined newat ontype
bval bl b2 b3 b4 b val ues for newatontype
cval c c val ue for newat ontype
fprim  xx f' value for newatontype
fprprv xx f" val ue for newatontype
For CLUSTERS, follow the instructions in
all _keywords.
mad_at om XXXxX nane of the anomal ously scattering atomis xxxx. |f SOLVE does
not recognize this atom first input its scattering paraneters
wi t h newat ont ype
fprim _nmad f' value for anomal ously scattering atom
at this wavel ength (nust be input after each wavel ength)
f prprv_nad f" value for this wavel ength
FI XSCATTFACTORS Fix scattering factors at their input val ues.
This is a good idea if you have a reasonabl e
idea of the f' and f" values. [this is the
defaul t]
REFSCATTFACTORS refine scattering factors f' and f". If you
refine them be sure to | ook at their new
val ues at the end of the routi ne MADMRG and
verify that they are reasonabl e.
derivative n begin input of information for derivative/wavel ength n

This conmand is used to start entering information on a
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derivative. |If you want to nodify something after you' ve
gone on to another derivative then you need to use the
conmand GOTCDERI V

| anmbda n identical to derivative n

nsol site _deriv Maxi mum nunber of sites for this derivative
(overrides nsolsite)

cutoff _deriv 200 3.5 resolution limts for this derivative/wavel ength only

RES PHASE 2.8 hi gh-resolution limt for phasing only

SN.MN Set RES PHASE so that signal-to-noise is bigger than this

SN _RATIO M N Set RES PHASE so that signal-to-noise is bigger than this
ratio tines the value at |owresolution

| NPHASE i nclude this wavel ength/derivative in phasing.

NO NPHASE do not this include this derivative/wavel ength in phasing
I NANO i ncl ude anomal ous differences for this wavel ength/deriv
noanor ef i ne use anomral ous differences in phasing but not

refinement for this derivative.

(this is usually the best option for MR

unl ess your anomal ous differences are really

big, as froma synchrotron MR dataset at an
absorption edge). Note: you still have to specify
for each derivative "inano" to include anonal ous
di fferences for that derivative.

anor efi ne For this derivative with "inano" specified, use
anonmal ous di fferences in both refinenent and phasi ng.
This is best for MAD data. (This is the default also).
Applies to current derivative/ wavel ength

ATOWNAME XXX Start reading in information about a new site with atomane
"XXX" at the current wavel ength/deriv.

OCCUPANCY  xX occupancy of current atom

BVALUE xx B-val ue of current atom

XYZ Xxx yy zz fracti onal coordi nates of current atom
REFI NEALL refine x,y,z,occ and b for this atom
REFI NENONE don't refine anything for this atom

Note: Flags for refinenment of a heavy atom do not apply when the keyword
SOLVE is used (only wi th HEAVY)

PDB XYZ I N PDB file with orthogonal A coordinates

of all heavy-atons for this derivative/ wavel ength

NOTE: you cannot use XYZ/ OCC/ BVALUE/ REFI NEMENT paraneters along with
pdb_xyz_in.
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NRES n

NANOVALQOUS n

nobayes
nt opf our Xxx

nt opderiv Xxx

nsol site xx

nseedt est xx

nseedsol ve xx

nt opsol ve xx

addsol ve

checksol ve

anal yze_sol ve

[ no] del et e

[ nolinverse

SCORI NG _TABLE (8 val ues)

# of residues in asymetric unit [default=100]
# of anomal ously scattering atons in asynmmetric unit.
Used to estimte how big the Fa val ues m ght be.

Al so used to set
do not use Bayesian correl ated phasing in SOLVE.
Nurber

of Fourier peaks to pick froma map

Nunmber of Fourier peaks to be tested for
i nclusion in the nodel

Maxi mum nunber of sites in a derivative unless overridden by

nsol site_deriv

Nunmber of seeds per derivative to try (before
sorting)

Number of seeds (total) to try after
sorting them

Nunmber of solutions to print out at the end
and nunber of solutions to keep track of at
any one tine

Add on to solution that
[ def aul t =of f ]

Conpare all solutions to input solution
[ def aul t =of f ]

is input

Anal yze input solution w thout doing anything
el se [defaul t=off]

do [not] check out all solutions by testing
all one-site deletions [default=delete]

do [not] check out all solutions by testing
their inverses (does not apply if a solution
is centrosymetric or if anomal ous differences
are not used). [default=inverse]

of mean and standard devi ati on of scores for tria
solutions for Pattersons, Cross-fouriers,
maps, and nean figure of nmerit.
when you are running SOLVE after
file it wites out at the end.

nodi fyi ng the script

max # of heavy atons if nsolsite is not set

Scoring table (usually generated by SOLVE) consisting

Nati ve Fouri er
This keyword is useful

once a plausible solution is found, don't keep | ooking,
just add on sites to it and check it at the end. [default]

QU CK
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THOROUGH

NTOL_SI TE

NTOL_SOLN

ACCEPTANCE xx

SN M N xx

SN RATIO MN  xx

NO SI M
SAD

keep | ooki ng anyways until a limt set by ntopsolve,
nseedsol ve, etc is reached.

a site within ntol _site grid units of an existing site is
considered to be a duplicate and is ignored. [default=8]

a heavy-atom sol ution for which every site matches anot her
solution within ntol _soln grid units is considered to be
a duplicate and is ignored. [default=2]

the wei ghting function for scoring patterson and free-

di fference fourier peak heights is adjusted so that a new
site with height relative to the previous average hei ght
of ACCEPTANCE or higher will generally give a solution
with a higher score than the solution without this site.
[default =0. 2]

I dentify working resolution as the point where signal -
to-noise in the data goes down to about XX. Default =0.5

Identify working resolution as the point where signal -

to-noise in the data goes down to about XX tines its
maxi mum val ue. Larger of value of S/ N obtained by SN.MN and
SN RATIO M N used. Default = 0.1

Do not use Simweighing with heavy-atom structure factors in
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# solve.com -- take 1 nad dataset and solve it
# version that reads ccp4 ntz data file
#

set env CCP4_OPEN UNKNOWWN
sol ve <<ECD
logfile solve.logfile I wite out nost information to this file.
resolution 20 3.0 I you need resolution. Cell parans read
I fromthe ntz file.

I get the data fromccp4 file mad_fbar-cad. nt z:
' NOTE: do not put in FP=FP SI G-P=SI G-P because SOLVE w || assune it is MR
' Also you can ElI THER use | abin/hklin OR readccp4_unnerged but not both.

| abi n FPH1=FPH1 S| GFPH1=SI G-PH1 DPH1=DPH1l S| GDPH1=SI GDPH1
| abi n FPH2=FPH2 S| GFPH2=S| GFPH2 DPH2=DPH2 S| GDPH2=SI GDPH2
| abi n FPH3=FPH3 S| G-FPH3=SI G-FPH3 DPH3=DPH3 S| GDPH3=SI GDPH3
hklin mad_fbar-cad.ntz

I scaled data is all ready

mad_at om se

| anbda 1

| abel set 1 with 2 se atonms, |anbda 1
wavel ength . 9782

fprinv_mad -10

fprprv_mad 3

ATOWNAME Se

at om

wavel engt h val ue

f' value at this wavel ength

f doubl epri ne val ue

we're about to enter data on an

| anbda 2

wavel ength 0. 977865
fprinv_mad -7.5
fprprv_mad 5

| anmbda 3

wavel engt h 0. 8856
fprinv_mad -2

fprprv_mad 3.5

nres 80

nanomel ous 2

|

anal yze _nad

sol ve

R all done----------

file://IC|/Documents¥20and%20Setti ngs/terwill/Desktop/html_081005/html/html_solve/manual/sample_scripts/ccp4_mad.html8/10/2005 3:47:24 PM



file:///CJ/Documents¥%20and%20Setti ngs/terwill/Desktop/html_081005/html/html_solve/manual/sample_scripts/ccpd_mir.html

command file to solve a 2-deriv MR dataset using ccp4 ntz input

It | ooks just like one_mr_dataset.htm except it has LABIN and HKLI N
and it has no rawnativefile or rawderivfile and no scal e native or
scal e_derivative

ST S ey

# CCP4_OPEN environnmental variable set to UNKNOMW so file overwiting will work
setenv CCP4_OPEN UNKNOWN

sol ve <<EQD
! ccpd ntz file input
! solve a 2-deriv MR dat aset
logfile mr.logfile I wite out nost information to this file.
I summary info will be witten to sol ve. prt
resolution 20 3 I you need resolution. space group and cel
I dimensions read fromnmz file.
I get the ntz file information and read it in:
| abi n FP=FP S| G-P=SI GFP FPH1=FPHl1 SI GFPH1=SI GFPH1 DPH1=DPH1 S| GDPH1=S| GDPH1
| abi n FPH2=FPH2 SI GFPH2=SI GFPH2 DPH2=DPH2 S| GDPH2=SI| GDPH2
hklin mr_fbar-cad. ntz

' now we're ready with scal ed data

derivative 1 I about to enter information on derivative #1
| abel deriv 1 HG I a label for this deriv
at ommane hg
I nano ' You need to tell it if anomalous diffs are

I to be used
noanor ef i ne I use anonal ous di fferences in phasing

' but not refinenent (best option for MR)

nsol site deriv 2 I max 2 sites this deriv

derivative 2
| abel deriv 2 also hg
at ommane hg
I nano
noanor efi ne I use anonal ous di fferences in phasing
I but not refinenment (best option for MR)
acceptance 0. 35 accept a newsite if it has a
peak hei ght about 1/3 of avg or nore
nunber of sites per deriv
(use nsolsite deriv to set individual

nsolsite 2

val ues)

ANALYZE M R I analyze this mr data and set up for SCLVE
SCLVE

ECD
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Contents I ndex

What to do next after you'verun SOLVE
After you have run SOLVE you should first:

. Havealook at how to interpret your output

If SOLVE successfully solved your structure you might:

. look at your solve.ezd map directly with Alwyn Jones "O" program ( www.imsh.au.dk/~mok/
o/ ) or your equivalent solve.ccp4_map with CCP4.\

« Qo on to density modification and automated model-building with RESOLVE

. Check out how to export your output to other packages

If SOLVE got most of the heavy atom solution you can:

. analyze variations on your solution with ANALYZE SOLVE
. try and add more sitesusing ADDSOLVE

and if SOLVE was not able to find a good solution you should:

. Seeif you should rerun SOLVE with different control parameters
. If you have aMAD dataset...try SOLVE with just the peak wavelength and the SAD script.

ANALYZE_SOLVE: Analyzing a known solution with SOLVE
ADDSOLVE: Getting more heavy atom sitesif you have a partial solution.

You canuse ANALYZE SOLVE or ADDSOLVE to input some sites you have obtained already. Here
iIsthe easiest way to do it:

. In your solve.com file, under "lambda 1" or "derivative 1" specify
0 atomname xx ! xx isyour atom
0 XyZXY Z I coordinates of this atom
0 .. more xyz values
. anywhere before ANALYZE_MAD or ANALYZE MIR or SAD specify:
0 ANALYZE_SOLVE (refineinput sites) or ADDSOLVE (start from input sites)

. SOLVE will refine these sites and either just phase with them (ANALYZE_SOLVE) or go on
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and find more sites (ADDSOLVE)
. Seethe sample solve.com filefor ANALYZE SOLVE and the onefor ADDSOLVE for

examples.

There is another way to do the same thing that is more complicated, but does not require re-running
scaling and analysis. If you have already run SOLVE, you can also use SOLVE to analyze aMAD or
MIR solution that you have already obtained. Start with your solve_mad.script file or solve_mir.script
file that was written out during automated SOLV E operation by the routine ANALYZE MAD or

ANALYZE MIR and:

. edit it to include the heavy atom sites that you want to check. For MAD data, you only need to
specify the heavy atom sites for the one wavel ength designated as the standard wavelength (thisis
indicated in your solve_mad.script file by thelines"Thisis the "standard" wavelength from
MADMRG" and "Put your heavy atom parameters here"), they are copied automatically to the
others. For more info on the keywords in the solve_mad.script and solve _mir.script files see the
writeups for solve mad.script (MAD data) or solve mir.script (MIR data)

. copy the 1-line scoring table from your phases-hl.script output file into your solve _mad.script or
solve _mir.script file. The keyword is scoring_table.
« Then specify the following keywords:

ANALYZE_SOLVE
SOLVE

. then move al your ouput files from previous runs to somewhere safe so that SOLVE does not
overwrite them
. then run solve using the edited solve _mad.script or solve _mir.script file as input

The program will read in these heavy atom parameters and will refine them. It will do a phasing
calculation and will analyze the derivatives relative to the pattersons and with cross-difference Fouriers.
Thisanalysisis the same as you would get at the end of SOLVE ordinarily. (SOLVE will aso write out
the files "phases-hl.export; .drg; .script asit does when running originally. Be sure you move your
original ones out of the way or use the keywords "EXPORTFILE", "PHASEFILE", and
"NEWSCRIPTFILE" to define new filenames for these output files so SOLVE does not overwrite them.)

SOLVE can be used to generate additional sitesif you have a partial heavy atom solution. Y ou do thisin
exactly the same way as described above for ANALY ZE _SOLVE except you substitute ADDSOLVE
for ANALYZE SOLVE. Then run SOLVE. It will read in your solution and generate other solutions
that are based on it and then it will analyze them for you and write out the best ones. Thisis agood thing
to do once SOLVE has found a good, but not complete solution for you. Y ou may need to increase the
number of sites allowed in asolution (NSOLSITE) to allow more sites to be found. Y ou may also want
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to reduce the value of "ACCEPTANCE" so asto include weak sites.

If you use ADDSOLVE, then you might also wish to specify the keyword "CHECK SOLVE". If you do
this, then the analysis routine will compare each solution you obtain to the one you input at the
beginning. Thisway you can see how things are going.
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib
# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib
setenv SYMINFO /usr/local/lib/solve/syminfo.lib
#

# useall system resources:

#

unlimit

#

#

# command file to use addsolve on a SAD dataset
#

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

addsolve I' look for more sites then refine and phase
mad_atom se

lambda 1

label SAD datafor Pt

rawmadfile laml.intensities

fprprv_mad 5.0
xyz 09770 0.2439 1.1071 ! put sites here
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Xyz 11877 0.2625 0.9833
Xyz 11669 0.2943 0.9205

nsolsite deriv 4 I 4 atoms max

SAD I solve an SAD dataset
EOD

#

#
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

#

# command file to use analyze solve on a SAD dataset
#

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

analyze solve I do not look for sites...just refine and phase
mad_atom se

lambda 1

label SAD datafor Pt

rawmadfile laml.intensities

fprprv_mad 5.0
xyz 09770 0.2439 1.1071 ! put sites here
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Xyz 11877 0.2625 0.9833
Xyz 11669 0.2943 0.9205

refinenone ! put this and the next line here to fix xyz

refineoccb !

nsolsite deriv 4 I 4 atoms max

SAD I solve an SAD dataset
EOD

#
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:

#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# generate SAS dataset (ano scatterer in native)
#

solve <<EOD

I generate Se SAD dataset

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

logfile generate.logfile
solvefile generate.prt
coordinatefile coords.pdb
percent_error 0.5
iranseed 31933

mad_atom Pt

lambda 1

label 0.9797 A Se SAD dataset

wavelength 0.9797

fprimv_mad -8 I ' value at this wavelength
fprprv_mad 10

ATOMNAME Pt

Xyz 0.440.16 0.38

occ 1.0

bvalue 20

ATOMNAME Pt

xyz 0.14 0.36 0.28

occ 1.0

bvalue 20

generate_mad

I now lam_1l.intensities = SAS intensity dataat 0.9797 A
end

EOD
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

#

# command file to solve an SAD dataset (Pt 1-wavelength)
#

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

mad_atom se

lambda 1

label SAD datafor Pt
rawmadfile laml.intensities

fprprv_mad 5.0

nsolsite deriv 2 I 2 atoms max
SAD I solve an SAD dataset
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EOD

#

# Now do density modification and build a mode!:
resolve<<EOD>resolve.log

Isolvent_content 0.40

seq file seq.dat I sequencefile

EOD

# All done; your output phases are in resolve.mtz and
# your moddl isin resolve.pdb

#
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN
setenv SOLVETMPDIR /var/tmp
#

#

# generate 1 mad dataset

#

solve <<EOD

I GENERATE 1 MAD DATASET:

@solve.setup
percent_error 0.5
coordinatefile coords.pdb
iranseed -199753

logfile generate.logfile
solvefile generate.prt

mad_atom se I define the scattering factors...
|

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength 0.9782 I wavelength value
fprimv_mad -10 I f* value at thiswavelength
fprprv_mad 3

ATOMNAME Se

Xyz 0.440.16 0.38

occ 1.5

bvalue 20.

ATOMNAME Se

xyz 0.23 0.45 0.165

occ 1.5

bvalue 20.

|

lambda 2

wavelength 0.977865

fprimv_mad -7.5

fprprv_mad 5
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lambda 3

wavelength 0.8856

fprimv_mad -2

fprprv_mad 3.5

!

GENERATE_MAD I generate the MAD dataset now.
!

EOD
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

# solveaMAD dataset

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 60 60 50 90 90 90
symfile /usr/local/lib/solve/p21212.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

refscattfactors ! fixscattfactors/refscattfactors

mad_atom se ! the anomalously-scattering atom

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength .9782 I wavelength value
fprimv_mad -9 I ' value at this wavelength
fprprv_mad 3.5 I f doubleprime value
rawmadfile laml.intensities I datafile for this wavelength
lambda 2

wavelength 0.977865

fprimv_mad -8

fprprv_mad 4.5
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rawvmadfile lam2.intensities

lambda 3

wavelength 0.8856

fprimv_mad -2.5

fprprv_mad 3.0

rawmadfile lam3.intensities

nres 80 I number of residuesin au
nanomal ous 2 I' number of anomal ously-scattering atomsin au
|

scae mad

analyze mad

solve

EOD

#

# Now run Resolve to do density modification and build a model
#

resolve << EOD > resolve.log

Isolvent_content 0.70 I solvent fraction

seq file seq.dat I sequencefile

EOD

#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model

#
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# command file to generate a 2-deriv MIR dataset
#

solve << EOD

resolution 20 3.0

cell 76 28 42 90 103 90

symfile /usr/local/lib/solve/c2.sym

coordinatefile coords.pdb

percent_error 10

iranseed -124093

OVERWRITE I overwrite duplicate file names without
I asking

logfile generate.logfile

solvefile generate.prt

|

deriv 1 I enter parameters for deriv 1
|

inano I use anom diffs
atom hg

occ 0.8

bvalue 40.

xyz -0.620932 -0.0765346 -0.637333
atom hg

occ 0.4

bvaue 25.

xyz -0.315098 -0.512727 -0.664318

|

deriv 2

inano

atom hg

occ 0.8

bvaue 30.

xyz 0.620932 0.5765346 0.337333

atom hg

occ 0.6
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bvalue 25.
xyz 0.515098 0.212727 0.364318

GENERATE_MIR I generate the MIR dataset now.

!
EOD
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

# solve.com solve an MIR problem

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

rawnativefile native.intensities ! native dataH K L Iobs Sigma usually
I NOTE: al datafiles must be in the same format

derivative 1 I about to enter information on derivative #1
label deriv 1 HG I alabel for this deriv

atom hg

rawderivfile derl.intensities ! derivative data

inano I 'You need to tell it if anomalous diffs are to be used
noanorefine ! use anomalous differences in phasing

I but not refinement (best option for MIR)

file:///IC|/Documents¥%20and%20Settings/terwil l/Desktop/htm...tml_solve/manual/sample_scripts/one_mir_dataset_solve.txt (1 of 2)8/10/2005 3:47:27 PM



file:///CJ/Documents¥20and%20Settings/terwill/Desktop/html_081005/html/html_solve/manual/sample_scripts/one_mir_dataset_solve.txt

nsolsite deriv 2 I max 2 sites this deriv
derivative 2
label deriv 2 also hg
atom hg
inano
noanorefine I use anomalous differences in phasing
I but not refinement (best option for MIR)
rawderivfile der2.intensities I the derivative dataisin thisfile
acceptance 0.35 I accept anew siteif it hasa
I peak height about 1/3 of avg or more
nsolsite 2 I number of sites per deriv
I (use nsolsite_deriv to set individual values)
SCALE _NATIVE | scale the native dataset
SCALE MIR I scale the derivs to the native
ANALYZE_MIR I'analyze this mir data and set up for SOLVE
SOLVE
EOD
#
# Now run Resolve to do density modification and build a model
#
resolve << EOD > resolve.log
Isolvent_content 0.40 I solvent fraction
seq file seq.dat I sequencefile
EOD
#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model
#
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:

#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# generate MIR dataset with ano scatterer in native
#

solve <<EOD

I generate fe-native + MIR dataset

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

logfile generate.logfile
solvefile generate.prt
coordinatefile coords.pdb
percent_error 1

iranseed 31933

I native dataset treated as 1-wavelength Fe data

|

mad_atom fe

lambda 1

label 1.5418 A Fe-native dataset

wavelength 1.5418

fprimv_mad -1 I ' value at this wavelength
fprprv_mad 3

ATOMNAME fe

Xyz 0.440.16 0.38

occ 1.0

bvalue 20

generate_mad

' now lam_1l.intensities = native intensity data at 1.5418 A
end

EOD

solve <<EOD
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I generate fe-native + MIR dataset
@solve.setup

logfile generate_mir.logfile
solvefile generate_mir.prt
coordinatefile coords.pdb
percent_error 4

iranseed 184231

deriv 1

inano

atom hg

occ 1.0

bvaue 31.

xyz 0.150.25 0.35

deriv 2

inano

atomname hg

occ 1.0

bvalue 25

xyz 0.51 0.31 0.145

GENERATE_MIR I generate the MIR dataset now.
I now derl.intensities, der2.intensities have deriv data

I native.intensities has native data WITHOUT anom data (don't use)
EOD
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

# command file to solve a 2-deriv MIR dataset + anom diffsin native
#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

rawnativefile laml.intensities | native data

I now read in native data again as a pseudo-deriv 1.
I put in scattering factors for pseudo-atom fel 1 with only ano
| scattering

newatomtype FEL 1
ava 0000

bva 0000

cval 0.001

fprimv O
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fprprv 3

derivative 1

|abel native data with ano diffs, treated as deriv 1

nsolsite deriv 1 l'just 1 site

rawderivfile laml.intensities

inano

anoonly I no isomorphous diffs, just ano

atomname fel1 I use our pseudo-atom with no iso scattering

I now read in the regular 2 derivs:

derivative 2 I about to enter information on derivative #1
label deriv 1 HG I'alabel for this deriv
nsolsite deriv 1 I one sitein this deriv
rawderivfile derl.intensities ! data from generate.com
inano ' You need to tell it if anomalous diffs are

I to be used
noanorefine I do not use ano diffs for refinement
atomname Hg I tell SOLVE what the heavy atom is
derivative 3
label deriv 2 also hg
rawderivfile der2.intensities I the derivative dataisin thisfile
nsolsite deriv 2
inano
noanorefine I do not use ano diffs for refinement
atomname hg
acceptance 0.35 I'accept anew siteif it hasa

I peak height about 1/3 of avg or more
SCALE _NATIVE | scale the native dataset
SCALE MIR I scale the derivs to the native
ANALYZE_MIR I'analyze this mir data and set up for SOLVE
SOLVE
EOD
#
# Now run Resolve to do density modification and build a model
#
resolve << EOD > resolve.log
Isolvent_content 0.4 I solvent fraction
EOD
#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model
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#
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Contents I ndex

COMBINE: Combining multiple MAD and MIR datasets

Combining multiple MAD or MIR datasetsis easy with SOLVE. You simply read in one dataset, scale
and analyze it, then you give SOLVE the keyword "NEW_DATASET" and go on and read in the next
dataset, scale and analyze it. When all datasets are input, you tell SOLVE to go ahead and solve the
combined datasets with the command "COMBINE_ALL_DATA", followed by "SOLVE" as usual.

When combining datasets, SOLVE first converts MAD datasets to pseudo-MIR + anomal ous scattering
(i.e., native + 1 derivative + anomalous differences). Then SOLVE uses the first native dataset as the
native. It treats the derivatives associated with that native as derivativesin the usual way. SOLVE treats
the native for the other datasets as "derivatives' without heavy atoms, and the derivatives for these
datasets as ordinary derivatives.

When the COMBINE command is used, solve writes out individual script files (e.g., solve_mad_01.
script) that could be used to analyze the individual datasets, then afinal script file (solve_combine.script)
that can be used to analyze them all together.

SOLVE takes into account any non-isomorphisms among the different datasets by using Bayesian
correlated phasing. This phasing method automatically corrects for non-isomorphism that is shared
among a group of derivatives (or in this case derivatives and pseudo-derivatives).

NOTE: Unfortunately COMBINE cannot be used with multiple mtz files. If you have mtz data and

want to use COMBINE you will need to dump your data out to aflat fileand read it in using
"readformatted".
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# generate 1 mad and 1 mir dataset to solve
#

solve <<EOD

| GENERATE MAD and MIR DATASETS:

| dataset 1: MAD dataset
resolution 20 3.0

cell 76 28 42 90 103 90

symfile /usr/local/lib/solve/c2.sym

percent_error 1
coordinatefile coords.pdb
iranseed -199753

logfile generate_mad.logfile
solvefile generate_mad.prt

mad_atom se I define the scattering factors...
|

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength 0.9782 I wavelength value
fprimv_mad -10 I f* value at thiswavelength
fprprv_mad 3

ATOMNAME Se

Xyz 0.440.16 0.38

occ 1.0

bvalue 20.

ATOMNAME Se

xyz 0.23 0.45 0.165

occ 1.0

bvalue 20.

|

lambda 2

wavelength 0.977865
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fprimv_mad -7.5
fprprv_mad 5

lambda 3

wavelength 0.8856

fprimv_mad -2

fprprv_mad 3.5

g

GENERATE_MAD I generate the MAD dataset now.
!

EOD

solve <<EOD

I NOW DATASET 2 (MIR)

@solve.setup

I change cell slightly for non-isomorphism:
cell 77 27 43 90 102 90

percent_error 1

coordinatefile coords.pdb

iranseed -189753

logfile generate_mir.logfile

solvefile generate_mir.prt

|

derivative 1

label set 1 with 1 pt atom
atomname pt

xyz 0.18 0.53 0.77 ! coords
occ 1.0

bvalue 20.

GENERATE_MIR I generatethe Pt MIR dataset now.
|

EOD
# end of generating mad and mir datasets
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

solve<<EOD > solve.log

!
I Take mad and mir datasets that may or may not

I be exactly isomorphous, combine them into one pseudo-mir dataset
I and solveit

!

logfile solve.logfile ! another log file

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

mad_atom se ! define the anomal ously-scattering atom

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength .9782 I wavelength value
fprimv_mad -10 I f* value at this wavelength
fprprv_mad 3 I f doubleprime
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rawvmadfile laml.intensities I datafile

lambda 2

wavelength 0.977865
fprimv_mad -7.5
fprprv_mad 5

rawmadfile lam2.intensities

lambda 3

wavelength 0.8856
fprimv_mad -2
fprprv_mad 3.5
rawmadfile lam3.intensities

nres 100 [approx # of residuesin protein moleculeg]

nanomalous 2 [approx # of anomalously scattering atoms per protein]
SCALE_MAD I read in and localscale the data

ANALYZE MAD I run MADMRG and MADBST and analyze all the Pattersons

rawnativefile native.intensities
|

derivative 1

label set 1 with 1 pt atoms, deriv 1
rawderivfile derl.intensities
atomname pt

nsolsite 1
scale native

scale_mir
analyze mir

I combine the datasets into one now...

combine
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go -------

solve

l-oeene al done----------

EOD

#

# Now run Resolve to do density modification
#

resolve << EOD > resolve.log
Isolvent_content 0.4 I solvent fraction
EOD

#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model

#

echo 'All done!’
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# generate 2 mad datasets

#

solve <<EOD

| GENERATE 2 MAD DATASETS:
| dataset 1

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

percent_error 4
coordinatefile coords.pdb
iranseed -199753

logfile generate.logfile
solvefile generate.prt

mad_atom se I define the scattering factors...
|

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength 0.9782 I wavelength value
fprimv_mad -10 I f* value at thiswavelength
fprprv_mad 3

ATOMNAME Se

Xyz 0.440.16 0.38

occ 1.0

bvalue 20.

ATOMNAME Se

xyz 0.23 0.45 0.165

occ 1.0

bvalue 20.

|

lambda 2
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wavelength 0.977865
fprimv_mad -7.5
fprprv_mad 5

lambda 3

wavelength 0.8856

fprimv_mad -2

fprprv_mad 3.5

|

GENERATE_MAD I generate the MAD dataset now.
|

EOD

mv laml.intensitieslaml se.intensities
mv lam2.intensities lam2_se.intensities
mv lam3.intensities lam3_se.intensities
mv lambda_1.fft dataset 1.fft

solve <<EOD

I NOW DATASET 2 (FE)
@solve.setup
percent_error 2
coordinatefile coords.pdb
iranseed -179753

logfile generate 2.logfile
solvefile generate 2.prt

mad_atom fe I define the scattering factors...
|

lambda 1

label set 1 with 1 fe atoms, lambda 1

wavelength 1.74 I wavelength value

fprimv_mad -9 I f' value at this wavelength
fprprv_mad 2.5 I f doubleprime value at this wavelength
atomname fe

xyz 0.18 0.53 0.77 ! coords

occ 1.0

bvalue 20.

lambda 2

label Fe PK

wavelength 1.73647

fprimv_mad -5
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fprprv_mad 4.5

lambda 3

label Fe RM
wavelength 0.978
fprimv_mad 1
fprprv_mad 1.5

|

GENERATE_MAD I generate the FE MAD dataset now.
|

EOD

mv laml.intensities laml fe.intensities
mv lam2.intensities lam2_fe.intensities
mv lam3.intensities lam3_fe.intensities
mv lambda_1.fft dataset 2.fft

# end of generating 2 mad datasets
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

# solve.com -- take 2 mad datasets that may or may not
# be exactly isomorphous, combine them into one pseudo-mir dataset
# and solve it

#

solve<<EOD > solve.log

logfile solve.logfile

resolution 20 3.0
cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

mad_atom se

lambda 1

label set 1 with 2 se atoms, lambda 1

wavelength .9782 I wavelength value
fprimv_mad -10 I f* value at this wavelength
fprprv_mad 3 I f doubleprime value
rawmadfile laml_se.intensities I datafile

file:///CJ/Documents¥20and%20Settings/terwill/Desktop/ht...ml_solve/manual /sample_scripts'two_mad_dataset_solve.txt (1 of 3)8/10/2005 3:47:30 PM



file:///CJ/Documents¥20and%20Settings/terwill/Desktop/html_081005/html/html_solve/manual/sample_scripts/two_mad_dataset_solve.txt

ATOMNAME Se I we're about to enter data on an atom
lambda 2

wavelength 0.977865

fprimv_mad -7.5

fprprv_mad 5

rawmadfile lam2_se.intensities

lambda 3

wavelength 0.8856
fprimv_mad -2

fprprv_mad 3.5

rawmadfile lam3_se.intensities

nres 80

nanomal ous 2

I

scae mad

anayze mad

e e e end of first dataset -------------
new_dataset I tell solve we're about to start anew one
e second MAD dataset (fe atoms) ----------
mad_atom fe

!

lambda 1

label set 1 with 1 fe atoms, lambda 1

wavelength 1.74 I wavelength value
fprimv_mad -9 I ' value at this wavelength
fprprv_mad 2.5 I f doubleprime value at this wavelength
rawmadfile laml fe.intensities

atomname fe

lambda 2

label Fe PK

wavelength 1.73647

fprimv_mad -5

fprprv_mad 4.5
rawmadfile lam2_fe.intensities

lambda 3

label Fe RM
wavelength 0.978
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fprimv_mad 1

fprprv_mad 1.5

rawmadfile lam3_fe.intensities
nres 80

nanomalous 1

scae mad

anayze mad

I combine the datasets into one now...
combine

I solveit...
solve

EOD

#

# Now run Resolve to do density modification and build a model
#

resolve << EOD > resolve.log

Isolvent_content 0.40 I solvent fraction

EOD

#

# That'sit! Now resolve.mtz has your updated phases

# and resolve.pdb has your model
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

#

# generate 2 mir datasets

#

solve <<EOD

I GENERATE 2 MIR DATASETS:

| dataset 1

resolution 20 3.0

cell 76 28 42 90 103 90

symfile /usr/local/lib/solve/c2.sym

percent_error 4
coordinatefile coords.pdb
iranseed -199753

logfile generate.logfile
solvefile generate.prt

|

derivative 1

label set 1 with 1 hg atoms, derivative 1
cell_deriv 76 28 42 90 103 90
ATOMNAME hg

xyz 0.44 0.16 0.38

occ 1.0

bvaue 20.

derivative 2

label deriv 2 set 1, lodine
cell_deriv 76 28 42 90 103 90
ATOMNAME |

xyz 0.230.450.165

occ 1.0

bvaue 20.

|

GENERATE_MIR I generate the MAD dataset now.
!
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EOD

mv derl.intensitiesderl hg.intensities
mv der2.intensities der2_i.intensities

mv native.intensities native _l.intensities

solve <<EOD

I NOW DATASET 2
@solve.setup

cell 76 284290103 90
percent_error 4
coordinatefile coords.pdb
iranseed 532131

logfile generate 2.logfile
solvefile generate 2.prt

derivative 1

label set 2 with 1 Pt atoms, derivative 1
cell _deriv 76 28 42 90 103 90
ATOMNAME pt

xyz 0.71241 0.315 0.2167

occ 1.0

bvalue 25

GENERATE_MIR I generate the MAD dataset now.
|

EOD

mv derl.intensitiesderl pt.intensities
mv native.intensities native _2.intensities

# end of generating 2 mir datasets
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

# solve.com -- take 2 mir datasets that may or may not

# be exactly isomorphous, combine them into one pseudo-mir dataset
# and solve it

#

solve<<EOD > solve.log

logfile solve.logfile

I solve.setup for test case
resolution 20 3.0

cell 76 28 42 90 103 90

symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

rawnativefile native_l.intensities
derivative 1

label set 1 with 1 hg atoms, derivative 1
rawderivfile derl hg.intensities
ATOMNAME hg

derivative 2
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label deriv 2 set 1, lodine
rawderivfile der2 i.intensities

ATOMNAME |

!

scale native

scale_mir

analyze mir

oo end of first dataset -------------

new_dataset I tell solve we're about to start a new one

Jommmmmm oo second MAD dataset (Pt atoms) ----------
rawnativefile native 2.intensities

derivative 1

label set 2 with 1 hg atoms, derivative 1

rawderivfile derl pt.intensities

ATOMNAME pt

scale native

scale_mir

analyze mir

I combine the datasets into one now...
combine

I solveit...
solve

EOD

#

# Now run Resolve to do density modification and build a model
#

resolve << EOD > resolve.log

Isolvent_content 0.40 I solvent fraction

EOD

#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model

#
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

#

# useall system resources:

#

unlimit

#

solve <<EOD

I generate se + fe mad dataset
resolution 20 3.0

cell 76 28 42 90 103 90

symfile /usr/local/lib/solve/c2.sym

logfile generate.logfile

solvefile generate.prt

coordinatefile coords.pdb

percent_error 1.0

iranseed 11933

I need to define Fe scattering factors explicitly asit is the 2nd mad atom
I new atom types for Fe (2nd mad atom) at each wavelength:
newatomtype fel 1

aval 11.76950  7.357300  3.522200 2.304500
bval 4761100 0.3072000 15.35350 76.88050
cval 1.036900

fprimv 0.3

fprprv 1.5

newatomtype fel2

aval 11.76950  7.357300  3.522200 2.304500
bval 4761100 0.3072000 15.35350 76.88050
cval 1.036900

fprimv 0.3

fprprv 1.5

newatomtype fel3

aval 11.76950  7.357300  3.522200 2.304500
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bval 4761100 0.3072000 15.35350 76.88050
cval 1.036900

fprimv 0.3

fprprv 1.5

newatomtype fel4

aval 11.76950  7.357300  3.522200 2.304500
bval 4761100 0.3072000 15.35350 76.88050
cval 1.036900

fprimv -9.0

fprprv 2.5

newatomtype fel5

aval 11.76950  7.357300  3.522200 2.304500
bval 4761100 0.3072000 15.35350 76.88050
cval 1.036900

fprimv -5.0

fprprv 4.5

| dataset treated as se MAD datawith Fe as extra atom

mad_atom se I define the scattering factors...

|

lambda 1

label set 1 with se+ Fe, lambda 1

wavelength 0.9000 I wavelength value

fprimv_mad -1.6 I'f' value for Se (fe defined in fel1)
fprprv_mad 3.4

ATOMNAME Se

I generate automatically sets up se at al the other wavelengths too
xyz 0.440.16 0.38

occ 1.0

bvalue 20

atomname fel 1

I generate automatically sets up fel2, fel3 etc at other wavelengths
xyz 0.150.33 0.40

occ 1.0

bvalue 20

lambda 2
wavelength .9794
fprimv_mad -8.5
fprprv_mad 4.8

lambda 3
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wavelength 0.9797
fprimv_mad -9.85
fprprv_mad 2.86

lambda 4

wavelength 1.74 I' wavelength value

fprimv_mad -0.6 I f prime value for Se (fe defined in fel4)
fprprv_mad 1.4

lambda 5

wavelength 1.736 I wavelength value

fprimv_mad -0.6 I f prime value for Se (fe defined in fel4)

fprprv_mad 1.4

generate_mad

EOD
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#/bin/csh

#

# solve.comfileto run SOLVE/RESOLVE version 2.01
#

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

# set CCP4 and SOLVETMPDIR and SYMOP variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMOP /usr/local/lib/solve/symop.lib

setenv SYMINFO /usr/local/lib/solve/syminfo.lib

#

# useall system resources:

#

unlimit

#

solve<<EOD > solve.log

I Solve 1 mad dataset with 2 anomal ously-scattering atoms
logfile solve.logfile
resolution 20 3.0

cell 76 28 42 90 103 90
symfile /usr/local/lib/solve/c2.sym

readf ormatted I readf ormatted/readdenzo/readtrek/readccp4 _unmerged
premerged I premerged/ unmerged

read_intensities ! read_intensities/read_amplitudes

fixscattfactors ! fixscattfactors/refscattfactors

titte 5-wavelength 2-ano scatterer MAD dataset ! atitle for this dataset
I Read in the data twice: once treated as Se and once as Fe.

mad_atom se I the anomalously scattering atom is selenium
lambda 1 I info on wavelength #1 follows

label Wavelength # 1 I alabel for this wavelength

rawmadfile laml.intensities ! datafile for lambda 1 containing raw Intensities

wavelength 0.9000 I wavelength value
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fprimv_mad -1.6 I ' value at this wavelength (for Se)
fprprv_mad 3.4 I' f doubleprime value at this wavelength

alomname se I the atom name

lambda 2

rawmadfile lam2.intensities
wavelength 0.9794
fprimv_mad -8.5
fprprv_mad 4.8

lambda 3

rawmadfile lam3.intensities
wavelength 0.9797
fprimv_mad -9.85
fprprv_mad 2.86

nres 100 [approx # of residues of protein in asymmetric unit]

nanomalous 1 [approx # of anomalously scattering Se atomsin a.u.]
SCALE_MAD I read in and localscale the data

ANALYZE MAD I run MADMRG and MADBST and analyze all the Pattersons

I now do it al over for Fe instead of Se:

NEW_DATASET I tell solve we're starting a new dataset
mad_atom Fe I the anomalously scattering atom is Fe
lambda 1 I'info on wavelength #1 follows

label Wavelength # 1 I'alabel for thiswavelength

rawmadfile lam4.intensities ! datafile for lambda 1 containing raw Intensities
atomname fe

wavelength 1.74 I wavelength value

fprimv_mad -9 I ' value for Fe at this wavelength
fprprv_mad 2.5 I f doubleprime at this wavelength
lambda 2

rawmadfile lam5S.intensities

wavelength 1.73647

fprimv_mad -5

fprprv_mad 4.5
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lambda 3

rawmadfile lam3.intensities
wavelength 0.9797
fprimv_mad 0.3
fprprv_mad 1.5

nres 100 [approx # of residues of protein in asymmetric unit]

nanomalous 1 [approx # of anomalously scattering Fe atomsin a.u.]
SCALE_MAD I read in and localscale the data

ANALYZE MAD I run MADMRG and MADBST and analyze all the Pattersons
I now combine the datasets into one

COMBINE_ALL_DATA

I now solveit asawhole

SOLVE I Solve the structure

e al done----------

EOD

#

# Now run Resolve to do density modification and build a model
#

resolve << EOD > resolve.log

Isolvent_content 0.4 I solvent fraction

EOD

#

# That'sit! Now resolve.mtz has your updated phases
# and resolve.pdb has your model
#
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Contents Index

All commandsfor SOLVE

Thisisalist of al the commands for SOLVE. Commands cause SOLVE to do something (solve a structure, scale data, search
for heavy atoms, draw a map), while keywords set values of parameters (number of heavy atom sites, f' value)

Also seethelist of common keywords that apply to automated SOLVE operation and the list of all keywords.

ALI AS: set an alternate nane for a keyword
ANALYZE_NMAD: anal yze MAD data with MADBST and MADVRG
ANALYZE M R. analyze MR data

AVG OM T: average key parts of a set of omt nmaps
BTOF: convert from binary dorgbn file to formatted one

CART_TO FRACT: convert Cartesian coordinates to fractional

COMBI NE_ALL_DATA: put together several datasets into pseudo-M R dat aset
COVWARE_SOLN: conpare two heavy-atom solutions and see if they are equival ent
COVWPLETE: determ ne conpl et eness of a dat aset

DRGTOXPLOR write out FOBS, SIGVA in X-PLOR fornmat

END: end the program

EXPORT: wite out h,k,|I, data without any titles

FDI FF: Create pseudo-nutant dataset for difference refinenment

FFTTOCCP4: convert asymetric unit of FFT to asymmetric unit in ccp4 nmap format
FFTTOEZD: convert asymmetric unit of FFT to any portion of cell in EZDNEW for mat
(for O

FFTTOVAPVI EW convert asymmetric unit of FFT to any portion of cell in a format for
MAPVI EW

FI LEMERGE: conbi ne or extract data colums from dorgbn files

FTOB: convert fromformatted dorgbn file to binary one

FRACT _TO CART: convert fractional coordinates to Cartesian

GENERATE_MAD: generate MAD dat aset

GENERATE_M R:  generate M R dat aset

GETANOM convert from F+ and F- to Fbar and Del Anom

GETI SO cal cul ate differences between two data col umms

GETPHASES: convert from A B coefficients to F and phase

HA PDB: wite out current set of heavy atons in pdb fornmat

HASSP: search for solutions to a patterson map

H STORY: |ist commands and keywords input to SOLVE

HEAVY: refine heavy atom paraneters

HELP: get information on this program

| MPORT: read in formatted file with h,k,|,data, stripping off any text
LOCALSCALE: scal e one dataset to another with | ocal scaling

MADBST: estimate heavy-atom structure factors from MAD dat a

MADMRG create pseudo-SI Rtanom data from MAD dat a

MAPS: cal cul ate Fourier and Patterson maps

MAPTOASYM Map a PDB file onto the asymmetric unit of the crystal

MAPTOOBJECT: Map atons to equival ent position close to specified object

MATH: Add, subtract, generate columms of data, used to construct test datasets and
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operate on dat a.

MERGE: merge equivalent reflections and wite out asymretric unit
NEW DATASET: start reading in a new dataset to be conbined |ater
NOLOG stop witing log file

PEAKSEARCH: find peaks in Fourier map
PREFERENCES: di splay symetry file, cell dinensions, and grids for FFT
RHO Wite out value of a map at positions of atons in a PDB file.

SAD: sol ve a SAD dat aset

SCALE NATIVE: read in and scale native data for a MR dat aset
SCALE MAD: read in and scale MAD data

SCALE MR read in and scale MR data foll ow ng SCALE NATI VE
SOLVE: solve an MR or MAD dat aset

STOP: end the program

VIEW view a binary dorgbn file
VEEI GHTS: set up wei ghting schenme for atom c refinenent
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Auto -- Automated structure determination (with sample input files)

Contents I ndex

Automated structure deter mination with SOLVE
What you will need to input to SOLVE
To solve a structure automatically using SOLV E you need the following things:

« Your unit cell information and resolution.
. some raw datafilesin Scalepack or d* TREK or just a plain text format

. knowledge of what your heavy atoms are, and for MAD data, approximate values of the
scattering factors (f' and ") at each wavelength. The best place to get these ' and f* numbers are
from the beamline staff where you collected your data. If you have no other source of ' and f"
information, you can use tables of values, but thiswon't work as well.

How torun SOLVE

Torun SOLVE, al youneedtodois:

. Set the environmental variable CCP4_OPEN to UNKNOWN with the following command:
o setenv CCP4_OPEN UNKNOWN
o (You cando thisinyour .login_custom fileif you like)

. Choose a sample contral file, edit it to match your data, and run SOLVE with it.

« You can watch SOLVE run by looking at the end of the "solve.status' with "tail -30f solve.
status'. Thisfile will tell you where to look if something got typed in wrong and it will keep you
informed about the structure determination asit goes.

. After SOLVE finishes, have alook at how to interpret your SOLVE output.

. If SOLVE islooking through more solutions than you want it to, and you would like SOLVE to
finish up as quickly as possible, use the solve.contral file to tell SOLVE to finish up.

« You may want to look at the keywords that you can use to control how SOLVE carries out its
search for solutions.

. Also havealook at what to do next such as the ways that you can try and get more solutions

. Havealook at how to pass your data on to other packages after SOLVE has finished.

If you want to run solve more interactively or useit to do a host of other things such as peaksearches on
maps, converting from binary to formatted files, or calculating coefficients for difference refinement,
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Auto -- Automated structure determination (with sample input files)

have alook at the table of contents for alist of things you can do.

Y ou might want to try SOLVE out on some test datain your space group using the generate feature. This

allowsyou to create aMAD or MIR dataset with any heavy atom sites you want and then run SOLVE on
it. If you start with a PDB coordinate file, you can generate a dataset, solveit, and use "O" to display the
NEWEZD electron density map that SOLVE creates along with the correct structure.
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Contents Index

How tointerpret the output from SOLVE

SOLVE writes out some files that have information on how the structure solution went and others that
allow you to look at a map and export phases. Here are the most important files that SOLV E writes out
when it is done:

« solve.prt (Summary of SOLVE results)

. solve.ezd (Portable electron density map)

. solve.ccpd map (CCPA4 electron density map)

. solve.mtz (ccp4 mtz file with F, Phases, Hendrickson-L attman coefficients)

. phases-hl.export (Formatted file with phases and Hendrickson- Lattman coefficients ready to read

into ccp4)
. phases-hl.script (Final parameters ready to use again in SOLVE)

Other files SOLVE writes out include:

. patt Fa.ezd (Portable Fa Patterson, MAD data only)
. patt iso orig removed derl.ezd (Portable origin-removed isomorphous difference patterson,

MIR only)
. patt ano orig_removed derl.ezd (Portable origin-removed anomalous difference patterson, MIR

with ano differences only)
. hapdb (heavy atomsin pdb format)
. solvefft
. phases-hl.drg

solve.prt: an analysis of the top solutions found.

. Ifthereisareally clear solution, then just one solution is written out
. For each solution, the solve.prt file lists (see examples):

o the Patterson solution,
o values of cross-validation difference Fouriers for each heavy atom site
o phasing statistics (see HEAVY, for details)
o Z-scoresfor
« the Patterson
« cross-validation difference Fouriers
= analysis of the native Fourier
« figure of merit
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=« overall scoring
. You want to look for:
o mostly positive peaksin your patterson solution,
o high peaks (5 to 15 sigma) for all your cross-difference Fouriers
o adecent figure of merit (0.5 or better)
o Z-scorefor analysis of the native Fourier of 2 or more if you have good MAD data and a
figure of merit over 0.65
o anoverall Z-score of 5-10 for a 2-site solution or 20-50 for a 10-site solution
o If SOLVE printed out several solutions, then you should expect to see some duplication
among the top solutions
» thisis because the solutions are each from a different seed and different seeds
should give the same overall solution
« Seethe analysis of relationships among solutions at the end of solve.prt
« |f you have no duplication at all and all solutions seem to have about the same poor
scores, then SOLVE probably has not obtained the right solution
« |If thereisonereally high score or lots of duplication, then it is probably on the
right track
. Seewhat to do next after you've run SOLVE for how to look at your map, export your data, or

improve your solution

Filesfor exporting output from SOLVE
solve.ezd: a portable native electron density map.

The "solve.ezd" fileisan NEWEZD electron density map. Read thisinto "O" and you're ready to look at
your electron density! In"Q", just type,

@ol ve. ezd
ezd draw
<cr>

<cr>

and you've got your map.

Y ou can aso read this map into the program mapman with the flag NEWEZD and convert it to ccp4 or
other formats.

solve.ccp4_map: a CCP4-formatted native electron density map.
The solve.ccp4_map file is ready to be read into CCP4 programs for viewing or modification.
solve.mtz: a ccp4 mtz filewith F, phases and Hendrickson- L attman coefficients.
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The "solve.mtz” file isabinary file in ccp4 mtz format containing Fnative, sigma, phases, figure of
merit, and Hendrickson-L attman coefficients cal culated using Bayesian phasing. The column namesin
thisfile are:

. HKL FPSIGFPPHIB FOM HLA HLB HLC HLD

. HK L areindices

. FPSIGFP PHIB FOM are F, sigma, best phase, and figure of merit. For MAD data, the FP and
phase are values estimated at the reference wavel ength (usually the shortest wavelength).

« HLA HLB HLC HLD are Hendrickson-L attman coefficients

phases-hl.export: aportablelist of phases.

The "phases-hl.export” file is aformatted file containing Fnative, sigma, phases, figure of merit, and
Hendrickson-Lattman coefficients calculated using Bayesian phasing. Copy and edit the header at the
top into acommand file and use it to read the "phases-hl.export” file into ccp4 mtz format. Then you're
ready to do density modification or whatever you like with your map.

Also see Importing and Exporting datawith SOLVE for more information about importing datafiles and
maps.

phases-hl.script: a script file with heavy atom parameters

The routine also writes out afile "phases-hl.script" containing your refined parameters for the heavy
atoms.

« You can paste the heavy atom parameters in phases-hl.script back into the solve_mad.script file
or solve_mir.script file written by ANALYZE MAD (or ANALYZE MIR)

. Thenyou are set to continue on with ADDSOLVE or ANALYZE SOLVE

patt Fa.ezd -- a portable Fa Patter son map (MAD data)

patt_iso orig removed_derl.ezd and patt_ano_orig_removed der1l.ezd -- portable isomorphous
and anomalous origin-removed patter son maps

These maps arein NEWEZD format and can be viewed with O or converted to other formats with
mapman in the same way as the solve.ezd electron density map. (For derivative 1 the origin-removed
maps are called ...derl and for derivative 2 ...der2, etc). Note that if you have a multiple-MAD dataset
the names of all these fileswill have 02, 03 etc appended to indicate the dataset number they came
from.
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ha.pdb -- heavy atomsin PDB for mat

Solve writes out the heavy atom positions for the top solution in PDB format in the file ha.pdb. For
MAD datathe heavy atom names are something like LAM1 (for lambda-1). The residue names are the
derivative (or wavelength) number (DE1 means derivative 1).

solve.fft -- UCLA format map file

Here solve.fft is the same map as "solve.ezd", but in the uclaformat.

phases-hl.drg -- binary output file

The "phases-hl.drg" contains the same information as "phases-hl.export" but it isin the binary ucla

format. "phases-hl.drg" can be used to calculate electron density maps in this package or in another
package.

file:///CJ/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_sol ve/manual /output.html (4 of 4)8/10/2005 3:47:33 PM



Generating and solving model datasets with errors

Contents Index

Generating and solving model datasetswith errors

Generate alows you to construct an MIR or MAD dataset in which you specify the heavy atom locations and types.
Y ou can even specify the cell parameters for each derivative of an MIR dataset to simulate non-isomorphism. The
output from GENERATE is suitable as input to SOLVE and you can run them in one script file to generate, then
SOLVE, adataset.

If you start with a PDB file in "coords.pdb™" and specify "checksolve", then you can generate a dataset, solve it, and
display the "solve.ezd" electron density map that SOLV E comes up with using "O". The map will automatically be
referred to the same origin as the coords.pdb structure so you can overlay your map and the model to see how good the
solution is. Please note that the EZD map will cover the asymmetric unit only. Y ou may need to put your model in the
asymmetric unit or else use Gerard Kleywegt's program mapman; manipulate your map (read it in to mapman as
"NEWEZD") before you overlay the map.

Here are sample files that generate and solve MIR and MAD datasets. The keywords for generate_ mir and
generate_mad follow after the samples.

If you specify "checksolve" when you run one of these command files then SOLVE will automatically compare all the
solutionsiit is getting with the one that you started with.

I gensol vem r. scri pt
I command file to generate an MR dataset and solve it

CELL 76 28 42 90 103 90

SYMFI LE /usr/local/lib/solvelc2. sym

resolution 3.0 20.0

| ogfile gensolvemr.logfile

sol vefile gensol vemr. prt

percent _error 3.0 I 3% error added to intensities

coordi natefil e coords. pdb I coordinate file used to generate
I the starting I's (if none suppli ed,
I the routine nakes up I's

deriv 1

cell _derivative 77 28 41 90 103 90 I Try cell parans for derivatives that
I are about 1%different fromw

i nano

atom hg

occ 1.0

bval ue 31.

xyz 0.15 0.25 0.35

deriv 2

cell derivative 75 28 42 90 102.5 90
i nano

atom au
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occ 0.8
bval ue 25.
xyz 0.33 0.15 0.17

GENERATE_M R I generate the MR dataset now.

I Now the data are in: native.intensities, derl.intensities, and der2.intensities
... now analyze this MR dataset. .

rawnativefile native.intensities I'file for native data

pr ener ged
readf ormatt ed

got oder 1

rawderivfile derl.intensities I W have to use "gotoder" because we're in the
I middle of SOLVE, not starting fromthe

I begi nning, and we have al ready specified

I nmore than one derivative.

got oder 2

rawderi vfile der2.intensities

nres 87 [approx # of residues in protein nolecule]
nsolsite 1 I one site per derivative

checksol ve I conpare the solutions to the correct one
conparisonfile native.fft I get correlation coefficient of map

Ical cul ated from each solution along the
Iway with the true map in native.fft

scal e_native
scale_mr
anal yze_mr
sol ve

I gensol vemad. scri pt

I command file to generate a MAD dataset and solve it

CELL 72 28 42 90 103 90

SYMFI LE /usr/local/lib/solvel/c2.sym

resolution 3.0 20.0

| ogfil e gensol venad. | ogfile

sol vefil e gensol vermad. prt

percent _error 3.0 I 3% error added to intensities

coordi natefil e coords. pdb I coordinate file used to generate
I the starting I's (if none supplied,
I the routine makes up I's

mad_at om se I define the scattering factors..

| anbda 1
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wavel ength 0. 90

fprimv_mad -1.6

fprprv_mad 3.4

at ormane se

xyz 0.197 0.377 0.216

occ 1.0

bf actor 20

at omane se I you only have to specify the coords for
I this one wavel ength (they' re copied to the
I ot hers)

xyz 0.216 0.115 0.399

occ 1.0

bfactor 20

| anbda 2

wavel ength 0. 9794

fprimv_mad -8.5

fprprv_mad 4.8

| anbda 3

wavel ength 0. 9797

fprinmv_mad -9.85

fprprv_md 2.9

GENERATE_MAD I generate the MAD dat aset now.

I Now the data are in: laml.intensities, lanR.intensities, and lanB.intensities for
' the 3 wavel engths of data

I solve the dat aset

pr ener ged
readf ormatt ed

got oder 1

rawmadfile laml.intensities
got oder 2

rawmadfile lanR.intensities
got oder 3

rawmadfile lanB.intensities

nres 87 [approx # of residues in protein nolecule]

nanomal ous 2

checksol ve

conparisonfile |anbda_1.fft I get correlation coefficient of map
Ical cul ated from each solution al ong the
Iway with the true map in lanbda_1.fft

scal e_nad
anal yze mad
sol ve

Notes on using GENERATE_MAD
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Y ou can have your generated MAD dataset contain more than one anomal ously-scattering atom. Y ou input information
on the first atom type in the usual way as described above. For the second atom type, you need to:

. input one NEWATOMTY PE with scattering factors for each wavelength of MAD data The NEWATOMTY PE
for the various wavelengths must be of the Form PTL1 PTL2 PTL3 etc., for lambda 1, 2, 3.

. input the heavy atom parameters for this atom for lambda 1

. SOLVE will generate heavy atom parameters for this atom for all the other wavelengths and will includeit in
the generate procedure.

Keywords for GENERATE_MIR and GENERATE_MAD

coordi natefile pdb file with coordinates. Used to generate the starting
val ues of F and phase for the structure. Only CN O and S
atons are read in.

percent _error % error added to intensities

cell _derivative a b c al pha beta gamm (only for generate_mir) cell paraneters
for this derivative.

derivative nn

| anbda nn derivative or wavel engt h nunber

at omane XX nane of an atom about to be specified
Xyz X'y z coordi nates of this atom

bval ue b b- f act or

occupancy occupancy val ue
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SCALE_MAD: Scaling MAD datasets

SCALE_MAD isaroutine to read in MAD data from a Scalepack output file or from another formatted
fileand to scaleit and put it al in afile suitable for ANALYZE MAD and SOLVE. Itisordinarily
called as thefirst step in a completely automated structure determination and is followed by
ANALYZE MAD and SOLVE. It can aso be run on its own. The routine works well when the MAD
data has been collected in very nearly the same way at al wavelengths and anomal ous differences have
been measured at all wavelengths either by inverse beam or by mirror plane symmetry. The routine
assumes that either:

. you have already merged your anomalous data and your data files contain 4 columns (I1+,sigma,|-,
sigma), or
. you have not merged the data and your data columns contain 2 columns (I, sigma).

(Note: the data can be amplitudes, not intensities if you read in the data with READFORMATTED and
you specify the flag READ_AMPLITUDES)

For the second casg, reflections with H K L corresponding to 1+ and |- are treated as such.

SCALE_MAD first estimates the overall absolute scale of the data using the datain the lowest resolution
shell from the first datafile and the number of protein residues in the asymmetric unit (NRES).
SCALE_MAD separates Bijvoet pairsinto separate files. SCALE_MAD scales all the input datafilesto
thefirst datafile using just an overal scale and B. Then it merges all the data from all datafiles into one
averaged dataset and rescales all the datasets to the averaged dataset using LOCAL SCALE.

A typical input script for SCALE_MAD looks just like the one for automated MAD structure
determination except you leave off the commands"ANALYZE MAD" and "SOLVE".

KEYWORDS f or SCALE_MAD:

LAMBDA n The next RAWVADFI LE(s) that are read in wll be
for | anbda n

MADFBARFI LE xx.scl Qutput file with (Fbar, sigma, Del Ano, si gna)
for each wavel ength will be xx.scl
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Scale_mad
( DEFAULT="mad_f bar. scl ")
MADFPFMFI LE yy.scl Qutput file with (F+,sigm, F-,sigm) for each

wavel ength wll be yy. scl
( DEFAULT="mad_f pfm scl ")

See also the commonly-used keywords for automated SOLV E operation.
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ANALYZE_MAD: Analyzinga MAD dataset

ANALYZE_MAD isaroutineto run MADMRG and MADBST. Y ou usually do not have to worry about this routine
at all because it isordinarily called right after running SCALE_MAD for automatic structure determination, and all the
parameters are already set for you. It isordinarily followed by running SOLVE with the solve_mad.script file written
out by thisroutine or by using the keyword "SOLVE" after running this routine.

ANALYZE_MAD assumes that you have adatafile ("mad_fbar.scl") that contains (Fbar,sigma,Del Ano,sigma) for
each wavelength of MAD data. That is, there are exactly 4 data columns for each wavelength. Thisisadorgbn file. It
isordinarily created by SCALE_MAD, but you can create your own if you like.

Torun ANALYZE_MAD, you need to input your standard setup file ("solve.setup”), and the wavelength to define as
the standard (JSTD, see below). Y ou need to input the scattering factors for the anomalously scattering atom at the
various wavelengths too. Y ou aso need to input an estimate of the number of anomalously scattering atomsin the
asymmetric unit (NANOMALOUS) and the number of protein residues in the asymmetric unit (NRES). It isonly the
ratio of NANOMALOUS to NRES that isimportant.

ANALYZE_MAD will run MADMRG (output ="madmrg.out") and MADBST ("madbst.out"). See the writeups
below for these two routines. It will calculate origin-removed difference Pattersons for al dispersive and anomalous
differences and Pattersons based on the output of MADMRG and MADBST. These maps are all compared to each
other and the correlation coefficients are displayed in atable. In atypical MAD experiment the anomalous and
dispersive difference Pattersons have correlations with each other on the order of 0.1 to 0.3 or so (pretty low, so don't
be worried).

A typical input script for ANALYZE_MAD follows.

Script for ANALYZE MAD

e Run ANALYZE MAD----------------------- -----------
@ol ve. set up ' standard information for this crystal
madf barfil e mad_f bar. scl i nput dorgbn file with (Fbar, sig, Del ano, Si g)
for each wavel ength
i nput dorgbn file with (F+,sig,F-,Sig)
for each wavel ength

madf pfnfile mad _fpfm scl

| ogfile anal yze nmad. |l ogfile ' wite out nost information to this file
mad_at om se I atomtype is selenium
fixscattfactors I do not refine scattering factors (you can if

I you want and the data is good)
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jstd 1

| anbda 1

| abel Wavel engt h #1
wavel engt h 0. 9000
fprinmv_md -1.6
fprprv_nmad 3.4

Define wavel ength #1 as the reference wavel ength
wavel ength #1 information is to foll ow

| abel for lanmbda 1

wavel engt h val ue

f' value at this wavel ength

f* value at this wavel ength

| anbda 2

wavel ength 0. 9794
fprimv_mad -8.5
fprprv_mad 4.8

| anbda 3

wavel engt h 0.9797
fprinmv_nmad -9.85
fprprv_nad 2.86

nres 100 [approx # of residues in asynmetric unit]

nanomal ous 2 [approx # of anomal ously scattering atonms in a.u.]
madnr gfi | e madnr g. out I wite the SIRAS-Ii ke MAD dataset to madnrg. out
madbstfil e madbst. out I wite the Bayesian Patterson to nmadbst. out
ANALYZE_MAD ' run MADVMRG and MADBST and anal yze all the Pattersons

Keywords for ANALYZE_MAD:

LOGFI LE xx.logfile 1log file for output will be xx.logfile

madf barfile xx.scl input dorgbn file with (Fbar, sig, Del ano, Si g)
for each wavelength will be xx.scl
[ Def aul t ="mad_f bar. scl "]
madf pfnfile xx.scl input dorgbn file with (F+,sig, F-,SiqQ)
for each wavel ength will be xx.scl
[ Defaul t="mad_f pfm scl "]

madnr gf i | e xxX. out wite the SIRAS-1i ke MAD dataset to xxx.out
[ def aul t =" nmadnr g. out "]

madbstfil e yyy. out wite coefficients for a Bayesian Patterson to yyy. out
[ def aul t =" madbst . out "]

SOLVEDATAFI LE xxx CQutput datafile wth MADVRG out put and MADBST
out put conbi ned together, suitable for use
with routine SOLVE, will be xxx. (DEFAULT fil e name
"sol ve.data") The datafile has the foll ow ng
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col ums of dat a:

Fnative (from MADVRG
Sigma of Fnative (from MADVRG
Fderiv (from MADVRG
Si gma of Fderiv (from MADVRG
Del Ano (from MADVRG)
Si gma of Del Ano (from MADVRG)
<Fh cos(theta)> (from MADBST)
<Fh sin(theta)> (from MADBST)

O~NO O WN PP

SCRI PTFI LE xxX Qut put script file containing instructions
for running SOLVE witten to xxx
[ defaul t="sol ve_mad. script”]. Starting SOLVE with
this script is equivalent to follow ng
ANALYZE _MAD wi th SOLVE.

FI XSCATTFACTORS Fix scattering factors at their input val ues.
This is a good idea if you have a reasonabl e
idea of the f' and f" values. [this is the
defaul t]

REFSCATTFACTORS refine scattering factors f' and f". If you
refine them be sure to |look at their new
val ues at the end of the routi ne MADMRG and
verify that they are reasonabl e.

mad_at om xx anomal ously scattering atomis "xx"

The atom types recogni zed by SOLVE ar e:

H H1, He, Li, Li+l, Be, Bet2, B, C, C/, N O O1,

F, F-1, Ne, Na, Na+1, My, Mg+2, A, Al +3, Si, Siv, Si+4,

P, S, d, d-1, A, K K+1, Ca, Ca+2, Sc, Sc+3, Ti, Ti+2,
Ti+3, Ti+4, V, V+2, V+3, V+5, C, C+2, Cr+3, M, M+2, M+3,
Mh+4, Fe, Fe+2, Fe+3, Co, Co+2, Co+3, N, N +2, N +3, Cu,
Cu+l, Cu+2, Zn, Zn+2, G, &@+3, CGe, CGe+4, As, Se, Br,

Br-1, Kr, Rb, Rb+1, Sr, Sr+2, Y, Y+3, Zr, Zr+4, Nb, Nb+3,
Nb+5, Mo, M+3, M+5, M+6, Tc, Ru, Ru+3, Ru+4, Rh, Rh+3,
Rh+4, Pd, Pd+2, Pd+4, Ag, Ag+l, Ag+2, Cd, Cd+2, In, [In+3,

Sn, Sn+2, Sn+4, Sb, Sb+3, Sb+5, Te, I, I-1, Xe, Cs, Cs+l,

Ba, Bat+2, La, Lat3, Ce, Ce+3, Ce+4, Pr, Pr+3, Pr+4, Nd,

Nd+3, Pm Pmt3, Sm Sm+3, Eu, Eu+2, Eu+3, G, Gd+3, Tb,

Tb+3, Dy, Dy+3, Ho, Ho+3, Er, Er+3, Tm Tmt3, Yb, Yb+2,

Yb+3, Lu, Lu+3, Hf, Hf +4, Ta, Ta+5, W W6, Re, OCs, Os+4,

lr, Ir+3, Ir+4, Pt, Pt+2, Pt+4, Au, Au+l, Au+3, Hg, Hg+l,
Hg+2, TI, TI+1, TI+3, Pb, Pb+2, Pb+4, Bi, Bi +3, Bi +5, Po,

At, Rn, Fr, Ra, Rat+2, Ac, Ac+3, Th, Th+4, Pa, U, W3, U4,
U+6, Np, Np+3, Np+4, Np+6, Pu, Pu+3, Pu+4, Pu+6, Am Cm Bk, Cf
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If xx is not recognized by SCLVE you need to
specify a newatontype and then refer to it

| anbda n wavel engt h nunmber (n=1,2,3...) for val ues
to be entered next of f' and f"

wavel engt h xx wavel ength for |anmbda xx (i.e., 0.9798)

fprim/_mad xx 1 real nunber for f' value for anomal ously
scattering atomat the current wavel ength.
Wavel ength is defined by the nost recent
val ue of the keyword "LAMBDA". You al ways
need to enter f' and f" explicitly for MAD
dat a.

fprprv_mad Xxx 1 real nunber for f" value for anomal ously
scattering atomat the current wavel ength.
Wavel ength is defined y the nost recent val ue
of the keyword " LANMBDA"

JSTD n Wavel ength "n" wll be used as the standard
to which all data is referred (see MADVRG
[defaul t= the | owest wavel engt h]

NRES n # of residues in asymmetric unit
[ def aul t =100]

NANOVALQUS n # of anonmal ously scattering atons in asymmetric unit.
Used to estimte how big the Fa val ues m ght be

NSHELLS n Nunmber of shells for analysis is n
[ def aul t =10]

bayes Use Bayesi an MAD phasing at the
very end of SOLVE. Requires that madfpfnfile
exists. It also requires that |NPHASE be
specified for all wavelengths. (This is the default)

nobayes Use the conpressed MADVRG datafile for al
phasi ng when program gets to SOLVE.
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MADMRG: Conversion of MAD data to pseudo-SIR with anomalous scattering

[Keywords | Notes]

MADMRG isaroutine for compressing a MAD dataset into a nearly-equivalent MIR + anomal ous scattering
pseudo-dataset. Thisis useful for refinement of parameters describing the anomalously scattering atoms for several
reasons, not the least of which isthe very large improvement in speed of refinement. This fast refinement is critical
for the SOLVE automated structure determination routine. Ordinarily you will not run MADMRG by itself, but
rather as part of ANALYZE_MAD or an automated structure determination. This means that you usually will not
need to be familiar with all the keywords for MADMRG.

MADMRG reads in measurements of Fbar and the anomal ous differences Del Ano at several wavelengths for each
reflection. From this data and the known values of f' and f" for the anomalously scattering atoms at these
wavelengths, the program estimates (1) the magnitude of the structure factor corresponding to al atoms except the
anomalous scatterer (Fo), (2) the "isomorphous" difference that would be measured +/- the anomalous scatterer at a
standard wavelength, and (3) the anomal ous difference that would be measured at this standard wavelength. In this
way, the MAD datais converted to aform identical to that used in the analysis of SIR+anomalous differences data.

MADMRG assumes that structure factor due to anomalous scatterer is not large compared to that due to all other
atoms. In this case iso differences among various wavelengths are proportional to differencesin (f+f') for the
anomalous scatterer, and ano diffs at each wavelength are proportional to f*. MADMRG scales all the ano diffsto a
common wavelength, then averages them. It takes all theiso diffs(e.g., L3-L1, L3-L2, L1-L2), and scales each iso
diff by: (f+f' at std wavelength)/(difference in f+f' at the 2 wavelengths) to obtain estimate of what would be
measured for the structure factor amplitude due to the entire structure at the standard wavelength minus the
structure factor amplitude of the entire structure without the anomalously scattering atoms. That is, it estimates,
delta Fiso (+/- ano scatterer at the standard wavelength). Finally, MADMRG obtains estimates of what delta Fiso
would be at each wavelength by scaling std Fiso by f+f' at that lambda. This allows the program to obtain estimates
of Fo, the structure factor amplitude due to all non-anomalously scattering atoms from each value of (Fbar - Fiso at
that lambda). These estimates of Fo are averaged.

The result of these manipulations is a pseudo-SIR+anomal ous differences dataset. The "native" structure factor
amplitude is Fo, the estimate of the structure factor amplitude due to all non-anomalously scattering atoms at the
standard wavelength. The "derivative" structure factor amplitude is Fo plus the isomorphous difference, delta Fiso,
corresponding to the contribution of the anomalously scattering atoms at the standard wavelength. The anomalous
differenceis the averaged anomalous difference, scaled to the value at the standard wavelength. Generally, the
standard wavelength is chosen to be one well away from the absorption edge of the anomalously scattering atoms,
so that f' issmall or negligible. Thisis not essential, however.

Keywords for MADMRG
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NSHELLS n nunmber of shells of resolution used to group data is
n(def aul t =10)

| NFI LE XXX input file is xxx

QUTFI LE xxx output file is xxx

mad_at om xx anomal ously scattering atomis "xx".

| anbda xx wavel ength nunber (1,2,3...) for values to be entered
next of f' and f" and for colum nunbers

wavel ength xx wavel ength val ue for |anbda xx (e.g., 0.9798)

fprimv_mad xx 1 real nunber for f' value for anonal ously scattering

atom at the current wavel ength. Wavelength is defined
by the nost recent value of the keyword "LAMBDA'. You
need f' and f" regardl ess of whether you i nput
mad_at om or aval _nad. ..

fprprv_mad xx 1 real nunber for f" value for anonal ously scattering
atom at the current wavel ength. Wavelength is defined
by the nost recent value of the keyword "LANVBDA"

LABEL | abel for this wavel ength

NCOLFBAR n Fbar for this wavel ength

NCOLSFBAR n si gnma of Fbar

NCCLDELF n Del F ano (Fplus - Fm nus)

NCOLSDELF n sigma of del F ano

JSTD n wavel ength I D for wavel ength to be consi dered the STANDARD

[ def aul t =1]
FI XSCATTFACTORS Fix scattering factors at their input val ues
REFSCATTFACTORS refine scattering factors f' and f"
[default=fix (i.e., do not refine them]

Notes on MADMRG:

OUTPUT FILE: Thisa DORGBN-style output file containing 8 columns of data. They are:

1 madmrg est of Fp-zero ("Fnative")

2 madmrg sig of fp-zero ("sig of Fnative")
3 madmrg: MOCK FDER ("Fderiv";
egual to Fp-zero + del is0)

4 madmrg sig of del iso ("Sig of Fderiv")
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5 madmrg est of del ano ("Delano”)

6 madmrg sig of del ano ("Sig of Delano")

7 madmrg weighted est of del iso for Patterson
8 madmrg weighted est of del ano for Patterson

To use thisdata as MIR + anomalous differences, simply use columns 1 and 2 as Fp (native F) and sigma; columns
3 and 4 as Fder (derivative F) and sigma; and columns 5 and 6 as delano and sigma.

The last two output columns are for use in drawing Patterson maps only. Column 7 is equal to column 3 - column 1,
multiplied by aweighting factor. Column 8 is equal to column 5, multiplied by a weighting factor. These weighting
factors are based on a Bayesian weighting scheme. The mean square iso difference in arange of resolution, less the
mean sgquare sigma of this, is a good estimate of the mean square true iso difference, Del** 2, in this shell. The
observed iso differences are weighted down by afactor equal to Del**2/(Del** 2+sigma** 2). If sigmais small
relative to Del, the weight will be about 1. If sigmais big relative to Del, the difference will be weighted down. A
similar approach is taken for the ano differences. Look at the Patterson maps you get with columns 7 and 8 and
compare them to the ones you get using column 3 - column 1 and column 5.

Please note: The output of MADMRG is set up to be used as "Mock" native and derivative data. When you refine
heavy atom parameters using this mock dataset, you must define a heavy atom type that has scattering factors
identical to those you usein MADMRG at the "standard" wavelength. That is, if you define lambda 3 as " standard"
in madmrg and f" at lambda 3 is 8.9933, then when you get to heavy atom refinement with routine HEAVY you
will need to define an atom type "L 3" (or something) that has all the right scattering factor information including an
f" of 8.9933. Use the keyword NEWATOMTY PE in HEAVY to do this easily.

Also note: when you use this datain your MIR program, DO NOT refine an overall scale factor and B for the
"derivative." The overall scale factor and B of the derivative relative to the (pseudo) native are absolutely perfect to
start with (because of the way the derivative has been set up). In this package, use the flag "NOREFINESCALE"
for the derivative.

The reason to use column 4 as sigma of Fder isthat heavy atom refinement programs such as HEAVY assume that
errorsin Fp and Fder are independent. In this case they are not. Suppose you estimated the error in Fder by
combining errorsin Fo and deliso. Then your heavy atom refinement program would estimate the error in Fder-Fnat
by combining the errors you give it for Fder (based on errorsin deliso + Fo) and the errors you give it for Fnat (the
error in Fo). The estimates of errorsin Fder-Fnat would therefore contain the errors in Fo twice. If you use column
4 as sigmaof Fder, the errorsin Fder-Fnat will be correctly calculated based on deliso and Fo.

Input data file
Thisinput data must be scaled carefully. MADMRG does not scale your data for you.
Number of protein residues and anomal ous scatterers

The program assumes that the B-factor for the anomalously scattering atomsis similar to that for al other atoms.
Using the number of protein residues and the number of anomalously scattering atoms on the next line, the program
estimates the rms value of structure factor amplitudes due to anomalously scattering atoms as a function of
resolution. Each of these are for the asymmetric unit.
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Contents Index

MADBST: Calculation of Bayesian Fa valuesfrom MAD data

[How MADBST works | Output | Keywords]

Madbst readsin MAD data from a dorgbn file. It estimates the components of the heavy (anomalously scattering)
atom structure factor (Fa) parallel to and perpendicular to the structure factor for all non-anomalously scattering
atoms. It also estimates the magnitude of Fa and its uncertainty.

Generaly you will want to use"ANALYZE _MAD" to run"MADMRG" and "MADBST" for you. Ordinarily, you
will take your scaled MAD data (the exact same data you have used for MADMRG) and use it with MADBST. The
output of MADBST can be used in (1) Patterson maps, (2) difference fouriers, (3) direct methods, and (4) in
automated structure determination with SOLVE in this package.

How MADBST works

Hereishow MADBST works. MADBST first estimates rms heavy atom structure factor for anom scattering atoms
at each wavelength used from form factor tables and # of atoms. Then MADBST goes through all the reflections
and estimates probability distributions for the components of Fh parallel (Fha) and perpendicular (Fhb) to the
structure factor corresponding to non-anomalously scattering atoms. Possible values of Fha, Fhb are deduced from
rms value of Fh and Wilson statistics. Range of Fh tested are from -3 sigmato +3 sigma. Relative probabilities of
each possible (Fha,Fhb) are calculated from Wilson statistics.

For each reflection, all above possiblities for (Fha, Fhb) are tested. For each (Fha,Fhb), values of Fp (structure
factor for protein atoms only, assumed to be along the x-axis as we have no information on it) are tested. For any set
of values of (Fha,Fhb) and Fp, it is easy to calculate values of Fbar and DelFano at each wavelength. The relative
likelihood that a particular set of values of (Fha,Fhb) and Fp is correct is estimated (from Bayes Rule), asthe
weighted residual: exp( - sum of (calc - obs)/sigma**2) for Fbar and DelfAno at all wavelengths. The a priori
probability of (Fha,Fhb) isaso included (Wilson statistics). The final "best" value of (Fha,Fhb) isjust the weighted
average over all possibilities. Similarly the "best" FH** 2 is the weighted average of FH**2 over al possibilities
(note that the best (FH**2) is not the (best FH)** 2. Reflections for which no values of Fha,Fhb are likely

( P<0.001) are rejected.

MADBST output

The output fileis a copy of theinput file, with 6 data columns appended to it, and with all reflections out of the
resolution range or with no data tossed. The extra 6 data columns are:
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ncol+1 -- <Fa cos theta> = Fh component along Fo weighted by figure of merit
ncol+2 -- <Fasin theta> = weighted Fh component perpendicular to Fo

ncol+3 -- <Fa> = best estimate of Fa

ncol+4 -- sigma of <Fa>

ncol+5 -- sgrt(<Fa**2>) = sgrt of best estimate of Fa** 2

ncol+6 -- sigma of sgrt(<Fa**2>)

The first two of these data columns can be used in difference Fourier maps to show the positions of anomalously
scattering atoms. For example, if you have an estimate of phases for Fo, the non-anomalously scattering part of the
structure from some partial solution, then you can add the phase angle for Fo on to the phase angle for Fa and draw
a Fourier for Fa, the anomalously scattering atoms. Thisisdone in SOLVE.

The third or fifth data columns can be used in a Patterson map (after squaring Fa) or in direct methods. SOLVE can
use this Patterson map that you calcul ate.

Keywords for MADBST

(many are the same asfor MADMRG):

nshel | s xx # of shells of resolution to use (usu. 5 to max of 10)
nres Xxx # of protein residues in the asymetric unit
nanomal ous XX # of anomal ously scattering atons in the a.u.
mad_at om xx Nane of anomal ously scattering atom This generates

aval _mad, bval _mad and cval _nmad for you.

| anbda n wavel ength # n (n=1,2,3..) for data to foll ow
ncol fbar n colum # of Fbar at wavelength 1
ncol sf bar n colum # of sigma of Fbar, wavelength 1
ncol delf n colum # of Del Ano at wavel ength 1
ncol sdel f n colum # of sigma fo Del Ano at wavel ength 1
(sanme for wavelength 2 etc...)
fprinv_mad xx 1 real nunber for f' value for anomal ously scattering

atom at the current wavel ength. Wavelength is defined
by the nost recent val ue of the keyword " LAVBDA".
Note that f' and f" are required regardl ess of whether
you i nput aval _nmad... or nmad_atom

fprprv_mad xx 1 real nunber for f" value for anonmal ously scattering
atom at the current wavel ength. Wavelength is defined
by the nost recent value of the keyword "LANVBDA"

infile Xxxx Input data file (.drg file)

outfile xxxx Qutput data file (.drg file, sanme as input except
reflections out of range are tossed and there are
6 additional colums of data)
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Using SOLVE with MAD data analyzed with MADBST

If you want to phase the difference Fouriers calculated by SOLV E using both the anomal ous and dispersive data
data then you can specify,

NCOLFHCOS xx
NCOLFHSIN xx

which will, for lambda (1), use the value in ncolfhcos and ncolfhsin as estimates of the heavy atom structure factor
components parallel to and perpendicular to the native structure factor. Thisis done automatically by
ANALYZE_MAD if you are using automated structure determination. Here ncolfhcos(1) isidentical to ncolfhcos.
If you specify ncolfhcos(2) it refersto "derivative" 2.

The output of MADBST provides ncolfhcos(1) and ncolfhsin(1) as"<fa cos theta>" and "<fa sin theta>" (See
MADBST writeup). Y ou might also want to use a"combined" Bayesian patterson map as output by MADBST or
an optimized difference Patterson map as calculated by MADMRG for your Patterson searches. If you want to
specify a previously calculated Patterson map for lambda 1, use the command

PATTFFTFILE xxXxXxXxx

where xxxxxx is the name of the FFT file containing this patterson. The FFT must have been calculated with this
package using the same grid as currently specified. PATTFFTFILE is equivalent to PATTFFTFILE(1), where the 1
refersto lambda 1. This keyword will result in the use of file xxxxxx as the patterson for lambda #1.
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Contents Index

SCALE_NATIVE: Scaling native data

SCALE_NATIVE and SCALE MIR areroutinesto read in MIR data from Scalepack output files or from other formatted
filesand to scaleit and put it al in afile suitable for ANALYZE MIR and SOLVE. They are ordinarily called as the first

steps in a completely automated structure determination and are followed by ANALYZE_MIR and SOLVE. They can
also be run on their own. The routines work best when the MIR data is reasonably complete. The routines assume that
either:

. you have already merged your anomalous data and your data files contain 4 columns (1+,sigma,|-,sigma), or
. you have not merged the data and your data columns contain 2 columns (I, sigma).

(Note: the data can be amplitudes, not intensities if you read in the data with READFORMATTED and you specify the
flag READ_AMPLITUDES)

For the second case, reflectionswith H K L corresponding to I+ and |- are treated as such. These choices are specified
with the keywords "merged” or "unmerged". SCALE_NATIVE can read up to 4 datafilesand SCALE_MIR canread in
up to 4 datafiles per derivative.

SCALE_NATIVE usesthefirst dataset you give it as a basis for setting the scaling of all the others. It readsin all the
data, convertsfrom | to F, maps it to the asymmetric unit, and uses the mapped data to localscale al the original
unmapped datasets. The scaled datasets are then mapped to the asymmetric unit, merged, and written out to the file you
specify with the keyword "scalednativefile" (default = "native f.drg").

Sample script filefor SCALE_NATIVE

leee o Command file to read in raw native data and scale it----

@ol ve. set up I get our standard information read in
logfile native.logfile I wite out nost information to this file.
rawnativefile native.int ! file with native data HK L lobs Sigma usually
|
|

unner ged data have not yet been reduced to the a.u.
readdenzo data witten by Scal epack

read_intensities I alternative is read_anplitudes

scal ednativefile native f.drg I output file with scaled native data
scal e _native I scale this native dataset

Keywords for SCALE_NATIVE:

file://IC|/Documents%20and%20Settings/terwill/Desktop/html_081005/html/html_solve/manual/scale_native.html (1 of 2)8/10/2005 3:47:35 PM



Scale_native

RAWNATI VEFI LE xxx. i nt File "xxx.int" will be read in as data for native
PREVERGED The data in all RAWVMADFI LEs have H K L and 4 col ums:
|+, sigma, |-, sigma
UNMERGED The data in all RAWADFI LEs have H K L and 2 col umms:
I, sigma
READDENZO The datafiles are witten by Scal epack. For unnerged data
they will be read with the formatting: (6i4,i6,2i2,i3,2f8.0)
and
nsynt2+1 lines are skipped at the top of the file. For
merged data the formatting is: (3i4,4f8.0) and
3 lines are skipped at the top of the file.
READFORVATTED The datafiles were not witten by Scal epack
They will be read with "*" formatti ng.
READ | NTENSI Tl ES The data are intensities (default)

READ AMPLI TUDES The data are anplitudes
(This is valid only with READFORVATTED)

NSKI P n Skip exactly nlines at the top of each data file
NSKI P 0O Do not skip any lines at the top of each data file
NSKIP -1 Skip O lines at the top of each data file

unl ess the keywords READDENZO and PREMERGED
are set, in which case,skip NS*4+1 |ines
where NS is the nunber of synmmetry el enents
in the space group (this is the # of lines in
a Scal epack header) [Default: NSKIP = -1]

RATM N xx M numumratio of F/sig to read in data for a
reflection at all is xx [default=0.0]. This is
useful for elimnating weak data.

OVERALLSCALE Do not do local scaling; just an overal
scale factor for F+, F- at each wavel ength.
Use this if you al ready have scal ed the data
and you don't want any nore scaling done.

SCALEDNATI VEFI LE aa. drg Scal ed native data Fnat,sig will be witten to and
read from"aa.drg" (default="native f.drg")
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Contents Index

SCALE_MIR: Scaling derivative data to a native dataset

SCALE NATIVE and SCALE_MIR are routinesto read in MIR data from Scalepack output files or from other formatted
filesand to scaleit and put it all in afile suitable for ANALYZE MIR and SOLVE. They are ordinarily called asthe first

stepsin acompletely automated structure determination and are followed by ANALYZE_MIR and SOLVE. They can also
be run on their own. The routines work best when the MIR data is reasonably complete. The routines assume that either:

. you have already merged your anomalous data and your data files contain 4 columns (1+,sigma,l-,sigma), or
. you have not merged the data and your data columns contain 2 columns (I, sigma).

(Note: the data can be amplitudes, not intensities if you read in the data with READFORMATTED and you specify the flag
READ_AMPLITUDES)

For the second case, reflections with H K L corresponding to |+ and |- are treated as such. These choices are specified with
the keywords "merged” or "unmerged”. SCALE_NATIVE can read up to 4 datafilesand SCALE_MIR canread in up to 4
datafiles per derivative.

SCALE_MIR readsin and converts the datafrom | to F, scales all the F- data in the derivative datasets to the F+ data, then
it scales each derivative (F-, F+) to the native. All the scaling is done using LOCALSCALE. The F- and F+ datafor the
derivatives are separately merged and use to create two data files. The first contains Fnat,sigma, and (Fbar,sig,Delanom,
sig) for each derivative. It is specified by the keyword "mirfbarfile” and is usually called "mir_fbar.drg". The other contains
Fnat,sigma, and (F+,sig,F-,sig) for each derivative. It is specified by the keyword "mirfpfmfile" and isusually called
"mir_fpfm.drg". If you don't want to use anomalous differences later, you can specify the "noinano” keyword for that
derivative in SOLVE. At the end of the output for SCALE_MIR will be a summary of the scaling R-factors for
isomorphous and anomalous differences and of the completeness of the datasets.

Sample script filefor SCALE_MIR

R Command file to read in raw derivative data and scale it to the native----

@ol ve. setup I get our standard information read in

logfile deriv.logfile I wite out nost information to this file.

scal ednativefile native f.drg I you need a native to scale the derivatives..
derivative 1 I about to enter information on derivative #1
rawderi vfile derivl.int I the derivative data is in derivl.int
derivative 2 I next derivative

rawderi vfile deriv2.int

unner ged I data have not yet been reduced to the a.u.
readdenzo I data witten by Scal epack
read_intensities I data are intensities (alternative is
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read_anpl i tudes)
scale_mr I scale the derivs to the native

Keywords for SCALE_MIR:

RAVWNATI VEFI LE xxx. i nt File "xxx.int" will be read in as data for native

DERI VATI VE n The next RAWM RFI LE(s) that are read in will be
for derivative n

RAVWDERI VFI LE xxX. i nt File "xxx.int" will be read in as data for
the current derivative

PREMERGED The data in all RAWADFI LEs have H K L and 4 col ums:
|+, sigma, |-, sigm
UNVERGED The data in all RAWWADFI LEs have H K L and 2 col ums:
|, sigm
READDENZO The datafiles are witten by Scal epack. For unnerged data

they will be read with the formatting: (6i4,i6,2i2,i3,2f8.0) and
nsynmt2+1 lines are skipped at the top of the file. For

nmerged data the formatting is: (3i4,4f8.0) and

3 lines are skipped at the top of the file.

READFORVATTED The datafiles were not witten by Scal epack.
They will be read with "*" formatting.

READ | NTENSI Tl ES The data are intensities (default)
READ_AMPLI TUDES The data are anplitudes
(This is valid only wth READFORVATTED)

NSKI P n Skip exactly n lines at the top of each data file
NSKI P O Do not skip any lines at the top of each data file
NSKI P -1 Skip O lines at the top of each data file

unl ess the keywords READDENZO and PREMERGED
are set, in which case,skip NS*4+1 |lines
where NS is the nunber of symetry el ements
in the space group (this is the # of lines in
a Scal epack header) [Default: NSKIP = -1]

RATM N xx Mnunumratio of F/sig to read in data for a
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reflection at all is xx [default=0.0]. This is
useful for elimnating weak data.

FPFM_ONLY Toss all acentric reflections where either F+
or F- is m ssing.

FP_OR FM Use F+ or F- as an estimate of Fbar if F+ and
F- are not both present. This is useful if
your data is not that conplete. It is
better to obtain conplete data however
This is the default for MR data.

OVERALLSCALE Do not do |ocal scaling; just an overal
scale factor for F+, F- at each wavel ength.
Use this if you al ready have scal ed the data
and you don't want any nore scaling done.

SCALEDNATI VEFI LE aa. drg Scal ed native data Fnat,sig wll be
read from"aa.drg" (default="native f.drg")
M RFBARFI LE xx. scl Qutput file with Fnat,sig, and (Fbar, si gna, Del Ano, si gnga)
for each derivative wll be xx.sc

(DEFAULT="m r _fbar.scl")
M RFPFMVFI LE yy. scl Qutput file wth Fnat, sig, and (F+, sigm, F-, sigm)

for each derivative will be yy.sc
(DEFAULT="m r_fpfmscl")
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Contents I ndex

ANALYZE_MIR: Analyzing an MIR dataset

ANALYZE_MIR isaroutineto calculate difference Pattersons and anomal ous difference Pattersons for an MIR dataset, to
calculate correlation coefficients among them all, and to set up a"solve_mir.script" file that can be used to run SOLVE on the

dataset. Y ou usually do not have to worry about this routine at all because it is ordinarily called right after running
SCALE_MIR for automatic structure determination. It is ordinarily followed by running SOLV E with the solve _mir.script file

written out by this routine or by using the keyword "SOLVE" after running this routine.

ANALYZE_MIR assumesthat you have a datafile ("mir_fbar.scl") that contains Fnat, sigma, and (Fbar,sigma,Del Ano,sigma)
for each derivative of MIR data. That is, there are exactly 2 columns of data for the native and 4 data columns for each
derivative. Thisisadorgbn file. It is ordinarily created by SCALE_MIR, but you can create your own if you like.

Torun ANALYZE_MIR, you need to input your standard setup file ("solve.setup"), and the name of the mir datafile.
ANALYZE_MIR will calculate origin-removed difference Pattersons for all isomorphous and anomalous differences. These
maps are all compared to each other and the correlation coefficients are displayed in atable. In atypical MIR experiment the
anomal ous and isomorphous difference Pattersons have correlations with each other on the order of 0.0 to 0.2 or so (pretty
low, so don't be worried).

ANALYZE_MIR writes out a script file "solve_mir.script” that you can use to go on with the SOLVE routine to solve this mir
structure. Y ou can edit this script file to modify it if you like or you can run it asis. You can also go right on with SOLVE by
adding the command "SOLVE" after "ANALYZE_MIR".

Please note that there is a dight difference between running ANALY ZE_MIR right after SCALE_MIR and in a separate
session. If you run them right after each other, you should input al the information about each derivative at once, asin the
sample script for automatic analysis of MIR data. (If you wanted to input information about derivative #1 in two placesin
your script file, you would need to use the keyword "gotoderiv 1" the second time. Y ou can avoid this by putting all the
information for derivative #1 together.)

Script for ANALYZE_MIR

A typical input script for ANALYZE_MIR follows:

| o e e RUN ANALYZE M R- === s s s s e m oo mmmeeee oo

@ol ve. set up I standard information for this crystal
mrfbarfile mr_fbar. scl I input dorgbn file with Fnat,sig, and

I (Fbar, si g, Del ano, Sig) for each wavel ength
!

logfile analyze_mr.logfile wite out nmost information to this file

derivative 1 I derivative #1 information is to foll ow
| abel deriv #1 Hg I label for deriv 1
at oomanme HG I this is an HG derivative
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derivative 2
| abel deriv #2 | odi ne
at oormane | -

ANALYZE M R

Keywords for ANALYZE_MIR:

LOGFI LE xx. | ogfile

mrfbarfile xx.scl

SCRI PTFI LE xxx

derivative n

| abel Xxxxx

ATOWNAME XXXX

+4,

Ti +2,
+2, M+3,
+3, Cu,

lanal yze all the Pattersons and
I'wite solve_mr.script

log file for output will be xx.logfile

i nput dorgbn file wth Fnat, sig, and
(Fbar, si g, Del ano, Si g)

for each wavel ength will be xx.scl
[Default="mr _fbar.scl"]

Qut put script file containing instructions

for running SOLVE witten to Xxx

[defaul t="solve_mr.script"]. Starting SCLVE with
this script is equivalent to follow ng
ANALYZE MR wi th SOLVE.

derivative nunber (n=1,2,3...) for values
to be entered next of atomane and | abel

XxxX is a label for this derivative

XXXX is the atom nane of the atons in

this derivative. This nane can be in

SOLVE' s dat abase or you can

enter it using the NEWATOMIYPE keywor d.

PLEASE NOTE: the f' and f" val ues assuned

by SOLVE are for Cu Kal pha radiation (1.54 A).

If you collected your MR data at a synchrotron
then you will want to define a new atomtype

Wi th the appropriate values of f' (fprinmv) and

f* (fprprv). See the HEAVY or SOLVE keyword

lists for entering a NEWATOMIYPE.

The atom types recogni zed by SOLVE are:

H H1, He, Li, Li+l, Be, Bet2, B, C, Cv, N O O1,
F, F-1, Ne, Na, Na+1, My, My+2, Al, Al +3, Si, Siv, Si

P, S d, d-1, Ar, K K+1, Ca, Ca+2, Sc, Sc+3, Ti,
Ti+3, Ti+4, V, V+2, V+3, V+5, C, O +2, C+3, M, M

Mh+4, Fe, Fe+2, Fe+3, Co, Co+2, Co+3, N, Ni+2, N
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Cu+1, Cu+2, Zn, Zn+2, Ga, Ga+3, Ge, Ge+4, As, Se, Br,
Br-1, Kr, Rb, Rb+1, Sr, Sr+2, Y, Y+3, Zr, Zr+4, Nb,

Nb+3,

Nb+5, M, M+3, M+5, M+6, Tc, Ru, Ru+3, Ru+4, Rh,
Rh+3,

Rh+4, Pd, Pd+2, Pd+4, Ag, Ag+l, Ag+2, Cd, Cd+2, In,
| n+3,

Sn, Sn+2, Sn+4, Sb, Sb+3, Sb+5, Te, I, 1-1, Xe, Cs,
Cs+1,

Ba, Ba+2, La, La+3, Ce, Ce+3, Ce+4, Pr, Pr+3, Pr+4,
Nd,

Nd+3, Pm Pm+3, Sm Sm+3, Eu, Eu+2, Eu+3, Gd, Gd+3,
Tb,

Th+3, Dy, Dy+3, Ho, Ho+3, Er, Er+3, Tm Tm+3, Yb, Yb
+2,

Yb+3, Lu, Lu+3, Hf, H +4, Ta, Ta+5, W W6, Re, OCs,
Cs+4,

lr, Ir+3, Ir+4, Pt, Pt+2, Pt+4, Au, Au+l, Au+3, Hg,
Hg+1,

Hg+2, TI, TI+1, TI+3, Pb, Pb+2, Pb+4, Bi, Bi +3, Bi
+5, Po,

At, Rn, Fr, Ra, Ra+2, Ac, Ac+3, Th, Th+4, Pa, U, U
+3, U+4,

U+6, Np, Np+3, Np+4, Np+6, Pu, Pu+3, Pu+4, Pu+6, Am
Cm Bk, C
NSHELLS n Nunber of shells for analysis is n

[ def aul t =10]
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Contents Index

HASSP: Patter son sear ches by the superposition method

[Script for HASSP | More about HASSP | Analyzing a solution |

HASSP is aprogram for automatically searching for solutions to a Patterson function. It isused by SOLVE asa
means of generating plausible starting solutions for aMAD or MIR dataset. You can useit to analyze any
Patterson or difference Patterson function that you have calculated with this package. Although HASSP is good at
finding possible solutions to a Patterson, it is not as good as SOLVE at evaluating these solutions. It isagood idea
to run HASSP on your Patterson functions to get an idea of what they look like, but you should really run SOLVE
to get a complete solution to your dataset.

Using HASSP isvery easy. Here is a script file that will run HASSP on a patterson that you have calculated and
put into " patterson.patt”.

Script for HASSP:

R Script for running HASSP -----------mmmmmmm oo

@ol ve. set up I set up those standard keywords
fftfile patterson. patt ' nane of file with the patterson

| ogfile hassp.prt ' wite out the results to "hassp.prt”
hassp ' run hassp

HASSP will then analyze your patterson in " patterson.patt” and will write out a sorted list of likely solutions to
this patterson.

More about HASSP

The HASSP routine uses a space-group symmetry minimum method to obtain sets of atomic sites consistent with
a patterson function. The usual procedure followed in using this program is to search for single-atom solutions to
patterson function, then to search for two-atom solutions to the patterson function. The two-atom solutions are
obtained from two sources. combination of single-atom solutions (after figuring out origin shifts and translations
along polar axes), and cross-vector searches. The idea behind a cross-vector search isthat many of the peaksin
general positions of a patterson are cross-vectors between sites. If you know the cross-vector between two sites
then once you know the position of 1 site you know the position of the second. Considering a particular cross-
vector, HASSP tests all possible positions for atom 1, generates the position of atom 2 and all the predicted peaks
it the patterson. These are compared to the patterson itself and the solution is scored.
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Searching for single-site solutions to patter son function.

A map is calculated over the range supplied (XS-XE; YS-YE; ZS-ZE), except that search is not carried out over
axiswhich are not fixed (all three in space group P1). The value of the map at each grid point is the minimum of
values of the patterson functon at the (NEQUIV-1) Harker vectors corresponding to this grid point. Peaksin this
map are stored, sorted according to symmetry, and listed after elimination of redundancies.

For pointsin general positions, the peak height listed is simply the minimum value of the patterson function at the
(NEQUIV-1) Harker vector associated with this point. For points in special positions, the listed height is the
minimum of the values of the patterson function at each of the (NEQUIV-1) Harker vectors divided by the number
of times a Harker vector associated with this point falls on that position. For example, in space group P222, an
atom at (x,y,z) yields Harker vectors (0,0,0), (2x,2y,0), (2x,0,22), and (0,2y,2z). If x=0 and y=0, though, (0,0,0)=
(2x,2y,0) and (2x,0,22)=(0,2y,2z) and there is only one unique Harker vector (excluding the origin), whichis
repeated twice. The value of the peak height listed would be 1/2 the height at (0,0,22).

The probability that a given peak of height A in thisfunction is due to a random combination of peaksis roughly
given by:

P=(1.- (1- p(A)**M )**N ) , where,

« A= minimum value of (value of patterson function at Harker vectors divided by expected noise at that
position).

. P(A) isprobahility of observing avalue of A or higher on agiven try.

« M=number of independent Harker vectors examined for this peak

« N=number of independent grid points used in search for peaks.

The noise in the map is taken to be the RM S value of the patterson function if thisisageneral position. If itisa
position of higher symmetry, the noise = sqrt(SIGMA) * the symmetry number of this position. The number of
independent grid points used in the search for peaks would roughly be equal to the number of reflections used to
make up the map if reflections at all resolutions contributed equally. A better estimate of this numbr is probably
the number of peakst+valleysin the patterson map. In this routine, we actually use 2* the number of peaks.

The grid used for al searchesis exactly the same as the grid for the input patterson map, but each time apeak is
found, al neighboring grid points are tested on a grid twice as fine and the highest of these test valuesis used.
Values of the patterson function between grid points are interpolated. Do not use agrid coarser than 1/3 the
resolution for the input patterson map. Also don't bother to use a grid finer than 1/6 the resolution. NOTE: the
input patterson map must be on a grid such that the symmetry elementslie on grid points. That is, if thereis atwo-
fold axis at 1/12 in z, then the z-axis must be divided into a number of grid points that isamultiple of 12. The
easiest way to be safeisto make sure al unit cell tranglations are multiples of 12.

Sgnificance tests

Difference patterson functions have a considerable amount of noise if acentric reflections are present. (For each
acentric reflection, the expected error [|Fph-Fp| - |fh[] is roughly equal to |Fph-Fpl). It can be shown that SIGMA,
the RMS noise in the map is roughly equal to the RM S value of the patterson function.
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Peaks in the patterson map which have a height much less than SIGMA are therefore likely to be unrelated to
atomic sites. On special positions, the RMS noise in the map will be sgrt(NSY M)* SIGMA, where NSYM isthe
symmetry number of this position.

In order not to include too many peaks due to this noise in any of the searches carried out, asignificancetest is
made for each peak if ISSGNF=0 (default). A peak isrgected if there is a probability less than SIGNIF that no
peak of this height or higher would occur by chance in this search.

Symmetry numbers of positionsin real and patterson cells

For this program, the symmetry number of a positionin areal or patterson cell is the number of waysthat a
symmetry operator in the group (patterson or real cell) can map the point onto itself (within atoler- ance of 2 grid
units). The symmetry number of ageneral positionis 1, for apoint on adyad, itis 2, etc..

Local symmetry

Local symmetry is not yet implemented in SOLVE

Obtaining an analysis of a solution that you input yourself.

In order to generate alist of local symmetry-related points and minimum self- and cross-vectors corresponding to
aset of unique sites you specify, use ITYPE = -6 with avery small search region (keyword searchregion; if you
set it to zero, though, it will replace your zeroes with the asymmetric unit of the cell as defined by your
FFTGRID).

If ITYPE=-6 is specified along with asmall (but non-zero) search region, an analysis of the sites you input on
lines 9a-... will be printed. This analysis includes the minimum values of the self- and cross-vectors for this set of
sites. This procedure will help you determine if there is anything unusual about your map.
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Contents Index

HEAVY: Heavy atom refinement and phasing

[MAD phasing | Refinement | Rejecting data | Statistical output |]

[Correlated phasing | Typical cycle] Changing heavy atom parameters]

HEAVY isageneral-purpose heavy atom refinement routine. It can be used to carry out either phase refinement or
origin-removed Patterson refinement, as well asto calculate coefficients for native Fourier and difference Fourier
maps. Ordinarily you will use HEAVY as part of an automated structure solution with SOLVE. In this case SOLVE
will write out a"phases-hl.script” script file that you can edit and use for further refinement. This should usually mean
that you will not have to generate the rather lengthy inputsto HEAVY by yourself.

Keywording inputs are most conveniently entered using a script file. Note that any values previously defined do not
need to be specified. If you run HEAVY a second time without quitting the main program and do not specify any new
parameters, the routine will start where it left off and carry out another set of refinements of the same type that you
specified the last time you ran it. Note also that average residuals are maintained throughout. This means that if you
want to refine a completely new set of data, you should start the program over.

An easy way to get afile containing all the keywords you can use for HEAVY isto edit the file generated by running
HEAVY specifiying "newfile heavy.new".

MAD phasing with HEAVY

There are 3 ways to phase MAD datausing HEAVY .

(1) You can use MADMRG to compress MAD data to data that look like SIR+anomal ous data at one wavelength (e.g.,

L1), then refine heavy atom parameters and phase just asif you did have SIRAS data. This gives you F and phase for
the structure without the anomalously scattering atoms.

(2) You can use MADMRG and then Bayesian phasing. Thisiswhat SOLVE does. In this case you convert MAD data
to SIRAS using MADMRG, then refine heavy atom parameters all asin #1. Then you use these heavy atom
parameters with the original MAD data to phase it using Bayesian MAD phasing. As you have already refined the
heavy atom parameters at L1, you do not need to redo the refinement at L2, L 3 because they are all the same. Y ou
simply run HEAVY again, specifying the keyword IMADPHASE n (where n=the wavelength # for which heavy atom
structure factors are to be calculated), and specifying REFINENONE for each heavy atom site. Y ou also need to
specify anew input file that has (instead of the MADMRG data or FBAR,DELANO data) the complete F+,sig+,F-,sig-
scaled MAD data. This can be the datafile used to create the Fbar,delano datafile. Y ou specify column numbers with
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NCOLFPLUS, NCOLSIGPLUS, NCOLFMINUS, NCOLSIGMINUS. Derivative 1 isnow your L1 data, derivative 2,
L2, etc. You include the refined heavy atom parameters for your L1 derivative and dummy atoms with the correct
scattering factors for the L2 and L3 derivatives. The dummy atoms are used to cal cul ate scattering at these other
wavelengths; they are not used in phasing per se. Y ou don't even have to put in any occupancies or xyz for these
atoms. In thisway, you have 1 set of heavy atom parameters that are applied to all 3 wavelengths. If your heavy atoms
arenot seleniumat L1, L2, and L3, you will need to use the NEWATOMTY PE keyword to input their scattering
factors.

The SOLVE routine with MAD data does all this without even leaving SOLVE. Y ou can also run HEAVY once after
MADMRG, then edit the HEAVY .NEW (or whatever you have called it) file as described above, then run HEAVY
again with IMADPHA SE specified.

If you specify IMADPHASE 1 then your output map will be calculated at the lambda of "derivative" 1, if you specify
n then it will be at the wavelength of dataset n. The phasing will be the same in any case. Note that the value of "n"
you specify will determine which heavy atom values are used in the MAD phasing calculation. If you specify "2" then
the heavy atom parameters that you type in for derivative 2 will be used.

(3) Refinement asif the MAD datawere MIR data. In this case, you choose one wavelength (the one with asmall "
and the most negative f' usually, often called "L1") as "native" and treat the other wavelength data as derivatives. In
this case you will need to define new "atoms" with the NEWATOMTY PE keyword that have values of f" that are
actual values, but values of f' that are the difference between the value at that wavelength and thevalue at L1, and
values of all the other parts (al, b1, etc) of zero. For example, if the L1 values of f' and f" are-9.6 and 2.2, and at L2
they are-7.6 and 5.8, then you need a new atom type as follows for the f* difference:

NEWATOMTYPE L2L1

AVAL 0. 00000000 0. 00000000 0. 00000000 0. 00000000
BVAL 0. 00000000 0. 00000000 0. 00000000 0. 00000000
CVAL 0. 00000000

FPRI W 2.0

FPRPRV 5.8

Youthenuse"L2L1" asyour atomname for heavy atomsin derivative 2 (L2). If you have 3 wavelength MAD data,
you now have 1 native and 2 derivatives. Y ou can refine the heavy atom parameters of the 2 derivativesin just the
usual way and obtain phases for the L1 data (including the heavy atoms) asif thiswere MIR data.

Refinement against the origin-removed Patterson map

Refinement against an origin-removed Patterson map is away of refining heavy atom parameters of each derivative
independently, and is particularly useful because the occupancies of heavy atom sites are quite accurately estimated
and because the refinement is very fast. When using this package, the recommended refinement method is this one,
with JALT=0 and KALT=0.

This refinement minimizes the sum over al reflections of,

file://IC|/Documents¥%20and%20Setti ngs/terwill/Desktop/html _081005/htmi/html_solve/manual/heavy.html (2 of 8)8/10/2005 3:47:37 PM



HEAVY

R=WGT * DEL**2
with respect to heavy atom parameters. WGT is aweighting factor, and DEL is defined as:

DEL = (Fph-Fnat)**2 - K*FH**2 - < (Fph-Fnat)**2 - K*FH**2 >

where the average <> istaken in ashell of resolution and FH is the magnitude of the calculated heavy atom structure
factor. K is 1 for centric reflections, 1/2 for acentric reflections.

Rejecting data with large Del F's:

HEAVY uses all the data that you give it that satisfy the criteria of minimum F, FOM, etc that are set above. If you
want it to reject data with especialy large Del F, then you need to specify this when you scale the data with
LOCALSCALE. Thereisan option in localscale to "reject large del F* (TOSSBAD). Use thisto get rid of the large
Del F before going into HEAVY .

| nterpreting statistical output from HEAVY

Many of the values listed at the end of a set of refinements are more-or-less self explanatory. This should include the
number of reflections read, within resolution limits, and greater than the minimum figure of merit. As these statistics
are usually printed for a cycle in which refinement is not carried out, the number of reflections used to refine is usually
zero in thislisting.

The statistical output for MAD phasing using Bayesian correlated MAD phasing is not as intuitive as the output for
MIR phasing because the standard phasing statistics do not really apply. If are running SOLVE in automatic format
and you want approximate phasing statistics, you can run SOLVE specifying "NOBAYES". Thiswill suppress the
Bayesian correlated MAD phasing at the end of SOLVE and use SIRAS phasing which isn't quite as good but for
which the statistics are easy to understand.

Other valueslisted at the end of a set of refinements include:

RMSHEAVY ATOM F: The rmsvalue of the calculated heavy atom F in the resolution range

RMS PHASE AVG'D RESIDUAL: Thisisthe rms value of the difference between calculated and observed derivative
F, whereit is averaged not only over al reflections, but over all phases for each reflection, weighted by the phase
probability

RMS(FH)/RMS(E): Thisisthe ratio of the rms heavy atom F to the rms phase averaged residual
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CENTRIC R FACTOR: Thisis<| |Fder-Fnat| - |FH| | >/< |Fder-Fnat| >

RMSDERIVATIVE F: Thisisthe rmsvaue of Fder

RMS SIGMA OF FPH: Thisisthe rms sigma of Fder

RMS SIGMA OF FP: Thisisthe rms sigma of Fnat

RMS OBSERVED DIFFERENCE: For anomalous differences, thisisthe rmsvaue of DelAno= (F+ - F-)
RMS CALCULATED DIFFERENCE: Thisisthe rms calculated anomalous difference

MEAN RATIO OF ISO TO ANO: Thisistheratio of calculated |[FH| due to normal scattering relative to that due to
anomalous scattering. If all anomalous scatterers are identical, thisis equal to (f+f')/f" for that anomal ous scatterer.

RMS(RES HA SF+LACK OF ISO SF): Thisis an estimate of the total errorsin the heavy atom model plus lack of
isomorphism that remain. It is obtained from the rms phase averaged residual and the rms native and derivative sigmas.

RMS LACK OF ISOMORPHISM SF: Thisis an estimate of the remaining lack of isomorphism. It is based on a
comparison of the anomal ous and isomorphous differences that remain

RMS RESIDUAL HEAVY ATOM SF: Thisis an estimate of the remaining heavy atom structure factor, based on the
anomalous differences and the errors in measurement.

CENTRIC LOC: Thisis an estimate of the "centric" lack-of-closure residual, obtained using both centric and acentric
reflections and correcting acentric lack-of-closure residuals by afactor of 2. These residuals are all corrected for errors
in measurement, so that if the derivative is "solved" and thereislittle lack of isomorphism, these values should all be
near zero.

ANOMALOUS LOC: Thisisthe lack-of-closure error for anomalous differences, corrected for errors in measurement.

Correlated phasing statistics

If you specify the keyword "CORRELPHASE" then HEAVY will use aroutine in phasing that takes into account the
correlations in non-isomorphism errors among the derivatives. The derivatives must be grouped into sets with
correlated errors. Y ou can specify this grouping using IEGROUP (see below) or you can let HEAVY group them for
you using the flag GETGROUPS. Note that correlated phasing makes a major improvement in the phasing power of a
set of derivativesif the errors are highly correlated (>50%). If they are not highly correlated, the routine yields
essentially the same results as the standard routine.

Whether or not correlated phasing is being used, the correlation of errors among derivativesis analyzed by HEAVY.
An example of part of alog file that illustrates thisis shown below:

Anal ysis of correlated nodeli ng and non-i sonorphi smerrors
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obt ai ned usi ng phased residuals.
The derivatives were grouped into 1 sets where the nenbers of a set
had sonme nutual correl ation.

Set 1 contains derivatives 1 2 3

SUMVARY OF CORRELATED ERRORS AMONG DERI VATI VES

DERI VATI VE: 1
CENTRI C REFLECTI ONS:
DM N: ALL 10. 81 6. 94 5. 46 4. 65 4.11 3.73 3. 43 3.20

RMS errors correlated and uncorrelated with others in group:
Correlated: 363.5 322.2 291.7 253.8 458.7 434.5 371.2 404.0 337.8
Uncorrel ated: 285.9 362.3 340.3 292.9 288.9 279.9 229.0 201.9 174.7
Correl ation of errors with other derivs:

DERI V 2: 0.83 0.66 0.76 0.70 0.88 0.89 0. 89 0.98 1.00
DERI V 3: 0.74 0.59 0.64 0.51 0.78 0.83 0.82 0.86 0.95

In this example, there are 3 derivatives, al in the same group (IEGROUP=1 for each). Of the lack-of-closure errors for
derivative 1, most (363.5, arbitrary units) were correlated with derivatives 2 and 3, and some (285.9) were unique to
this derivative. The overall correlation of errors with derivatives 2 and 3 were 83% and 74%, respectively. In fact,
correlated phasing made a major improvement in the phasing for this group of derivatives.

Normal refinement/phasing cycles.

A. Refinement vs. origin-removed Patterson map.
Input parameters: all defaults used
NCYCLE=1t030

IREFCY(1) =1,1,1,2,2,2....6,6,6,0

results:

Zeroth cycle: phases calculated for all derivatives identified with INPHASE using input lack-of-closure residuals. New
lack-of-closure residuals are calculated for these derivatives. Statistics are printed.

Cycles 1 through NCY CLE-1: in thisexample, IREFCY(l) is zero onlast cycle, but non-zero for all other cycles. For
each cycle when IREFCY (1) is non-zero: no phases are calculated no new residuals are calculated derivative IREFCY
(I isrefined as described above

Note that only 1 derivativeisrefined at atime and al are independent. Therefore in polar space groups, the coordinate
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(s) of at least one atom in each derivative must be fixed. In space group P1 parameters for a single heavy atom may not
berefined at all. If two atoms are present, the occupancy, xyz, B of one of them only may be refined. If you use
IHEAVY PROC then all thisis taken care of for you (in P1 SOLVE will refine with phase refinement if any derivs
have fewer than 3 sites, otherwise it will use patterson refinement).

Cycle NCYCLE: IREFCY (NCY CLE)=0in this example, so this cycleislike the zeroth cycle: phases are calcul ated,
new residuals calculated. If KOUT is non-zero, output data are calculated as well.

B. Refinement by minimization of lack-of-closure at most probable phase.
Input parameters:. all default except JALT=1, KALT=0.

Results: identical to the above example except:

(1) phases will be calculated every cycle

(2) derivatives will be refined by minimization of (Fph-Fc)**2

Thisis not the recommended manner of using HEAVY in this package. In most circumstances origin-removed
Patterson refinement is much more accurate. There are some instances in which phase refinement may be useful,
however. Oneiswhen it is necessary to correlate the originsin different derivatives. In space group C2, for example,
the y-coordinate is indeterminate. That means that if you have two derivatives and refine them independently, you will
not have refined the relative y-coordinates of the atomsin the two derivatives (though you will have refined the
relative y-coordinates of atoms within each derivative). Y ou might wish to use phase refinement to carry this out,
using one derivative to phase and refining y-coordinates in the other derivative. In practice, however, these relative y-
coordinates can be obtained even more accurately by simply calculating a difference Fourier for one derivative,
phasing with the other derivative. The centroid of the peak corresponding to the heavy atom site (which can be found,
for example, by PEAKSEARCH in this package) will give you the relative y-coordinate you need with very good
accuracy, and refinement of this coordinate is unnecessary. Thisis how SOLVE does this.

Note that still only 1 derivative may be refined at one time. (If you really want to phase only once per refinement of all
derivatives, calculate phases during one run and write them out with KOUT=7. Then merge file containing phases with
input DORGBN file (3 extra columns). Then run HEAVY with INPHAS=0 for each derivative and specifying

INOLD=1. Also set INRESD=-1. The program will then use the input phases during phase refinement if JALT=1. Its
probably faster to just phase each time.)

C. Just calculating phases and a map or other output.
Input: al default, except NCYCLE >0

If the input lack-of-closure residuals are ok., you can set INRESD = -1 so that new residuals will not be calculated and
a zeroth cycle will not be included. Otherwise leave INRESD = 0.
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Specify the type of map with KOUT, the derivative (if applicable) with KDER.

D. Carrying out a procedure with IHEAVY PROC. Heavy has the capability of carrying out an ordered sequence of
refinements. These are useful if you want to carry out refinement in a semi-automatic fashion. When you specify a
procedure with iheavyproc, you need to specify all the parameters that you want refined at all. Then the procedure you
choose decides which parameters to refine on which cycles. Usually you will specify REFINEALL for all atoms, then
let the procedures decide which to refine. If you use a procedure, the program will automatically fix all coordinates
that cannot possibly be refined. For example, in space group C2 one atom in each derivative must havey fixed if
origin-removed Patterson refinement is used, because the y-direction is polar. The program will fix the coordinate(s) of
the atom that is the strongest in each derivative. If you have already fixed the coordinate(s) of an atom in aderivative
(by not specifying that they be refined) then the program will just fix the atom you chose and not fix any others.

Note that you can carry out any series of refinements that you wan by setting up all your keywords for the first type of
refinement, initiating refinement with the command HEAVY, then going back to KEY WORD mode, specifying the
next type of refinement without changing or setting any other parameters unless you want to, then initiating the next
refinement cycles with HEAVY/, and so on. For example, you might type in al your heavy atom parameters, finishing
with

NREP 5

| HEAVYPROC 2

I' nowrefine 5 cycles with i heavyproc=2
HEAVY

NREP 7

| HEAVYPRCC 4

I nowrefine 7 cycles with iheavyproc=4
HEAVY

This sequence of commands resultsin 5 cycles of refinement of xyz of all atoms that you specified refinement of xyz,
then 7 cycles of refinement of xyz,occ, and B of all atoms that you specified these parameters to be refined in. Y ou can
do this sort of thing in any order and ad infinitum if you wish.

Note that there is no procedure to refine just thermal factors. With this package there is no need to alternately refine
occupancies and thermal factors. If thereisinsufficient data (i.e., very low resolution) to refine both occupancies and
thermal factors, then set the thermal factors to any reasonable value and just refine the occupancies.

Changing heavy atom parameters after you have gone on to the next atom or derivative

If you want to change which parameters for which atoms are refined after you have already set up the atoms and
refinement parameters, then you have to use a specia way to reset them. The reason you have to do something special
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isthat if you say "DERIVATIVE" then the routine assumes you are inputting data for a new derivative, so you can't go
back to a previous one with that command. Instead, you type:

GOTODERI V 2 ( to go to derivative #2)

GOTOATOM 3 (to atom #3 in deriv #2)
REFI NENONE (set all refinenment flags back to zero)
REFI NEXYZB (or whatever you want to refine for this atom

GOTOATOM 1 ( nowdo atom1l in deriv 2)
GOTCDERI V 1 (now do derivative 1)
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Contents Index

L ocal scaling and merging of data

[ Script for localscale | Keywords for localscale ]

[ Merge | Keywords for Merge | More on Merge ]

[Compl ete]
LOCALSCALE

LOCALSCALE isaroutineto scale a"derivative" dataset to a"native" dataset using local scaling. In this method the
scale factor for a particular reflection is based on the ratio of derivative:native for reflections surrounding this
reflection. This method is useful because the scale factor is not restricted to any particular function of positionin
reciprocal space.

In thisimplementation, at least 30 reflections surrounding the reflection to be scaled are used to obtain a scale factor.
Additionally, the reflections used in obtaining a scale factor are always chosen so that they form a complete sphere
around the reflection of interest (inasmuch as possible). Initial Wilson scaling is carried out before local scaling.

Datafiles: The program expects to read in two datafiles: one for the native dataset and one for the derivative. The two
filesmay in fact be the same if desired. The native dataset is expected to have h,k,l, F and sigma (at least). The
derivative dataset is expected to have h,k,l, F, and sigma, and, if desired, del F ano and sigma of del F ano. The scale
factor obtained for the derivative F is applied to al of the derivative data.

A dorgbn-style file iswritten out containing the scaled derivative data. If you wish to have the derivative and native
data in the same file, then follow this with the routine "FILEMERGE" and merge the two files. The output datafileis
NOT mapped to the asymmetric unit. Ordinarily you will want to follow LOCALSCALE with MERGE to merge the
symmetry-related reflections and map everything to the asymmetric unit. Y ou may need to run MERGE on your native
data as well, to map it to the asymmetric unit.

Sample script to localscale der.drg to nat.drg:

LR Script for localscaling of derivative F to native F -----
@ol ve. setup I standard paraneters for this dataset
infile nat.drg I native ininfile

nnatf 1 I colum for native F

nnats 2 I colum for native sigma

infile(2) der.drg I derivative in infile(2)
nderf 1 I' colum for deriv F
nders 2 I colum for deriv sigm
outfile der.scl I output file
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| ocal scal e I do | ocal scaling

Keywords for LOCALSCALE

NSHELLS n nurmber of shells of resolution used to group data(defaul t=10)
| NFI LE(1) xx file with Native which is not further scal ed
| NFI LE(2) xX file with Derivative data to scale to Native
OUTFI LE xx output file with scaled derivative data
NNATF n colum # for F of native data
NNATS n colum # of sigma of F of native data
NDERF n colum # for F of deriv data
NDERS n colum # for sigma of F of deriv data
NANCF n colum # of anonal ous difference (Fplus-Fmnu) of deriv data
NANCS n colum # of signma of anonmal ous difference
note: be sure to set those colums you don't want to O
FI LETI TLE optional title for output file
KEEPALL keep reflections even wth high differences
TOSSBAD (default) Toss reflections if differences between native and
derivative are nore than 3 * the rns found for other
refl ections.
Not e: KEEPALL and TOSSBAD apply to MERGE, LOCALSCALE
SCALE MAD, SCALE M R, SCALE NATIVE. This is the
place to reject derivative reflections with very large del F
if you want to reject themat all
ANCUT mnimum# of reflections to use to scale a reflection (30.)
RATM N mnimumratio of F/sigma to include (default=2)
NOBFACTOR if specified, do not apply overall WIson scaling before
doi ng
| ocal scaling. Generally used only along wth DAMPI NG=0.
BFACTOR undoes NOBFACTOR. Do apply WIlson scaling before | ocal scaling
DAMPI NG xX scale factor (after WIlson scaling) is danped by taking it
to the power xx. Generally used with NOBFACTOR and a val ue of
0O to not do any scaling at all.
NODAMPI NG undoes DAMPI NG by resetting danping factor to 1.0
OVERALLSCALE just get 1 scale factor for the whole dataset. No | ocal

scaling, no wilson scaling. Same as NOBFACTOR + DAMPI NG 0.0
NOOVERALLSCALE undoes OVERALLSCALE. SAME AS BFACTOR + DAMPI NG 1.0

More on localscale:
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1. A value of O or lessfor fnat or fder is assumed to mean data are not measured. A valueof 0.0 or -1.0 for del f anois
assumed to mean the data are not measured al so.

2. If sigmas are not supplied at all, then avalue of 1.0000 will be assumed. This can affect what dataare read in if you
specify aminimum F/sig >0.0

3. If aparticular (h,k,l) isfound more than once, only the first is used. Thisis because |ocal scale uses neighboring
reflections to scale each (h,k,l) and if it is found more than once there is no way to know which observations are really
its neighbors in both time and position.

MERGE

MERGE is aroutine that merges measurements of structure factor amplitudes and rejects outliers. It summarizes the
quality of the dataset in alisting of R-factorson | and on F.

Sample script file for MERGE

L Script file for merging of native F from2 data files------
@ol ve. set up I standard data for this dataset

nset 2 nunmber of input files to foll ow

infile(l) natl.drg I nput data file wwth F's unnerged

infile(2) nat2.drg anot her input data file

ncol f_merge 1 get native F fromcolum 1 in each data file
ncol sig _nerge 2 get sigma fromcolum 2

outfile native.nrg output file wwth cols 1, 2 of "Favg" and sigm
ner ge

The method followed by the programiis:
1. group equivalent reflections together, analyze 1 group at atime.

2. get mean, sd for this group
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3. reject observations differing from mean by >4 sigma
4. reject reflection outright if Chi-squared is greater than 20 and ikeepflag=0
5. calculate stats based on what's left

6. figure out the relationship between sigmas in the input files and reasonabl e estimates of the true sigmas by assuming
that the reduced chi-sguare would equal 1.0 if the correct sigmas were present. The data are fit to the equation,

Sig**2(1)=Sig** 2(Poisson)+( A*|)**2
and all sigmas are corrected with this factor.

6. write out mean, SEM for the reflection

Keywords for MERGE

NSHELLS n nunber of shells of resolution used to group data (default=10)
NFI LES n # of input files (1 to 4)

I NFI LE(1) xX input file 1

| NFI LE(2) xX input file 2 (up to 4 files)

NCOLF_NMERGE n colum nunber in input file for F (default = 1)
NCOLSI G MERGE n  colum nunber in input file for signa of F (default =2)

KEEPALL keep all reflections, regardl ess of nerging chisqgr
TOSSBAD toss reflections wth nmerging chisqgr> 20 (default)

Not e: KEEPALL and TOSSBAD al so apply to LOCALSCALE
OUTFI LE xx output file wwth 2 colums (F,sig)

More on MERGE:

It is ASSUMED that columns 1,2 are your values of F and sigma. (If thisis not true, you need to run FILEMERGE
first to create such afile). If your datais| and sigmaof I, then run MATH with1_TO_F to convert from | to F.

The input data files do not need to have datain any particular order or to have complete datasets.
The data are written out starting with minimum H,K,L and incrementing L fastest, then K, then H.

The routine reports the number of rejectsas NNN + MMM where NNN = the number rejected as being too far from
the mean for that reflection and MMM is the number of reflections rejected completely with chisgr > 20.
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Estimating compl eteness of a dataset

COMPLETE

COMPLETE aroutine to determine the completeness of a dataset. It maps input data to the asymmetric unit of the
space group and cal cul ates the percentage of datathat is present.

Sample script filefor COMPLETE:

R Script to estimate conpl eteness of a dataset ---------------
@ol ve. set up I standard i nformati on about this dataset

infile data.drg ' input dorgbn file with data to be exam ned

nnatf 1 ' colum for F

nnats 2 ' colum for sigm

ratmn 2.0 ' only use data wwth F/sigma > 2.0

conpl ete ' figure out conpleteness of this dataset
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Binary data formats used by SOLVE

Contents Index

Binary data formats and map formatsused by SOLVE

DORGBN-style datafiles.

Thesefiles can all be viewed with VIEW and can be exported with EXPORT. ASCI| files can be imported with
IMPORT (see Importing and Exporting for more information on this

DORGBN files

The DORGBN-style files used in this package are binary files with data sorted by hkl. Format of the binary
(FORTRAN unformatted) datafile:

record 1 INTEGER*4 NCOL - the number of columns of datain thefile.
record 2 (LOGICAL*1) TITLE(80) - An overdl title

records 3... NCOL moretitles, one for each column of data

record 4 Datarecords - IH,IK,IL,RES,(F(1),1=1,NCOL)

1. IH,IK,IL - INTEGER*4 The indices of the reflection.

2. RES - The d-spacing in Angstroms.

3. F(l) - Data. These can be structure factors, sigmas, phase information stored as phase, figure-of-merit, etc.
When data are missing for one or more columns the value -1.0 is stored in the appropriate columns.

MADFBARFI LE xx.scl Qutput file with (Fbar, sigma, Del Ano, si gnma)
for each wavel ength will be xx.scl
( DEFAULT="nmad_f bar. scl ")

MADFPFMFI LE yy.scl Qutput file with (F+, sigma, F-,sigma) for each
wavel ength will be yy. scl
( DEFAULT="mad_f pfm scl ")

madf barfil e xx. scl dorgbn file with (Fbar, sig, Del ano, Si g)
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for each wavel ength will be xx.scl
[ Def aul t ="nmad_f bar. scl "]

madf pfnfile xx.scl dorgbn file with (F+,sig, F-, SiQ)
for each wavel ength will be xx.scl
[ Defaul t ="mad_fpfmscl"]

madnr gf i | e xxx. out SI RAS-| i ke MAD dat aset .See MADVRG docunent ati on

[ def aul t ="madnrg. out"].
The file has 8 col ums of dat a:

madnrg est of Fp-zero ("Fnative")

madnrg sig of fp-zero ("sig of Fnative")

madnr g: MOCK FDER (" Fderiv"; equal to Fp-zero + del iso)
madnrg sig of del iso ("Sig of Fderiv")

madnrg est of del ano ("Del ano")

madnrg sig of del ano ("Sig of Delano")

madnr g wei ghted est of del iso for Patterson

madnr g wei ghted est of del ano for Patterson

O~NO OIS WN P

madbstfile yyy.out coefficients for a Bayesian Patterson to yyy. out
[ defaul t ="nmadbst.out"] See MADBST docunentation

The file has the follow ng col ums of data:

madnrg est of Fp-zero ("Fnative")
madnrg sig of fp-zero ("sig of Fnative")
madnr g: MOCK FDER ("Fderiv"; equal to Fp-zero + del iso)
madnrg sig of del iso ("Sig of Fderiv")
est of del ano ("Del ano")
madnrg sig of del ano ("Sig of Del ano")
madnr g wei ghted est of del iso for Patterson
madnr g wei ghted est of del ano for Patterson

= Fh conponent along Fo weighted by figure of nerit
10 -- = weighted Fh conponent perpendicular to Fo

= best estimate of Fa

12 -- sigma of
13 -- sqgrt() = sgrt of best estimate of Fa**2
14 -- sigma of sqgrt()

O~NO Ol WNPE
o
3
«Q

SOLVEDATAFI LE xxx Qutput datafile wth MADVRG out put and MADBST
out put conbi ned together, suitable for use
with routine SOLVE, w Il be xxx. (DEFAULT file nanme =
"solve.data") The datafile has the foll ow ng
col uims of data:

1 Fnative (from MADVRG
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Si gma of Fnative (from MADVRG
Fderiv (from MADVRG)

Sigma of Fderiv (from MADVRG
Del Ano (from MADVRG)

Si gma of Del Ano (from MADVRG)
<Fh cos(theta)> (from MADBST)
<Fh sin(theta)> (from MADBST)

O~NO O WN

Map formatsfor SOLVE

The format of all mapsin SOLVE isasimple binary file with the z-axis varying most rapidly and the x-axis the
most slowly. They are all written with something like:

do 100 iz=izs,ize
do 100 iy=iys,iye
wite(2)(rho(ix,iy,iz),ix=ixs,ixe)
100 conti nue

Y ou can convert from this format of maps to NEWEZD maps (that can be read into O or mapman using
FFTtoEZD (see the section on FFTtoEZD in Importing and Exporting.)
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Importing and Exporting data with SOLVE

Contents Index

| mporting and Exporting data with SOLVE

IMPORT and EXPORT are utilitiesto bring formatted data into dorgbn format and to write out formatted data
without titles. BTOF and FTOB write out and read formatted data with titles. Also DRGTOXPL OR converts from
some dorgbn filesto XPLOR-stylefiles.

FETTOEZD and FFTTOMAPVIEW convert from the binary format for maps to the formatted NEWEZD or binary
MAPVIEW (PHASES) formats.

IMPORT

The routine IMPORT has several options. Y ou can simply read the data from aformatted file in, assuming it is h,k,
[, and columns of data. Y ou can aso swap indices (as H->K, K->L, L->K) asyou read it in. Y ou can also sort the
dataand map it to the asymmetric unit of the space group. Ordinarily you will want to sort and map the data, as
some of the other routines in the package (notably FILEMERGE) assume that the data has been sorted in a
particular order of hkl. When you sort the data, the program asks if any columns are to be interpreted in terms of
phases in degrees. Such data has to be correctly adjusted when it is mapped to the asymmetric unit used by SOLVE.
If the data has not yet been merged to the asymmetric unit and you are about to scale the data with localscale, then
you may not want to sort and map the data now. If you choose not to sort it now, then you must sort and map it with
MERGE after running localscale so that filemerge can recognize the data.

When you IMPORT data, it is essential that the input file has the same number of data columns for every hkl in the
file. Y ou have two options for the format of the datain the input file.

(1) You can specify that thereis exactly ONE line for each HKL record. In this case, the input file can have text in
the middle of a data column which will be ignored.

(2) Alternatively, you can specify the exact number of data columns for each HKL record, in which case they can
be spread over any number of lines. Data "columns® refer to the assumption that for each HKL in the datafile, there
are afixed number of "columns" of associated data.

That is, if your datafile looks like:
-3 -5 9 300.39 1.6 420.3 1.5
265.9 5.6 991.2
0.2
-3 -510 225.35 2.5 413.1 3.4
441.9 3.4 114.2 0.25

then the HKL are (-3, -5, 9) and (-3,-5,10). For the record with HKL=(-3,-5,9) the data columns are 300.39, 1.6,
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420.3, etc... In this case you can use option (2), specifying that there are 8 data columns for each HKL. Y ou can not
use option (1) for this data file because the data for each hkl are not on asingleline.

The commands for IMPORTIing data are:

1. Input formatted data file name (the program will then type the first 3 lines of the file asread in, and then again
after stripping off any text)

2. Option (1) or option (2)

3. Output dorgbn-style file name

4. Overall title for output file

5. Number of columns of data (not counting h,k,l) in input file
6a...Title for each of these columns of data

7. Overall scale factor to apply to al data

8. Isort: 'y' to sort and map data, 'n' to leaveit asis

9. Iswap: 'y' to swap indices hkl [only read if Iswap="y"]:

8a. HNEW: index H will be mapped to HNEW. That is, if you want to map old H->new K, old K->new L, old L -
>new K, then you specify HNEW = "K"

10. [only if you have said 'y to #8, |sort] # of columns of datato interpret as phasesin degrees.

11. column #sto be interpreted as phases in degrees. Note: for equivalent reflections the phase varies depending on
the associated translation.

12. dmin, dmax = resolution range to consider. All data outside of thisrangeisignored. Note: don't set the dmin
much lower than you really want it or the routine will be very slow.

Sample IMPORT scripts

R | mport script: formatted datafile with 2 data columms on one line-----

infile.dat
1, ' option 1 = one |line per record
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out put.drg

Qut put data after infile.dat is converted to dorgbn-style file
2, I 2 colums of data.

Fobs (title for colum 1 of data)

Signma (title for columm 2 of data)

1.0, I overall scale factor = 1.0

y I Yes sort and map data

n ' No, do not swap indices

0 I don't interpret any columms as phases in degrees
3.5 50 I resolution range to consi der

R | mport script: formatted datafile with 2 data colums on 2 lines -----

infile.dat

2, I option 2 = fixed # of data colums per record

out put.drg

Qut put data after infile.dat is converted to dorgbn-style file
2, I 2 colums of data.

Fobs (title for colum 1 of data)

phase (title for columm 2 of data)

1.0, I overall scale factor = 1.0

y I Yes sort and map data

n ' No, do not swap indices

1 I Interpret 1 columm as phases in degrees

2 ' columm 2 of data is to be interpreted as phases in

3.5 50 I resolution range to consi der

EXPORT

Export isalot easier than IMPORT. All it doesiswrite out aformatted file with h k | and the contents of each
column of data. Here is a sample script to run export:

R Sanple script to run EXPORT----------------------------

| NFI LE data.drg ! i nput file name
OUTFI LE dat a. expor t ! output file nane
export
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Binary TO Format conversion (BTOF)

Format TO Binary conversion (FTOB)

These routines convert datain DORGBN-structured binary files to and from formatted files with titles. They are
most useful for transferring data files from one computer system to another. A sample script for doing each is
shown next:

R T Script to convert fromdorgbn -> formatted file ----------------
| NFI LE data. drg

OUTFI LE data. fnt

BTOF

l---Script to convert fromformatted file with titles -> dorgbn file----------
| NFI LE data. f nt

QUTFI LE data.drg

FTOB

DORGBN files

The files used in this package are binary files with data sorted by hkl. Format of the binary (FORTRAN
unformatted) datafile:

record 1 INTEGER*4 NCOL - the number of columns of datain the file.
record 2 (LOGICAL*1) TITLE(80) - An overdll title

records 3... NCOL more titles, one for each column of data

record 4 Datarecords - IH,IK,IL,RES,(F(1),1=1,NCOL)

1. IH,IK,IL - INTEGER*4 The indices of the reflection.

2. RES - The d-spacing in Angstroms.

3. F(I) - Data. These can be structure factors, sigmas, phase information stored as phase, figure-of-merit, etc. When
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data are missing for one or more columns the value -1.0 is stored in the appropriate columns.

DRGTOXPLOR

The routine DRGTOXPLR writes out X-PLOR format file with INDIC, FOBS, SIGMA based on datain a
DORGBN-stylefile. Here is a sample script:

R Script for DRGTOXPLOR ----------mmmmm e oo oo -
| NFI LE data.drg
OUTFI LE dat a. xpl or

NXPLORF 1 ' colum 1 of data.drg is F
NXPLORSI G 2 ' colum 2 of data.drg is Sigma of F
DRGTOXPLOR

FFTtoEZD and FFTtoCCP4 and FFTtoMAPVIEW
FFTTOEZD

FFTTOEZD is aroutine that converts an asymmetric unit of an FFT in the UCLA FFT format to any region of the
map in the newezd format suitable for reading right into "O". This routine is applicable to Fourier maps, but can be
used with Patterson maps as long as the output region is contained within the input FFT.

The output map is calculated using the same grid as the input FFT, but the endpointsin x,y, and z can be different.
The grid pointsin x and y must not be more negative than -512 or greater than 512. The program generates the
entire unit cell from the input FFT if the endpoints of the output EZD map are not contained within the input FFT.
For Patterson maps, the output EZD map MUST be contained within the calculated FFT (i.e, no expansion is
allowed).

The output map is scaled so that the rms value of the mapis 1.0.
If you arein"O" and want to read in and display "fourier.ezd" all you need to typeis:

@ourier.ezd
ezd _draw
<cr >

<Cr >

Script filefor converting from FFT to EZD
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R Script for conversion from UCLA FFT format to EZD ---------

@ol ve. set up I'standard paraneters for this dataset
fftfile fourier.fft I input FFT file

bossfile fourier.ezd I output EZD file

fourier I this is a fourier, not a patterson

ezdgrid -35 37 -23 96 5 23 ! Qutput grid covers region from-35 to 37
' in x (on the sanme grid that the fourier was
I cal cul ated with)

ffttoezd

Keywords for FFTTOEZD

FFTFILE  xX name of FFT-containing file

EZDVAPFI LE  xX nanme of output EZD format file

FI LETI TLE xxX optional title for file

PATTERSON this is a Patterson nmap

FOURI ER this is a fourier map

EZDCRID ixstart ixend iystart iyend izstart izend -- these are

starting and ending grid units on the PATTGRI D
or FFTGRI D you have speci fi ed.

FFTTOCCP4

FFTTOCCP4is aroutine that converts an asymmetric unit of an FFT in the UCLA FFT format to CCP4 map
format. The region defined by FFTGRID is output

Keywords for FFTTOCCP4

FFTFI LE  xXx name of FFT-containing file
CCPAMAPFI LE  xx nanme of output EZD format file

FFTTOMAPVIEW

FFTTOMAPVIEW isaroutine that converts an asymmetric unit of an FFT in the UCLA FFT format to aformat
compatible with the PHASES package. Thisis useful for displaying the map using MAPVIEW in the PHASES
package.

Note: this routine is only valid on an SGI machine.
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The output map is calculated using the same grid as BOSS-style output maps. This grid may be set with the
keyword BOSSGRID. The output map range of grid points must be contained, for x and y, between -512 and 512.
For Pattersons, this grid must be contained within the FFT grid, set with FFTGRID

Script filefor FFTTOMAPVIEW

R Script for conversion of UCLA FFT to MAPVIEWformat--------
' Note: this only works on an SG

@ol ve. set up standard information for this dataset
fftfile fourier.fft i nput fft file

mapvi ewf il e fourier. mapvi ew out put mapviewfile for PHASES

fourier this is a fourier, not a patterson

bossgrid -35 37 -23 96 5 23 Qut put grid covers region from-35 to 37

in x (on the sanme grid that the fourier was
cal cul ated with)

ffttomapvi ew

Keywordsfor FFTTOMAPVIEW

FFTFI LE  xX name of FFT-containing file

MAPVI EWFI LE xX nanme of output MAPVIEWformat file
PATTERSON this is a Patterson nmap

FOURI ER this is a fourier map

BOSSGRID ixstart ixend iystart iyend izstart izend -- these are
starting and ending grid units on the PATTGRI D
or FFTGRI D you have speci fi ed.
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Contents Index

FILEMERGE

Merging dorgbn data files

[Script

FILEMERGE allows manipulation of binary datafilesthat are in the "dorgbn" format. Y ou can extract one or more
"columns" of datafrom afile, duplicate columns from afile, or combine parts of different files.

Thisroutineis based on the UCLA program DORGBN. Data are stored in binary filesin the form h,k,l,resolution,and
columns of "data’. At the beginning of the file are an overall title for the dataset and individual titles for each "data"
column.

FILEMERGE runsinteractively. The command format is:
1. # of Filesto be opened for input (up to 4)

2a... Input filenames 1...n.

3. Output file name

4. Titlefor output file. Thistitle should describe the
contents of the entirefile.

5. Command lines. Each command can specify arange of columns of data from some particular fileto be
incorporated into the output file. These data columns are incorporated in the order in which the commands are
specified. Command input parameters: (these are 1 or 2 digit integers and an optional title, all separated by commas
and no blanks):

1. NFILE: The number of the file treated.
2. 1COL,JCOL,TITLE: the RANGE of columns to be copied. If you want to copy just column #3, specify: 3,3 here.

Thetitleisan optional title to be substituted for that already associated with the first column in the range. If the
specified range includes more than one column and thistitle field is used, the titles for all the other columnsin the
range specified by this command must be input in the very next records. If thisfield is blank, the old title will be used.

PLEASE NOTE: if you are running filemerge from a command file, you cannot leave any blanks or other characters
afer the column numbers here. That is,
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3,3

isfine, but

3,3 IXxx

IS not.

7. More command lines.

8. A "0" to signify the end of input.

An additional useful feature of the program isthat if acommand is entered with avalid file number but with the
column numbers missing or incorrect, the titles of the columns on that file are printed for the user.

Script for FILEMERGE

Hereis a sample script that will take columns 1,2 from "filel.drg" and columns 1 and 3 from "file2.drg" and write
them out to "fileout.drg".

R Sampl e script for FILEMERGE --------------------------
FI LEMERGE

2

filel.drg
file2.drg
fileout.drg

Title for fileout: cols 1,2 fromfilel and cols 1,3 fromfile2
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Contents

Index

Calculating and wor king with maps

[Keywords for MAPS | Script for MAPS ]

[Peaksearch | Script for Peaksearch | Keywords for Peaksearch]

[MAPtoASYM |Rho | Omit_map | Avg omit ]

MAPS

This routine reads in data froma dorgbn-style file and cal cul ates any of the

foll owi ng types of naps:

coefficients are F or F**2
but origin-renoved

PATTERSON | Fouri er

ORI G N REMOVED PATTERSON I As Patterson,
FOURI ER I Fouri er coeffi
NATFOURI ER/ | SOFOURI ER | Fourier coeffi
ANOFOURI ER I Fouri er coeffi
2FOFC I Fouri er coeffi
FOFC | Fourier coeffi
Note that:

Inall casesa"0.0" or "-1.0" in acolumn isinterpreted as missing data.

DELMAX can be used to cut off the biggest |F| or |DelF|

If NCOLFIGM is specified then the map is weighted by figure of merit

If NCOLPATTSIG is specified then Patterson maps are weighted.

If you specify a PEAKFILE then routine PEAKSEARCH is called automatically.

If you specify aMAPVIEWFILE then FFTTOMAPVIEW is called.

If you specify a BOSSFILE then FFTTOBOSS is called.

Keywords for MAPS

PATTERSON Patterson map

cients
cients
cients
cients
cients

are A+i B

are nF exp[i Phi]

are nF exp[i (Phi + 90)]
are (2Fo-Fc) exp[i Phi]
are (Fo-Fc) exp[i Phi]
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ORI G N_REMOVED PATT Oigin-renoved Patterson map

NCOLPATT* * 2 Colum # in input map for squared Patterson coefficients
-Or-

NCOLPATT col um # containing Patterson coefficients

NCOLPATTSI G Colum # for uncertainty in values of ncolpatt. If you

speci fy ncol pattsig then you will get a wei ghted
patterson or difference patterson.

FOURI ER Fourier map, reading in A B coefficients directly
NCOLFA colum for A

NCOLFB colum for B

NATFOURI ER same as isofourier, below

| SOFOURI ER F exp(iPH c) map (F = del iso or F, phase = PHI)
ANOFOURI ER F exp(i[PH c-90]) map (F = del Ano, phase = PH - pi/2)
NCOLF colum for F or Del F

NCOLPHI colum for PH (in degrees)

NFI GM colum for figure of nerit if you want a wei ghted nmap

Note: if you set NFIGM for routine HEAVY it will be
applied here too. Be sure you reset it to the value you

want .

FOFC Fo-Fc exp(i PHI c) map
2FOFC 2Fo-Fc exp(i PH c) map
NCCOLFOBS colum for Fo
NCOLFC colum for Fc
NCOLPHI colum for PH (in degrees)
DELMAX maxi num | F| or |del F| to include . If zero-use all

data. DEFAULT=0
I NFI LE  xxX nanme of input DORGBN file with data
FOURCOFI LE xxx nane of optional output DORGBN file with A B coefficients

(this can be used as input to another programfor cal cul ation
of maps, if desired, by converting it wth EXPORT)

FFTFILE  xXxX nanme of output file with FFT in UCLA for mat

PEAKFI LE  xxx nanme of optional file with nlist high and | ow peaks
(program finds peaks if this file is defined)

BOSSFI LE  xxx nane of optional file with FFT in BGOSS fornmat

(programwites bossfile if it is defined, see FFTTOBOSS)
MAPVI EWFI LE xXxX nane of optional file with FFT in MAPVI EW f or mat
(programwites MAPVIEWTfile if it is defined,
see FFTTOVAPVI EW

NLI ST n nunber of high and | ow peaks to |ist to peakfile
| SYMMETRY n nunber of symmetry equival ents for each peak to |ist
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(put a big nunber to get all within all adjacent
unit cells)

PDB list peaks in PDB formt

FRACT list peaks in fractional fornmat

Script using MAPS to generate a difference Patterson function:

e Script to calculate a difference Patterson ---------------
@ol ve. setup I standard information for this dataset
I wtder.drg contains Fnat, sig, Fder, si g:

| NFI LE wt der.drg
QUTFI LE i so.drg

i nput datafile with Fnat,sig, Fder, sig
internediate file wth Fder-Fnat

|

!
NNATF 1 I' colum for native F
NNATS 2 I' colum for sigma of native F
NDERF 3 I colum for derivative F
NDERS 4 I colum for sigma of derivative F
GETI SO I get isonorphous differences
| NFI LE i so.drg I now read in those isonorphous diffs again
NCOLPATT 1 I use colum 1 as del F for a patterson
PATTERSON I map type is patterson
FFTFI LE ha. patt I output fft goes to ha. patt
MAPS I calculate the map
[ HASSP] I anal yze the patterson with HASSP, if desired
| o e o e o o o m e o e e m e e m e m m e m 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 e e e e e m e m e m .- =
PEAKSEARCH

PEAKSEARCH isaroutine that finds high and low pointsin a Fourier map. It is not applicable to Patterson maps
(use HASSP for that purpose). It assumes that the FFT has been calculated over the entire asymmetric unit and uses
the symmetry file to map neighboring grid points on to the asymmetric unit. It reports the highest peaks in the map,
with the height being the highest value of the FFT on a grid point and the coordinates being the centroid of the peak.

The routine can read in an FFT written by MAPS or it can be called at the end of routine MAPS. Note that it cannot
read BOSS format data.

The routine will write out NPEAK highest and NPEAK lowest peaks to the output file. The "B-factor" in the PDB
format file is the peak height/1000. The final column in the fractional-format file is the peak height/1000.

Script filefor PEAKSEARCH
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R Script file to run peaksearch on a fourier-----------------------

@ol ve. set up I standard information for this dataset
fftfile ha.fft I input map nane
peakfil e ha. peaks I wite list of peaks to "ha. peaks"

peaksear ch

Keywords for PEAKSEARCH

FFTFI LE XXX nanme of fft-containing file
NLI ST n nunmber of peaks (high, sane # of low) to list
| SYMVETRY n # of symmetry equivalents to list for each peak

-1 for all within FFTTOBOSS region, 0 for all within
FFT region. 1= default= just 1 for each peak

PEAKFI LE  xx nanme of output file
PDB wite peaks in PDB fornmat
FRACT wite peaks in fractional fornat

PCSI TI VEONLY only list positive peaks
NEGATI VEONLY only list negative peaks

MAPTOASYM
MAPTOOBJECT

Routines MAPTOASYM and MAPTOOBJECT map the atomsin aPPDB file, one by one, using crystallographic
symmetry. MAPTOASY M maps atoms into the asymmetric unit of the space group, as defined by the symmetry file
and the (FFTGRID) grid specified for FFT calculations, assumed to contain the asymmetric unit. MAPTOOBJECT
maps atoms to their symmetry equivalents closest to an atom in a second PDB ("object”) file.

Sample script filesfor MAPTOASYM and MAPTOOBJECT

bemeee - Script file to map atons in a PDB file to the asymmetric unit ----

infile(l) atons.pdb ' input file with coordinates to be mapped
outfile at ons. mapped I atonms mapped to asymmetric unit
mapt oasym ' map themto asymetric unit

l---Script file to nap atons in a PDB file close to atons in another file ----
infile(l) atons.pdb input file wth coordinates to be mapped
infile(2) object.pdb pdb file with object that we want to be close to

|
!
outfile at ons. mapped I atons napped cl ose to object
dismn 0.0 I Only atonms with a closest distance to an atom
di smax 1000. 0 ' in object between dismn and dismax wll be
' witten out. Default= 0 to 1000000.
mapt oobj ect I map themas close to the object as possible
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RHO

RHO is aroutine to write out the values of amap at the coordinates of atomsin a PDB file. The values of the map at
the grid point nearest the input coordinates are listed, coordinate-by-coordinate. This routineis very useful for
evaluating how good the fit of amodel toamap is.

Sample script filefor RHO

Pemea- - - Script file to wite out values of a map at coords in a PDB file ----
@ol ve. setup ' standard setup for this dataset

infile(l) atons.pdb ' input file with coordinates to be exam ned
fftfile fourier.fft ' map file

rho ' interpolate value of fft at all coords in nodel

OMIT_MAP

OMIT_MAP isaroutineto calculate a set of overlapping omit maps and then to average them together using
AVG_OMIT. Theroutine requires a .PDB file with coordinates and a .DRG data file with Fobs values. A set of omit
maps in which 7 residues at atime are deleted, overlapping by 2 (1-7, 6-11, etc) is calculated, and the atoms used to
calculate each map are written out in a set of pdb filesaswell. Then AVG_OMIT is called to average the parts of the
maps that are in the regions not occupied by atoms used in the phase calculations. If you are doing simulated
annealing-omit maps, then you need to use routine"AVG_OMIT" instead.

Sample script filefor OMIT_MAP

Pemeee - Script file to calculate overlapping omt maps ------------------

@ol ve. set up ' standard setup for this dataset

I NFI LE(1) atons. pdb ' Nanme of PDB file with coordinates

I NFI LE(2) data.drg ' Nane of .DRG data file

NNATF 1 ' Columm nunber for F in data file

NNATS 2 ' Columm nunber for sigma of Fin data file

RATM N 2.0 ' Mninmumratio of F/sigma to use (default=0.)

QUTFI LE avg. fft ' File nane for file with output averaged FFT map
|
|

XCUT 2.0 Density within XCUT of an atomis not used
defaul t=2. 0 (Angstrons)

oM T_MAP

| o o o o o e o e o e o 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 e e e e e e e e e e e e e

AVG OMIT
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AVG_OMIT isaroutine to average key parts of a set of omit maps. For each map, only the region of the map that is
further than DCUT from all atomsin a PDB file is used in the averaging. Omit maps or simulated annealing-omit
maps can be used here.

The basic ideais that an omit map contains useful information only for parts of the map that are not occupied by the
atoms used to phase that map.

To usethisroutine, calculate a series of omit maps for your structure that sequentially leave out residues 1-5, 4-9, 8-
12, etc... (or whatever is agood size to leave out). Then you read in each omit map and the coordinates of atoms |eft
in for that calculation. If you are using just one PDB file, then use the routine "OMIT_MAP" which will do
everything for you. If you are doing a bunch of simulated annealing-omit maps, thisis the routine to use.

NOTE: any pointsin the map that are not more than XCUT away from all atomsin at least 1 map will get a value of
0.0. This can lead to planes and other small regionsin the map being zeroed out if all omit maps contain atoms near
them. Thisis a problem in cases where two atoms distant in sequence are close together so that one or the other is
always there in your omit maps. The solution is to construct alocation-based omit map to delete all the atomsin that
region.

Sample script filetorun AVG_OMIT

R Script file to average overlapping omt maps ------------------------

@ol ve. setup I standard setup information
next call avg omt. [Inputs are:
1. Xcur
2 NVAPS

3a. file with coordinates of all atons used to
calculate map 1

3b. nane of fft file with map 1

4a. as 3a, but coordinates for map 2

4b. as 3b, but map 2

output map file

avg_omt call avg omt. It reads from standard input
2.0, XCUT = region around atons to be excl uded
2, # of maps to average

pdbfilel. pdb

mapfilel. fft

pdbfil e2. pdb

mapfile2. fft

average. fft
' Now average.fft has in it the averaged parts of each input map that are not
I near an atomin the corresponging pdb file
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Contents Index

Misc commands

HA PDB: Write out a heavy atom solution in PDB format

COMPARE SOLN: Comparing two heavy-atom input files

FRACT TO CART and CART TO FRACT: Converting between fractional and Cartesian coordinates

MATH: simple operations on a dataset

GETISO: Get isomorphous differences

GETANOM: Get anomalous differences

GETPHASES: Get phase and F from A, B

Weights: weighting for macromolecular refinement

Script for weights

Keywords for weights

HA_PDB: Write out a heavy atom solution in PDB format

Solve will write out your current heavy-atom model in PDB format if you simply specify the command HA_PDB. This
can be done, for example at the very end of an automated run of SOLVE to output the final heavy-atom model in pdb
format.

The output file will be called "ha.pdb".
COMPARE_SOLN: Comparing two heavy-atom input files

Compare_soln reads in heavy atom sites from 2 files and compares them. It tests al possibilities for inversion and
origin shifts that could make the solutions indistinguishable. It reports back if the solutions are the same and how many
sites are the same if not . The files need to be in the format used by HEAVY and SOLVE. All linesin the 2 files except
those that say "DERIVATIVE" or "XYZ" or "INANQ" are ignored. Each time "DERIVATIVE" is encountered, a new
derivative is started. Each XY Z isread as a keyword for xyz of anew atom in the current derivative. If "INANQO" is
specified for aderivative then the handedness of the solution is considered in comparing the solutions. Otherwise
mirror images are considered the same. In all cases solutions that ssmply differ by an origin shift are considered the
same. The grid used for FFT calculationsis used to determine how close atoms must be to be considered the same, and
the cutoff is 1 to 2 grid units. If you have a PDB file with your coordinates for one derivative, you can substitute
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PDB_XYZ_IN filenameinstead of the XY Z lines. Y ou still need the DERIVATIVE statement.
For example:
If xyzl.dat looks like:

Derivative 1
xyz 0.45 0.93 .33

and xyz2.dat |ooks I|ike

Derivative
Xxyz .51 .48 .93
derivative
Xxyz .44 .351 .31

then use a script like this:

R Script to conpare to heavy-atominput files -------------------
infile(l) xyzl.dat

infile(2) xyz2.dat

conpare_soln

FRACT_TO_CART and CART_TO_FRACT: Converting between fractional and Cartesian coordinates

FRACT _TO_CART converts from fractional to Cartesian coordinates. CART_TO_FRACT converts from Cartesian to
fractional coordinates. In each case, coordinates are read from the file defined by INFILE and written to the file
defined by OUTFILE. Coordinates are read in free-format.

The Cartesian coordinate system isthe PDB default: X isalong aand Z isalong c*; X Y and Z are mutually
perpendicular and right-handed.

Use ascript like this:

R Script to convert fromfractional to Cartesian coords----------
infile fract.xyz

outfile cart.xyz

fract _to _cart

MATH

MATH isaroutine that is useful for generating test data, for converting |,sig to F,sig, and other simple conversions. In
most cases, the routine takes an input file and column numbers for the input data and writes out an output file.
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KEYWORDS for routine MATH:

KEYWORD

GENF_PHI

| _TO F
SI GVA_SCALE

A B TO F_PH

F PH _TOAB

par anet er s

SCALE

ncol |
XX

ncol A

ncol F

FOBS S| G FROM F_ERR

SUM

VECTORSUM ncol 1A ncol

SEPARATEANO

FLI P

ncol 1

ncol F

B

ncol SI G

ncol B

ncol PHI

ncol F ERR

ncol 2

1B ncol 2A ncol 2B

ncol sig

description

Generates an asymetric unit of data

in this space group based on resol ution
limts set by DM N DVAX. The rnms F

wi |l be SCALE at | ow resol ution and

wi || decrease according to the thernal
factor B. Qutput file has F, PH

F and Phi are distributed according

to WIlson statistics.

Convert froml, sigma to F, sigm
scale all input intensity sigms * XX

Convert from (REAL, | MAG NARY) to (F, PH)
(phi i n degrees).

Convert from (F, PH) to (REAL, | MAG NARY)

Add "neasurement error" on to val ues of
F. %error in Fwll be about

ERR. Uses error nodel of:
sigma(l)=sqrt(1+0.5*( ERR/ 100) *| **2),
where | =F**2,

Qutput colum 1 is sumof data in ncoll
and ncol 2 in input file

Qut put colum 1 = ncol 1A+ncol 2A
Qut put colum 2 = ncol 1B+ncol 2B

Read in hkl, F,Sig fromfile defined
by INFILE and wite out the reflection
to the file defined by FPLUSFILE if
this is F+, or the file defined by
FMNUSFILE if thisis F-. A
reflection is F+ in this definition

if it isin the asymmetric unit as
defined by HEAVY or it can be rotated
into the asymmetric unit with reciprocal
lattice symmetry. It is F- if it can
be rotated onto -h-k-1 of a reflection
that is an F+.

I n separateano, wite out the inverse
of the input indices for F- (i.e, if
h,k,l are read in, wite out -h -k -1)
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NEQUI V_SEPARATE n In separateano, map the F- reflections
to equivalent reflection "n" before
applying FLIP and witing out. This
all ows you to match up reflections
collected on a mrror plane as opposed
to those collected with phi+180. If
you run SCALE MR or SCALE MAD t he
value of "n" is chosen for you
automatically by maxi m zing the nunber
of F+/F- pairs related by symetry
operation "n".

TRIM Del ete every line of a reflection
file that has "-1" in any colum

RESOLUTI ON xx yy resolution limts

If resolution |imts and infile and
outfile are specified, copies infile to
outfile, using only data in the

resol ution range.

| NFI LE  xxXxx input file nane

OQUTFI LE xxxXx output file name (except separat eano)
FPLUSFI LE XXXXX output file for F+ in separateano

FM NUSFI LE XXXXX output file for F- in separateano

Sample script for routine" MATH"
Hereisasimple script that will convert from A, B fourier coefficientsto F and phi:

R Script for conversion of ABto F, Phi --------------

@ol ve. setup I standard setup for this dataset

infile ab.drg

outfile fphi.drg

abtof phi 12 I take colums 1 and 2 of infile and convert to
! F and phi

mat h
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GETISO

GETISO isaroutine to subtract 2 columns of datain a dorgbn file and to write out a new file with the difference.
Reflectionswith a"-1.0" or "0.0" in either column are ignored as are reflections with F/sigma < ratmin. Hereisan
example:

R LR Script file for getting isonorphous differences ------
@ol ve. set up I setup script file

nnatf 1 columm for Fnat
nnats 2 columm for sigma of Fnat
nderf 3 colum for Fder
nders 4 colum for sigma of Fder

infile filel.drg i nput file
outfile file2.drg output file

|
|
|
|
ratmn 2.0 ' mninmum F/sig to include
|
|
geti so I get isonorphous differences

GETANOM

GETANOM is aroutineto convert from F+, F- to Fbar, DelAno. The routine calculates Fbar = (F+ + F-)/2 and del
Ano = (F+ - F-), for the selected reflections and writes it to the output dorgbn file. If F+ or F- are missing (F less than
or equal to 0), and the keyword "fp_or_fm" is specified, the one present is written out as Fbar and del Ano and sig of
del Ano are set to 0.0. If the keyword "fpfm_only" is set then reflections with F+ or F- missing that are acentric are
tossed. Hereis an example script file for GETANOM:

e Script file for converting fromF+, F- to Fbar, Delano-------
@ol ve. set up

infile filel.drg
outfile file2.drg
get anom

input file
output file with 4 columms

ncol fp I colum for F+

ncol sfp ' colum for signma of F+

ncol fm ' colum for F-

ncol sfm ' colum for sigma of F-

fpfmonly I toss acentric reflections if F+ or F- is m ssing
|
!

GETPHASES

GETPHASES isaroutine to convert from A and B fourier coefficientsto F and Phi. Hereisascript file to do this:
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T Script file to convert fromA Bto F, Phi -------------
@ol ve. setup
ncolfa 1

ncolfb 2

infile filel.drg
outfile file2.drg
get phases

A
B

colum for F cos(phi)
colum for F sin(phi)
input file wwth A B
output file with F, Phi (2 col unms)

Bayesian weighting for atomic refinement

WEIGHTS is aroutine to generate weighting factors for atomic refinement. The weighting factors are based on both
experimental sigmas and on rms values of (Fobs-Fcalc)** 2 in ranges of resolution. The premise for this type of
weighting is that the atomic model used to generate Fcalc isincomplete. Note that this leads to an expected difference
between Fobs and Fcalc that is larger for centric reflections than for acentrics by afactor of 1.414. The errors in the fit
of the model to the data are divided into two parts, one due to errors in measurement and one due to errorsin the
model. It is assumed that errors in measurement are reasonably well known. They are required for this routine. The
input file must contain Fobs, sigma-obs, and Fcalc. It may also contain aflag marking "TEST" reflections for free-R
calculations. To generate the input file, you will need to run X-PLOR or another program to get Fcalc values, then
IMPORT the Fcalc values and FILEM ERGE with your Fobs, sigma-obs data.

The output dataset ("Fobs, sigma, weight") iswritten in X-PLOR format and can be read in to X-PLOR just asif it
were Fobs, sigma, weight. X-PLOR automatically uses the weight as a weighting factor in refinement if it isinput in
thisway in the structure factor file. Note that the sigma hereis NOT the experimental error in measurement any more.

Y ou can select reflections with F>n* sigma-obs using RATMIN, but even if you include all reflections, a reasonable
weighting factor will be generated for the weak reflections.

The program allows you to keep reflections flagged with RTEST>0 separate from the working set of reflections. The
RTEST flag must bein a"column" of datain the input file. RTEST=1 indicates a TEST reflection, O indicates a
reflection to use in refinement.

The errorsin the model are estimated in a shell of resolution as
E**2 =[ < (Fobs-Fcalc)**2 > - <Sigma-obs** 2>]

where centric and acentric reflections are treated separately. The weighting factor applied to a particular reflection is
then:

WEIGHT = 1/( E**2 + Sigma-0obs**2)

Reflections where Sigma-obsis not >0 or Fobs is not > ratmin* sigma-obs or Fcalc is not >0 are ignored and not
written out.

Script filefor WEIGHTS
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R Script file generating Bayesian weighting for refinement------------

@ol ve. set up I standard information for this dataset

infile fofc.drg I input dorgbn file wth Fo, sigma, Fc, Rtest

outfile fo.xplor I output file with FOBS SI GVA RTEST for X-PLOR

NCOLFOM 1 I colum # for F of data

NCOLSWT 2 I' colum # of sigma-obs
[
[
[

NCOLFC 3 I'colum # of Fcalc
NCOLRTEST 4 colum # for RTEST indicator (O if not present)
wei ght s get Bayesi an weights. ..

Keywords for WEIGHTS

NSHELLS n nunber of shells of resolution used to group data (default=10)
| NFI LE xx nanme of file with Fobs, si gma-obs, and Fcal ¢ and optional Rtest
QUTFI LE xx name of output file in X-PLOR format with
h, k, |, fobs, si g, wei ght, rtest
NCOLFOM n colum # for F of data
NCOLSWI n columm # of signma-obs
NCOLFC n colum # of Fcalc
NCOLRTEST n colum # for RTEST indicator (O if not present)
RATM N xx mninmumratio of F/signa to read in at all (default=0)
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Bayesian difference refinement

[Script for Fdiff | Keywords for Fdiff]

FDIFF is aroutine to generate a pseudo-mutant dataset for difference refinement. The output dataset ("Fdiff, sgma
fdiff, weight") iswritten in X-PLOR format and can beread in to X-PLOR just as if it were Fobs, sigma, weight. X-
PLOR automatically uses the weight as aweighting factor in refinement if it isinput in this way in the structure
factor file.

Fdiff isused in caseswhere a"WT" structure has been refined and a"mutant” dataset is available, and whereit is
the differences between the WT and mutant structures that is of interest. This routine takes Fcalc for the WT and
mutant datasets and Fobs for the WT and mutant datasets to create a pseudo-mutant dataset: Fdiff and sigmaand
weights. These are then used just asif they were Fobs mutant and sigma and weighting factorsin refinement of the
mutant structure. Y ou can select reflections with F>n*sigma using RATMIN, but even if you include all reflections,
areasonable weighting factor will be generated for the weak reflections.

The value of Fdiff isgiven by:

Fdiff = Fc (WT) +Beta* (Fobs, mutant - Fobs, WT)

where the factor Betais essentially the correlation coefficient between (Fo-Fc),WT and (Fo-Fc),Mutant. Bayesian
difference refinement is similar to difference refinement except for the factor Beta (whichis 1.0 for difference
refinement).

The input file must contain Fobs, sigma-obs, and Fcalc, for BOTH the WT and "MUT" (variant) datasets. It
optionally may also contain aflag marking "TEST" reflections for free-R calculations. To generate the input file,
you will need to run X-PLOR or another program to get Fcalc values, then IMPORT the Fcalc values and
FILEMERGE with your Fobs, sigma-obs data.

The program allows you to keep reflections flagged with RTEST>0 separate from the working set of reflections.

The RTEST flag must bein a"column" of datain the input file. RTEST=1 indicates a TEST reflection, O indicates
areflection to use in refinement.

Basic script filefor FDIFF
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standard data for this dataset
input file with WI Fo, sig, Fc and nut Fo, sig
output file with Fdiff, sigm, weight, RTEST

@ol ve. set up
infile data.drg
outfile fdiff.drg

ncol fow 1 colum # for WI Fobs

# for sigm of WI' Fobs
ncol fc 3 colum # for WI Fcal ¢
ncol fonut 4 colum # for Mutant Fobs
ncol sfonut 5 colum # for sigma of mutant Fobs
ncolrtest 6 colum # for RTEST i ndicator

|
|
!
|
ncol sw 2 ' col um
|
|
|
|
|

fdiff setup up difference refinenent

A more advanced script file for FDIFF written by Joel Berendzen ( joelb@anl.gov) that works with CNS

The file bayesdiff.ksh contains a script that does Bayesian differencing on two CNS output files and writes the
output to athird CNSinput file.

Keywordsfor FDIFF

| NFI LE xx input file wwth WI Fc, Fo, sig and MJT Fo, sig, and optional
Rt est col um

QUTFI LE xx output file wth FDI FF, sdiff,weight,rtest
NCOLFC n colum # for WI Fc (Wl Fcalc) in input file
NCOLFOM n colum # for WI Fo (W Fobs) in input file
NCOLSWI n colum # for sigma of WI' Fo

NCOLFOMUT n colum # for MJT Fo (MJT Fobs) in input file
NCOLSMUT n colum # for sigma of MJT Fo

NCOLFCMUT n colum # for MJT Fc

NCOLRTEST n columm # for RTEST indicator (O if m ssing)
RATM N xx minimnumratio of F/sig to read in data (default=0)
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New featuresfor versions 1.10-2.10 of SOLVE

. SOLVE now has easy scriptsfor SAD phasing.

. SOLVE has even better MAD phasing! SOLVE now re-refines scattering factors using the final
heavy atom parameters, improving the final phases. In combination with version 1.04 or later of
RESOLVE, the fina maps are greatly improved over version 1.17.

« Must faster search for solutions: SOLV E now follows only the very best solution by default,

greatly speeding up the search in most cases.
. You can start from MR or other input phases.

« You can read CCP4 unmerged intensities directly.

« You can specify aSOLVETMPDIR where SOLVE will write scratch files.

« You can tell SOLVE where some sites are and go on from there easily with ANALYZE SOLVE
and with ADDSOLVE

. Thereisnow a SOLVE FAQS page.

. SOLVE versions starting with 1.16 fix a serious bug that was present in versions 1.10 to 1.15.
This bug was that upon conversion from SOLVE's asymmetric unit to the CCP4 asymmetric unit
(doneinroutine"SOLVE" for al data, whether mtz input or not) the phase of FA relativeto Fp
was not swapped when the asymmetric unit changed. This affects the difference Fouriers
calculated by SOLVE for space groups where the CCP4 and SOLV E asymmetric units for
reflections are not the same.

. SOLVE version 1.17 fixes some array dimensioning errorsin versions up to 1.16 that can cause it
to hang when finding very large numbers (50 or so) sites.

. Solveversion 1.17 sets the default of "resolution_steps” to 1 (it was 3 in previous versions). This
improves MIR results for polar space groups but could slow down Solve in some cases.

. Solveversion 1.18 had aminor bug in the way it dealt with SAD phasing, always substituting in
the default f-doubleprime values for the heavy atoms from the tables, and including non-zero
atomic scattering factors. Version 1.19 alows the user to input f-doubleprime (with fprprv_mad)
and sets the form factors other than f-doubleprime to zero. This creates the appropriate scattering
factors for a pseudo-derivative that isjust like a native but has anomalous differences. This
pseudo-derivative is used for phasing with the observed anomal ous differences.

. Solveversion 1.18 had adimension error preventing the use of more than 5 derivatives; thisis
fixedin 1.19.

. Solveversion 2.00 fixes abug in previous versions of combine_all_data where the number of
wavelengths was not read in correctly for the second dataset.

. Solveversion 2.00 has scattering factors for Br
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. Solveversion 2.00 fixes bug which prevented solving SAD datasets in space group P1.

. Solveversion 2.00 restores compatibility with new d*trek format.

. Solveversion 2.01 incorporates Sim weighting on the heavy-atom sitesin SAD phasing (this has
the effect of replacing the heavy-atom sitesin the map, and for cases with a high proportion of
anomal ous scatterers such as phosphorous phasing of DNA, makes a much better map).

. Solveversion 2.03 writes out fractional coordinates to solve.xyz and also the inverseto
solve inverse.xyz.

. Solveversion 2.03 fixes abug in SAD which resulted in no phases written out if refinement of
scattering factors failed.

. resolve version 2.03 fixes a bug in the output which caused the HL coefficients from the input file
to be copied without changes to the output file whenever resolve terminated without carrying out
al requested cycles.

. SOLVE version 2.03 changes the default BMIN (minimum B-value) from 15 to 2.0

« RESOLVE version 2.03 includes iterative model-building and model rebuilding

. RESOLVE version 2.04 will automatically figure out the optimal solvent content and histograms
for your structure

. RESOLVE version 2.05 will uselocal patterns of density to improve the map

. RESOLVE version 2.05 has increased the weighting on map-based information by a factor of 2
relative to earlier versions to match recal culated estimates of the number of degrees of freedom in
the map (now 2 * n_refl; was previously n_refl).

. RESOLVE version 2.06 introduces a new resolve autobuild script that will carry out pattern
identification, fragment identification, and model-building, using the superquick build option, to
get apartialy refined model from MAD/SAD/MIR datain just afew cycles.

. RESOLVE version 2.08 fixes a bug which caused RESOLVE to fail when NCS was found in the
ha sites, but then later rejected due to lack of NCS in the map.

. The RESOLVE_BUILD script for version 2.08 uses the average of the top 5 structures built in
theinitial stagesto start the rebuilding process.

. RESOLVE version 2.08 introduces scoring of electron density maps based on skew, correlation
of local rms (asin SOLVE), correlation of map cal culated with map-probability with original
map, tertiary structure.

. RESOLVE version 2.09 introduces greatly improved automated ligand fitting

. RESOLVE version 2.09 fixes a problem with finding sites with MAD data in trigonal/hexagonal
space groups with 2-wavelength data or 4-wavelength data. These searches will have generaly
failed with previous versions, while single-wavelength or 3-wavelength data from the same
datasets would have succeeded. The phasing was fine for cases where the solution was found, but
the bug would normally prevent finding the heavy-atom sites. There may be some datasets where
version 2.09 can solve 2-wavelength data that could not be solved by previous versions. (This
problem was due to accidentally swapping the sign of anomalous differences used in the
MADMRG routine during the conversion to the ccp4 asymmetric unit a number of times equal to
the number of wavelengths...thereby cancelling out the necessary swapping for even-numbers of
wavelengths... The problem did not affect phasing, unless the "nobayes’ flag was specified,
because phasing is done with all wavelengths, not with the MADMRG data.

. RESOLVE version 2.09 fixes a problem in reading heavy-atom sites and problems with reading
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non-protein atomsin PDB files. RESOLVE earlier versions would ignore the atom HG asa
heavy-atom in the NCS cal culation, because the routines assumed that it was"H" (whichis
ignored)ignored) Thisisfixed in version 2.09, which now allows the use of the element symbol
specification in the PDB format to define the atom type uniquely. (If no atom type is specified, in
SOLVE/RESOLVE thefirst character of the atom name is now used to define the atom type for
ATOM records, and all characters of the atom name are used in HETATM records. Thisis all
because otherwise it is difficult to tell the difference between C-alpha and calcium atoms without
the element symbol specification, and many PDB files do not contain element symbol
specifications).

RESOLVE version 2.10 fixes abug in which alist can be overrun in model-building when the
version isjust big enough to run. The symptom was the cryptic error message "Please increase
sizeof n_ca max initer_frag place".

RESOLVE version 2.10 has a very powerful loop fitting algorithm that you can run using a script
or by using the new PHENI X software.
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:

#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMINFO /usr/local/lib/solve/syminfo.lib
setenv SYMOP /usr/local/lib/solve/symop.lib

#

solve <<EOD > solve.log

lcommand file to read in raw MAD data, scale, analyze and solve it----

checksolve I compare solution with known h.a. sites

@solve.setup I get our standard information read in

logfile mad.logfile I'write out most information to thisfile.
I summary info will be written to solve.prt

readformatted | dternatives are readdenzo, readtrek

premerged I dternative is unmerged

read_intensities I dternative is read_amplitudes

refscattfactors | dternativeis fixscattfactors

mad_atomname se I anomalously scattering atomis Se

lambda 1 I'info on wavelength #1 follows

label Wavelength # 1 I'alabel for this wavelength

ravmadfiletest wvafmt ! datafile with hk | Intensity sigmaor
Fhkl I+ sigmat |- sigma

wavelength 0.9000 I wavelength value

fprimv_mad -1.6 I f* value at this wavelength

fprprv_mad 3.4 I f doubleprime value at this wavelength

I'input refined h.a. coordinates (used only for comparison in "checksolve")
I offset by 1/2 iny to match gvp.pdb 2-27-01.

atomname se

XYZ 0.4813319 0.4972169  9.4140753E-02

XYZ 0.9731338 0.7875228 0.9446641

lambda 2

rawmadfile test wvb.fmt
wavelength 0.9794
fprimv_mad -8.5
fprprv_mad 4.8
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lambda 3

rawmadfile test wvc.fmt
wavelength 0.9797
fprimv_mad -9.85
fprprv_mad 2.86

premerged

readf ormatted

nres 100 [approx # of residues in protein molecul €]

nanomalous 2 [approx # of anomalously scattering atoms per protein]
SCALE_MAD I read in and localscale the data

ANALYZE MAD I run MADMRG and MADBST and analyze al the Pattersons
SOLVE I Solve the structure

EOD

#

# Now run Resolve to do density modification

# (Y ou can download it from http://resolve.lanl.gov
#if you do not have it yet)

#

resolve << EOD > resolve.log

Isolvent_content 0.40 I solvent fraction
seq filegvp.seq

compare_file coords.pdb

EOD

#

# That'sit! Now resolve.mtz has your updated phases
#

echo 'Here are your SOLVE and resolvefiles:'

#

|s -1 solve.prt solve.mtz solve.ezd resolve.mtz

#

echo 'All done!’
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#/bin/csh

#

# set CCP4 and SOLVETMPDIR variables:
#

setenv CCP4_OPEN UNKNOWN

setenv SOLVETMPDIR /var/tmp

setenv SYMINFO /usr/local/lib/solve/syminfo.lib
setenv SYMOP /usr/local/lib/solve/symop.lib
#

#

solve giant <<EOD > solve.log

lcommand file to read in raw MAD data, scale, analyze and solve it----
title armadillo repeat of beta catenin 4-wavelength MAD data

logfile mad.logfile I'write out most information to thisfile.
I' summary info will be written to "solve.prt"
@solve.setup I get our standard information read in
readf ormatted I or: readdenzo, readtrek, readccp4 _unmerged
unmerged I or; premerged
mad_atom se
refscattfactors I do not refine scattering factors (you can if
I'you want though)

I Comment out next lineif you don't know any sites
checksolve I compare solutions to the one input bel ow

lambda 1 I'info on wavelength #1 follows
label Wavelength # 1 I'alabel for this wavelength
rawvmadfile 11.int

wavelength 0.9000 I wavelength value
fprimv_mad -1.6 I f* value at this wavelength
fprprv_mad 3.4 I f* value at this wavelength

I'list of all SE positionsin refined beta-catenin
I structure (offset by 0.5iny from PDB file)

alomname se

Xyz 0.2631041 0.6633824 2.8978506E-02
Xyz 0.4166300 0.6113137 7.7325497E-03
Xyz 0.4765674  0.7249608 2.5320712E-02
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Xyz 0.4591554 0.7427059  0.4719517
Xyz 0.4083922 0.7455686  0.1403100
Xyz 0.4416372 0.8393628 7.6342024E-02
Xyz 0.1327285 0.4970000 0.4364171
Xyz 9.6379094E-02 0.5855882  0.3802352
Xyz 7.6066948E-02 0.6245000 0.3974865
Xyz 0.1150683 0.77/95883  0.3715025
Xyz 0.1385160 0.7238529  0.4098982
Xyz 9.2073016E-02 0.7063529  0.4022/779
Xyz 0.2152710 0.8265882 0.3764597
Xyz 0.3304202 0.61617/65 0.2311389
Xyz 0.1806852 0.8512745 0.1618233

lambda 2
rawmadfile [2.int
wavelength 0.9794
fprimv_mad -11.44
fprprv_mad 8.74

lambda 3
rawmadfile [3.int
wavelength 0.9797
fprimv_mad -12.83
fprprv_mad 2.56

lambda 4
rawmadfile [4.int
wavelength 0.9897
fprimv_mad -2.42
fprprv_mad 1.13

nres 700 [approx # of residues in protein molecul €]

nanomalous 15 [approx # of anomalously scattering atoms per protein]

acceptance 0.10

SCALE _MAD I read in and localscale the data

ANALYZE_MAD ' run MADMRG and MADBST and analyze al the Pattersons
SOLVE I Solve the structure

EOD

#

# Now run Resolve to do density modification

# (Y ou can download it from http://resolve.lanl.gov
#if you do not have it yet)

#
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resolve_giant << EOD > resolve.log
Isolvent_content 0.40 I solvent fraction
seq fileweis.seq

compare _file coords_met.pdb

EOD

#

# That'sit! Now resolve.mtz has your updated phases
#

echo 'Here are your SOLVE and resolve files:'
#

Is -l solve.prt solve.mtz solve.ezd resolve.mtz
#

echo 'All done!’
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Theroutine SOLVE: the core of automated structure determination by SOLVE

The SOLVE routine is an exceptionally powerful feature of this package that can find and evaluate the quality of heavy-atom
stesinaMIR, SIR, or MIR-like dataset. The SOLVE routine treats MAD data almost exactly like MIR data, beginning with
the output from MADMRG and MADBST.

Ordinarily SOLVE iscalled after SCALE MAD and ANALYZE MAD or SCALE_MIR and ANALYZE MIR as part of

automated structure determination. In this case you don't have to worry about all the keywords because the previous routines
figure them out for you and write them to the script file solve_mad.script (or solve_mir.script).

Y ou can, however, control much of what SOLVE does by setting keywords before running it. SOLVE can aso be called
using the solve_mad.script or solve _mir.script file written out by ANALYZE MAD or an edited version of thisfile.

For MAD datasets, SOLVE uses a"compressed” form of MAD datathat can be analyzed much more rapidly than the full n-
wavelength data. This compressed dataset is generated by MADMRG in ANALYZE MAD . The compressed dataset
essentially consists of the SIR+anomal ous scattering equivalent to the full MAD dataset. This dataset can be used to refine
heavy atom parameters and generate native phases more quickly than aMAD dataset can. At the conclusion of SOLVE,
phases are calculated with full Bayesian correlated MAD phasing.

The SOLVE routine operates by using a new version of HASSP to generate afew or many possible "seed" solutions for the
anomalously scattering atoms in the structure. The heavy-atom parametersin each seed are first refined using the very fast
refinement procedurein HEAV'Y (origin-removed patterson refinement). The refined seed is then used in self-difference
Fouriersto suggest possible additional sites. A number of solutions are scored based on each seed, each solution being
evaluated based on both the difference Patterson and a "free" difference Fourier. Additionally, the non-randomness of the
native Fourier is used to judge the quality of a solution and to identify the correct hand of the structure if anomalous datais
present. The figure of merit of phasing is the final scoring criterion.

If desired, a solution may be read in and evaluated directly with ANALYZE SOLVE. Also, asolution may be read in and
used as a seed in generating additional sites and a more complete solution with ADDSOLVE.

Using SOLVE is quite easy, particularly since ANALYZE MAD or ANALYZE MIR writes out ascript file (usually
solve_mad.script or solve_mir.script) that has everything you need to run SOLVE.

The only really non-obvious thing you need to know about running SOLVE on MAD dataisthat it requires 2 input data
files. Oneisthe compressed datafile from MADMRG, usualy caled "solve.data’. The other isthe full MAD dataset, usually
called "mad_fpfm.scl". SOLVE uses "solve.data" for most of its analyses, then switchesto the full MAD dataset at the very
end.

The way you enter information on scattering factorsis alittle different in the SOLV E routine from the way it was entered in
SCALE MAD and ANALYZE MAD . Inthe SOLVE routine you define atom types for each wavelength and specify the

scattering factors for that atom type. Then you tell SOLVE what atom type goes with which wavelength. In SCALE MAD,

in contrast, you specified scattering factors directly for each wavelength. The reason for the difference isthat SOLVE hasto
deal with both MAD and MIR data and defining atom typesis a simple way to do that.

The solve_mad.script control filefor MAD data
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A sample SOLVE script file that will give you an idea of what you need to specify and what other things you can specify
follows. This script is an edited version of a script file written out by the ANALYZE MAD routine.

This script file iswritten out during automated SOLV E operation. Y ou may wish to edit the one SOLVE has written out for
you and useit if:

. you want to change how the core SOLVE routine solves your structure
. youwant touse ANALYZE SOLVE or ADDSOLVE to add sites to a solution you have found or to analyze a

solution you have found

Sample MAD script file for SOLVE routine

R solve_mad.script: solve a MAD problem---------------------
@ol ve. set up
LOGFI LE sol ve.logfile

| NFI LE sol ve. dat a linput file with MADVRG conpressed data

MADFPFMFI LE mad_f pf m scl linput file with full MAD dat aset

JSTD 1 I Lanbda 1 is reference wavel ength used i n MADVRG
| MADPHASE 1 I this is a MAD dataset, reference

! wavel ength is #1 (should match jstd)

NNATF 1 | Pseudo-native F is colum 1 of sol ve. data
NNATS 2 I sigma is colum 2

I Atomdefinitions with f' and f" values for the 3 wavel engt hs:
NEWATOMTYPE LAML

AVAL 17.0006 5.8196 3.9731 4. 3543
BVAL 2.4098 .2726 15.2372 43.8163
CVAL 2.8409

FPRIMW -1.6

FPRPRV 3.4

NEWATOMTYPE LAM2

AVAL 17.0006 5.8196 3.9731 4.3543
BVAL 2.4098 .2726 15.2372 43.8163
CVAL 2.8409

FPRIMW -8.5

FPRPRV 4.8

NEWATOMTYPE LAMB

AVAL 17.0006 5.8196 3.9731 4.3543
BVAL 2.4098 .2726 15.2372 43.8163

CVAL 2.8409

FPRIW -9.85

FPRPRV 2.86

LAVBDA 1 I This is wavel ength #1
LABEL Wavel ength 1 from MADVRG I label for lanmbda 1
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NCOLFBAR 3 I Ncol fbar...ncol sdelf are colum #'s

NCOLSFBAR 4 I in solve.data ( MADVRG conpressed)
NCOLDELF 5 I datafile

NCOLSDELF 6

| NPHASE

| NANO

NOREFI NESCALE I Don't refine overall scale factor

| because this is MADVRG dat a

I Information for MADPHASE:

NCOLFPLUS 1 I these 4 colum nunbers refer to the
NCOLSI GPLUS 2 I full MAD datafile (mad_fpfmscl)
NCOLFM NUS 3

NCOLSI GM NUS 4

I Heavy atons for this wavel ength:
ATOWNAME LAML

OCCUPANCY .1

BVALUE 35.0

REFI NEALL

"LAML" tells the programto use

the scattering factors input above for
LAML

t he occupancy and b val ues are guesses

LAVBDA 2

LABEL Wavel ength 2 from MADVRG
NCOLFBAR 3

NCOLSFBAR 4

NCOLDELF 5

NCOLSDELF 6

| NPHASE

| NANO

' Information for MADPHASE:
NCOLFPLUS 5

NCOLSI GPLUS 6

NCOLFM NUS 7

NCOLSI GM NUS 8

I Heavy atonms for this derivative/ wavel engt h:
ATOWAME LAWR

LAMBDA 3

LABEL Wavel ength 3 from MADVRG
NCOLFBAR 3

NCOLSFBAR 4

NCOLDELF 5

NCOLSDELF 6

| NPHASE

I NANO

I Information for MADPHASE:

NCOLFPLUS 9
NCCOLSI GPLUS 10
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NCOLFM NUS 11
NCOLSI GM NUS 12

I Heavy atons for this derivative/wavel engt h:
ATOWAME LAMB

I Informati on for HASSP and SOLVE

NCOLFHCOsS 9 I colum #s for <fh cos theta>

NCOLFHSIN 10 I and <fh sin theta> in sol ve.data

PATTFFTFI LE patterson. patt I nanme of Bayesian patterson cal cul ated
I by MADBST

SOLVE ' run SOLVE

The solve_mir.script control filefor MIR data

Using SOLVE is quite easy with MIR datatoo, particularly since ANALYZE MIR writes out a script file that has
everything you need to run SOLVE. A sample SOLVE script file that will give you an idea of what you need to specify and
what other things you can specify follows. This script is an edited version of a script file written out by the ANALYZE_MIR
routine.

This script file iswritten out during automated SOLV E operation. Y ou may wish to edit the one SOLVE has written out for
you and use it if:

. you want to change how the core SOLVE routine solves your structure
. youwant to use ANALYZE SOLVE or ADDSOL VE to add sites to a solution you have found or to analyze a

solution you have found

Sample script file for SOLVE (MIR data)

R solve_mr.script: solve an MR problem ---------------------
@ol ve. set up

LOGFI LE sol ve.logfile

| NFI LE m r_fbar. scl l'input file wth Fnat,sig, and

I'(fbar, si g, del ano,sig) for each derivative..
NNATF 1 I Native Fis colum 1 of mr _fbar. scl
NNATS 2 I sigma is colum 2

Derivative 1
LABEL deriv 1 HG

begin i nformati on about derivative 1
| abel for deriv 1

NCOLFBAR 3 Ncol fbar...ncol sdelf are colum #'s
NCOLSFBAR 4 in mr_fbar.scl datafile

NCCOLDELF 5

NCOLSDELF 6

file:///C|/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/html/html_solve/manual/solve.html (4 of 7)8/10/2005 3:47:42 PM



Solve

| NANO I include anonal ous differences

I Heavy atons for this derivative:

ATOWAME HG I the atomtype is "HG

OCCUPANCY . 1 I guess for occupancy

BVALUE 35.0 I guess for bval ue

REFI NEALL I refine everything that is reasonabl e

Derivative 2
LABEL deriv 2 |odine

begin i nformati on about derivative 2
| abel for deriv 2

NCOLFBAR 7 Ncol fbar...ncol sdelf are colum #'s
NCCOLSFBAR 8 in mr_fbar.scl datafile

NCOLDELF 9

NCOLSDELF 10

| NANO I include anomal ous differences
ATOWNAME | - I the atomtype is "I-"

OCCUPANCY .1 I guess for occupancy

BVALUE 35.0 I guess for bval ue

REFI NEALL I refine everything that is reasonable
SOLVE ' run SOLVE

Keywords for the solve_mad.script and solve_mir.script files

There are alot of keywords that can affect what SOLVE does. Ordinarily you do not have to worry about most of these
because they are all set for youin ANALYZE_MAD. The solve_mad.script file written out by ANALYZE MAD or the

solve_mir.script file written by ANALYZE MIR will have most of these keywords set for you. The keywords are listed here
so that you can understand what they do and so that you can set them if you want to.

Most of these keywords can be specified at the beginning of automated data analysis to control what happens when SOLVE
is called. For example, typing "ntopsolve 2" in the keywords before running SCALE_MAD and ANALYZE_MAD will
affect SOLVE when it is called by restricting the number of solutions analyzed at the end of the routine to 2.

SOLVE treats MAD phasing and MIR phasing in ailmost exactly the same way except at the very end of the routine.
Consequently "derivative" and "lambda’ have the same meaning to SOLVE. Y ou can enter information about lambda 1 by
typing "lambda 1" or "derivative 1". The keywords that are specific to MAD phasing are listed at the top of the list.

Keywords that have a meaning for MAD data but not for MIR data:

| NFI LE xxXx. data Principal input dorgbn-style file with conpressed MAD dat a
from MADVMRG and optional additional columms
of data. (usual file nanme = "solve.data"). This file
is usually produced by ANALYZE MAD.

MADFPFMFI LE yyy. scl Additional input file with (F+, sigm, F-

file:///C|/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/html/html_solve/manual/solve.html (5 of 7)8/10/2005 3:47:42 PM



Solve

,sigma) for each wavelength will be yyy. scl
This file is used at the very end of SOLVE

for Bayesian correl ated MAD phasing if the
keyword "bayes" is set in ANALYZE MAD or the
keyword "i madphase n" is set in SOLVE. All the
wavel engt hs have "inphase" specified for this
wor k. ( DEFAULT="mad_f pfm scl")

JSTD n wavel ength to be used as reference (default = | owest wavel ength)

| MADPHASE n This is a MAD dataset, n should match JSTD n

NOREFI NESCALE nclude this for all wavel engths usually because the
refinements in SOLVE are based on MADMRG out put which
shoul d not be further refined.

If xx is not recogni zed by SOLVE you need to

speci fy instead:

Keywords that apply to both MAD and MR dat a:

NNATF n colum # in "infile"” for native F (pseudo-native for MAD)
NNATS n colum # in "infile" for signa of native f
gotoderiv n go to derivative (wavel ength) n and get ready to read sone

nodi fi cations of the paraneters for this wavel ength

got oatom n go to the n"th atomin this wavel ength/derivative and get
ready to read sone nodifications of its paraneters

LABEL XXXXXX | abel for this wavel engt h/derivative

NCOLFBAR n colum # for Fbar for this wavel ength/derivative
For MAD data, this and the next three values are only
needed for the one wavel ength defined by JSTD
For MR data, they are needed for all derivatives

NCOLSFBAR n colum # for sigma of Fbar
NCOLDELF n colum # for del Ano (if INANO i s specified)
NCOLSDELF n colum # for sig of del Ano
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NCOLFHCOS  xx colum # in "infile" for estimted heavy atom structure
factor conponent along native structure
factor. (Qutput from MADBST for MAD data). This will be
used in calculation of heavy atom di fference
Fouriers if ncolfhsin is also specified.
For MR data, you can specify which derivative this applies
to by replacing the "1" in "ncolfhcos(1)" w th another
derivative nunber. NCOLFHCOS is equival ent to NCOLFHCOS(1)

NCCLFHSI N xx colum # in "infile" for estimted of heavy atom structure
factor perpendicular to native structure
factor. See ncolfhcos. NCOLFHSIN is equivalent to
NCOLFHSI N( 1)

PATTFFTFI LE XXXXXX MAD data: Use previously cal cul ated Patterson FFT

XXXXXX as the patterson map for the anomal ously
scattering

atons in this MAD structure.

MR data: use patterson FFT xxxxx as patterson map for
derivative #1. PATTFFTFILE is equivalent to
PATTFFTFI LE(1) (For ot her derivs, change the "1" to the
appropriate derivative nunber).

Also see all the commonly-used keywords for SOLVE.
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SOLVE scoring
SOLVE uses four scoring criteria to evaluate each solution:

. Analysis of difference Pattersons

. "Free" sdlf-difference Fourier analyses
. Non-randomness test on native fourier
. Figure of merit of phasing

SOLVE uses the 10-30 seeds generated from the analyses of Patterson functions as trial solutions and
scores each seed. From this set of scores, an average score and the standard deviation of this average

score is obtained for each criteria. A Z-score (number of standard deviations above the mean) is then

calculated for each trial solution for each criteria. The overall Z-score for a solution is the sum of the

individual Z-scores, corrected for any large deviation among the scores.

Analysis of difference Pattersons

The analysis of the difference Pattersons for aMAD dataset are carried out in two steps. First all
Patterson vectors that should result from all the sitesin a derivative are calculated. Then the difference
Patterson is examined at these positions and the relative occupancies of all the sites are refined so asto
match the Patterson as closely as possible. The comparison of observed and calculated peak

heights* 1000/rms of the map is printed out along with an overall quality of the solution and evaluation
of thefit to the difference Patterson.

"Free" self-difference Fourier analyses

The difference fouriers calculated here use al anomalously scattering atoms except just one atom to be
examined (and all that are equivalent to it) to calculate native phases. These native phases are used to
calculate a difference Fourier; the Fourier is examined at the coordinates of the test site and the peak
height/rms of the map is noted. Thisis repeated for each anomal ously-scattering atom in the structure
and the heights are printed out.

Non-randomness test on native fourier

Most protein crystals have solvent regions (with low density and low variation in electron density) and
protein regions (with high variation of density and moderate average density). This program examines
the standard deviation (SD) of the local electron density in various locations around the unit cell and
determines if the variation of this SD is high or low. If the phases are random, then you get alow
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variation of the SD (the whole unit cell israther uniform and looks like noise). If they are good, you get
a high variation of the SD (part of the unit cell is smoother than another part). The program also analyzes
the correlation of local r.m.s. density to see whether adjacent regions in the map tend to have similar r.m.
s. variation. Thisis essentially a measure of how contiguous the regions of high and low variation are.
Thismeasure is reported back as the "correlation coefficient” (CC) in SOLVE. Inversions 1.11 and
higher the correlation coefficient is used in the actual scoring procedure (and not the standard deviation).

Figure of merit of phasing

The figure of merit of phasing the native structure proves to be a useful criteriain scoring a solution.
Solutions with low figures of merit are unlikely to be correct, while those with a high figure of merit are
likely to beright if the other criteria are also favorable.

Correction for uneven scores

SOLVE makes a correction on the score to reflect the discrepancy between the various scores. The effect
iSsto score a solution that has a uniformly good score for all criteria higher than a solution with avery
good score on just one criteria.
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Quick Start

How to use RESOLVE

Y ou can run RESOLVE right after SOLVE (using solve.mtz as input), or you can run it using an mtz-format file written by
another program.

Usualy if you have MAD/SAD/MIR data, you will want to (1) edit and run one of the standard SOL V E scripts( to solve your
structure and calculate an initial map, and (2) edit and run the RESOLVE BUILD script to density modify the map and build an
atomic model. With fast model-building, the whole process only takes afew hours for asmall protein.

If you have an MR model and FOBS data, you will want to run the RESOLVE_BUILD script to remove model bias and build a
new atomic model.

If you have non-crystallographic symmetry, you will want to include that in your resolve scripts, either by specifying the NCS
matrices (see Keywords for resolve) or by specifying the coordinates of some of the atoms in each monomor with a PDB file "ha

pdb" (this can be the heavy-atom file written by SOLVE for MIR/MAD/SAD data, or afile you create from some of the CA atoms
in your starting PDB file for your MR solution).

Running RESOLVE right after SOLVE

Itisredly easy to run RESOLVE right after SOLVE. Just go to the directory where you ran SOLVE and type (or put in a
command file):

#!/ bi n/ csh

# Here is a very minimal script to run RESCLVE:

# Set CCP4 variables for symetry information and

# for file handling:

setenv SYMOP /usr/local/lib/solvel/symop.lib

setenv SYM NFO /usr/local/lib/solve/symnfo.lib

setenv CCP4_OPEN UNKNOMN

# Now run RESCLVE:

resol ve<<eQOD

sol vent _content 0.4 I your solvent content goes here.

! Next line is protein sequence file

seqg_file protein.seq

EQD

# Now "resolve.nm z" has the output anplitudes, weighted F, phases,

# figure of nerit and HL-coeffs in colums | abelled: FP PH M FOWM HLAM HLBM HLCM HLDM
# Al so resol ve. pdb contains your nodel and the heavy-atomsites from SOLVE.
#

That'sit! (Sure, there are afew other keywords, but usually you don't need them.) (More sample scripts are available too.)
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. RESOLVE will read from "solve.mtz" and write out new structure factor amplitudes and phases to "resolve.mtz."

. You can use "resolve.mtz" in the same way as you use any mtz file in the CCP4 suite.

. The new phases are called PHIM and the figure of meritis FOMM (M isfor modified).

. If thereisafilecalled "ha.pdb" in your working directory, RESOLVE will assume it contains heavy-atom sitesin PDB
format and will try to find NCSin them and to apply it if it exists. It will ignore the NCSif the correlation is very low.

. RESOLVE will build amodel of your structure into the density after doing statistical density modification. If you specify
seq_file, then it expects afile with the sequence of your protein (1-letter code); if your protein has more than one unique
chain, separate them with aline starting with the characters ">>>". No need to enter multiple copies of the same chain.

. Resolvewill initially use only data in the resolution range where the starting figure-of-merit is significant, then will carry
out phase extension.
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resolve_output

Back to RESOL VE table of contents

RESOL VE output

Theoutput from RESOL VE follows. The data arefor the molecular replacement example using initiation factor 5A
shown in the example section of the manual. Y ou can run this data through yourself using the data and command filesin the

SOLVE/RESOLVE library installation directory, usually located at the place referred to by $SOLVEDIR/examples_resolve/

------------------------ COPYRIGHT NOTICE - -----mmmmmmmm o e oo
Los Al anpos National Laboratory

This program was prepared by the Regents of the University of California at

Los Al anbs National Laboratory (the University) under Contract No.

W 7405-ENG 36 with the U S. Department of Energy (DOE). The University has

certain rights in the program pursuant to the contract and the program shoul d

not be copied or distributed outside your organization. Al rights in the

program are reserved by the DOE and the University. Neither the U S.

Governnent nor the University makes any warranty, express or inplied, or

assunes any liability or responsibility for the use of this software.

R R I S b I b b S b S S R I b b S S b S b S b S b S S R I R S S b S b S

--- Resol ve--- *

Reci procal - space solvent flattening and
Maxi mum | i kel i hood density nodification

Type "resol vehel p" for on-line help
or see "http://resolve.lanl.gov"

*
*
*
*
*
*
*
khkkhkkhkkkhkhkkhkhhkhkkhkhkhhkhhhhkhkhkhkhhhkhhhd khhkhkhkkkhkikkhd ik khkhkkxk )ik kkhkkxk*

*
*
*
*
*
*
*

(version 2.00 of 22-Mar-2001)
Tom Terwi | liger, Los Al anos National Laboratory, "terw ||iger @ANL. gov"

>hklin signmaa 2EIF. ntz

Data to be read fromntz file:
sigmaa_2ElF. ntz

>| abi n FP=FP FC=FC PH C=PH C FOVEWCVB
Current val ue of "LABIN' is:
| abi n FP=FP FC=FC PH C=PH C FOVEWCMB

>mask_cycl es 10
Nunmber of mask/image cycl es: 10

>m nor _cycles 10
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Nunmber of m nor cycles per nask/imge cycl e: 10
>sol vent _content 0. 60 ! solvent fraction
Fraction of unit cell assuned to be solvent is: 0. 6000000

>prinme_and_swi tch
Prime-and-switch phasing will be used (requires FC PHIC FP to be input).

>hkl out resolve_ps.ntz

Data to be witten to mz file:

resolve_ps.ntz

Al'l done with inputs

The date today is 12-apr-01. Your license is good until 15-jul-07.

User: terw || Logi cal Nane: sigmaa_ 2EIF.ntz

Status: READONLY  Filenane: sigmaa_2EIF.ntz

HEADER | NFORMATI ON FROM | NPUT MIZ FILE ON I NDEX 1

* Title:

* Nunber of Colums = 11
* Nunber of Reflections = 12490
* Mssing value set to NaNin input mtz file
* Col um Label s :
HKL FCPHC FOW FP SI GFP DELFWI FWI WCMB
* Colum Types :
HHHFPWFQFFW
* Cell Dinensions :
113.95 113.95 32.47 90.00 90.00 90.00

* Resol ution Range :

0. 00262 0. 22672 ( 19. 537 - 2.100 A)
* Sort Order
1 2 3 0 0

* Space group = 14 (nunber 79)
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* | nput Program Label s :

HKL FP PHB FOM HLA HLB HLC HLD FC PH C SI GFP FWI
* |nput File Labels :

HKL FC PH C FOWM FP SI G-P DELFWI FWI' WCMVB

* Lookup Table : the nunber indicates the input colum no.
* Array el enent n corresponds to the nth program | abel

0 0 0 7 0 11 0 0 0 0 4 5 0 0

FP taken from col umm 7

FOM t aken from col unm 11

Reading in FC and PH C from col ums 4 5
FOMw Il be applied to PH C

Tot al of 12490 reflections read fromfile

Mean FOM of input data = 0. 2678500

Addi ng FOOO term (0.0) to this |ist
Closed nmtz file
Space group is 79

FORMATTED oD file opened on unit 11
Logi cal nanme: SYMOP, Full nane: /usr/local/lib/solvel/synop.lib

Centric Zone 1 Reflections of Type hkO

Cycl es of mask generati on: 10

Sub- cycl es per mask cycl e: 10

Warning -- Total of 1 centric phases off by > 0. 5000000
degr ees

Expected | corrected for centering by factor of 2

Results of w lson scaling:

Scale on | = 1.89

B-val ue = 9. 66

Setting up small boxes for cross-validation
Subdi vi sions along X Y Z: 6 3 1 for total of 18 boxes.
Results of wilson scaling of nodel Fc to Fo :

Scale on | to apply to Fc = 3.02
B-value to apply to Fc= . 128E-01

Estimates of overall B and scale for fitting Mddel nmap to Qbserved intensities
Overall B = 25.6 Corresponding to rnsd of about 0.6 A
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Overal |l scale, corresponding to fraction of atons nodelled wth this error

CC of (Observed, Mddel Intensities vs resolution
(CALCis fit to the observed CC with a pseudo- B)

ACENTRI C CENTRI C

N CcC CALC N CcC CALC

20 0.42 0. 27 13 -0. 36 0. 27

53 0.35 0. 27 23 0. 20 0. 27
111 0.33 0. 26 37 0.16 0. 26
196 0.10 0.25 44 0.13 0.25
211 0. 30 0.23 41 0.41 0.23
365 0.39 0.22 67 0.01 0.22
457 0.39 0. 20 63 0. 27 0. 20
511 0.24 0.19 66 0.25 0.19
606 0.10 0.17 71 0.29 0.17
621 0.13 0. 16 64 0.22 0.16
817 0.13 0.14 82 0.23 0.14
738 0.10 0.13 64 0.14 0.13
893 0. 06 0.12 83 0.17 0.12
1123 0.03 0.11 92 -0.02 0.11
1484 0. 06 0.09 114 -0. 07 0.09
1395 0. 09 0.08 99 0. 07 0.08
1751 0. 09 0. 07 115 0.15 0. 07

Scaling nodel reflections with overall scale and B

Resol ution cutoff recomended based on CC of FP and FC i s:

Overall R-factor for FC vs FP: 0.45 for 12491 refl ections

Reset-resol ution with adjusted resol ution of 2.10 and NREFL
Tot al of O reflections < 2.10 tossed, leaving a total of

CGetting starting map using current phases

Mask cycl e 1

bi g_cycle
get _mask_wang
New WAng averagi ng radius = 11.57

Mean +/- SD of density in protein region : 0.00 +/ - 0. 30
Mean +/- SD of density in solvent region : 0. 00 +/ - 0.13

Pl ot of probability that a grid point is part of protein region
vs percentiles of grid points
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All points to the left of the "+" signs are in solvent masked regi on
those to right are in protein nasked region.

The val ues of p(protein) should change fromlow to high approximtely at the val ue
of the fraction of solvent indicated by the "+" signs.
The sharper the transition the better.

Note: the mask is only used to nake an estimate of the p(protein)

The val ues of p(protein) are used to weight the contribution of each grid
point to the |ikelihood of the nmap:

p(rho) = p(rho|protein) p(protein) + p(rho|solvent) (1-p(protein))

This says that the probability that we woul d observe the value "rho" of electron
density at this point is the probability that we woul d observe "rho" if this were
really protein tinmes the probability that this is protein, plus the probability
that we woul d observe "rho" if it were really solvent, tinmes the probability that
it is solvent.

Probability that grid points are in protein region

1.0 XXXXXXX
+ XXX
+ XX
+ XX
+ XX
+ XX
. +X
p( protein) : XX
0.5 . X +
X +
X +
X +
XX +
X +
. XXX + .
0.0 . XXXXXXXXXXXXXXXXXX. oo oo e n s R
0 20 40 60 80 100

Percentile of grid points

Range of P(protein) and percentiles
used for histogranms of protein and sol vent:

P(protein) Percentile
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Low Hi gh Low Hi gh
Pr ot ei n: 0. 85 1.00 80. 100.
Sol vent : 0. 00 0.12 0. 44,
M nor cycle 1

Pl ot of Observed (0) and nodel (x) electron density distributions for protein region
where the nodel distribution is given by, p_nodel(beta*(rhotoffset)) = p_ideal (rho)
and then convoluted with a gaussian with width of sigm

where sigma, offset and beta are given bel ow under "Error estimte."

0. 05, . e
XX00
X00XO0
X0 X0
. XX . X0
p(rho) : X . X0
X0 X
X . XX
OX . XX
X . XXX
(0)'¢ . OOXXXX
0X . 000OXXXX
. OXX . 0O0XXXX000
0.0  XXXXXXXX. o ittt e e e e e e e e e e e XXXXXXXXXX
-2 -1 0 1 2 3

normalized rho (0 = nean of solvent region)

Pl ot of Cbserved (0) and nodel (Xx)
el ectron density distributions for solvent region

0XO0
X. XX
X. X

p(rho) : X : X
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X . X
X . X
o0 . oOX
X . 0X
XX . X
X . 0X
: XX . XX :
0.0  XXXXXXXXXXXXXX. . oo XXXXXXXXXXXXXXXXXXXXXX
-2 -1 0 1 2 3

normalized rho (O mean of solvent region)

Error estimate for map on this cycle

The estimated error in this map is 0. 11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.31 and 0. 13 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 0.63, offset is -0.09 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 27 0. 27 0. 27
12490 1138 11352

I nput phase probabilities weighted by factor of 0. 00

Mean normalized structure factor changes this cycle

Acentric Centric
0. 24 0. 27
11350 1136

New figure of nerit () of phasing based on:
(1) experinental phase information, and
(2) likelihood of the resulting map

These are the 2 sources of phase information used in resolve. The phase
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information fromthem should be correlated and the phase information from
the map shoul d increase during maxi mum |ikelihood density nodification.

Correl ati on between prior and map phase information is neasured by
, the mean cosine of the phase difference.

Best estimate of true figure of nmerit of map-likelihood phasing is
ratio of correlation to of prior information

Fracti on of phase information fromprior is estimated from of prior, map

Acentric reflections only:

--Figure of merit-- CcC Fraction Tot a

DM N Prior Map  Tot al Prior-Map fromPrior (corrected) N

ALL: 0.33 0.40 0.40 0.72 0. 00 0. 40 11352
6.0 0.45 0.73 0.73 0.76 0. 00 0.73 431
3.8 0.50 0.80 0.80 0.82 0. 00 0. 80 1473
3.0 0.36 0.62 0.62 0.75 0. 00 0. 62 1892
2.6 0.30 0.36 0.36 0.72 0. 00 0. 36 1932
2.3 0.26 0.22 0.22 0. 69 0. 00 0.22 3459
2.1 0.31 0.17 0.17 0. 65 0. 00 0.17 2165

WGT: 0.00 1.00

Centric reflections only:

--Figure of nerit-- CcC Fraction Tot a

DMN Prior Map Tot al Prior-Map fromPrior (corrected) N

ALL: 0.27 0. 46 0. 46 0. 56 0. 00 0. 46 1138
6.0 0.34 0.65 0. 65 0. 68 0. 00 0. 65 130
3.8 0.38 0. 67 0. 67 0. 54 0. 00 0. 67 222
3.0 0.28 0.59 0.59 0.55 0. 00 0.59 197
2.6 0.24 0.40 0. 40 0.56 0. 00 0. 40 179
2.3 0. 16 0. 26 0. 26 0.52 0. 00 0. 26 262
2.1 0. 27 0. 25 0. 25 0. 57 0. 00 0. 25 148

WGT: 0. 00 1.00
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Al reflections:

--Figure of nerit-- CcC Fraction Tot a

DMN Prior Map Tot al Prior-Map fromPrior (corrected) N

ALL: 0.33 0. 40 0. 40 0.70 0. 00 0. 40 12490
6.0 0.42 0.71 0.71 0.74 0. 00 0.71 561
3.8 0. 49 0.78 0.78 0.78 0. 00 0.78 1695
3.0 0.35 0. 62 0. 62 0.73 0. 00 0. 62 2089
2.6 0. 29 0. 36 0. 36 0.70 0. 00 0. 36 2111
2.3 0.25 0.23 0. 23 0. 68 0. 00 0.23 3721
2.1 0.31 0.17 0.17 0. 65 0. 00 0.17 2313

WGT: 0. 00 1. 00

EE RS S b I b b S b b S b b S S S R R S S S b b S R I R S b S b i b I b S b b S S b S

*

CORRECTED OVERALL FI GURE CF MERIT OF PHASI NG 0. 40 *
BIAS RATIO 5.39 *
*

*

*

*

*

* Bias ratio is given by /(FOVA* FOVB), *

* where phi A and FOVA are phase and from prior (nodel or *

* experiment) and phi B and FOVB are from nap. *
* Bias ratio is about 1 if phi A and phi B are independent, *
* >1 if phiB is biased by phiA, *
* <1 if FOVA or FOVMB are overestimated *
* *
* *

If BIAS RATI O <1, CORRECTED FOM = ESTI MATED FOM * BI AS RATI O

khkkhkkhkkhkkhkkhkhkkhkhkhkkhkhkhkhkhhkhkhhkhkhkhkhkhhkhkhkhkhkhhkhkhhkhk khkhkhkkkhkhkhk khkhkhkikkk ) kkkhkikkkkix*x*%

Curul ati ve phase change fromstart to end of this cycle []

DMN ----- acentric-------- -------- centric-------  --------- all---------
N N N
0.0 0.72 0.82 11352. 0.56 0.74 1138. 0.70 0.81 12490.
6.0 0.76 0.81 431. 0. 67 0.78 130. 0.74 0. 80 561.
3.8 0.82 0. 85 1473. 0.54 0.71 222. 0.78 0.84 1695.
3.0 0.75 0.81 1892. 0.55 0.71 197. 0.73 0. 80 2089.
2.6 0.72 0.81 1932. 0. 56 0.73 179. 0.70 0. 80 2111
2.3 0. 69 0.81 3459. 0.52 0.75 262. 0. 68 0. 80 3721.
2.1 0. 65 0.79 2165. 0.57 0. 83 148. 0. 65 0.79 2313.

End of first cycle
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M nor cycle 2

Error estimate for map on this cycle

The estimated error in this map is 0. 10 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 44 and 0. 13 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.00, offset is -0. 07 and sigm is a

random vari able with rns val ue of 0. 10

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 40 0. 46 0. 40
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.17 0.17
11351 1137
M nor cycle 3

Error estimate for map on this cycle

The estimated error in this map is 0.11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0. 48 and 0. 13 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.05, offset is -0.08 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle
Overal | Centric Acentric
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0. 45 0.52 0. 45
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.12 0.11
11351 1137
M nor cycle 4

Error estimate for map on this cycle

The estimated error in this map is 0.11 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 48 and 0. 13 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.05, offset is -0.09 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 45 0.52 0. 45
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.10 0.08
11351 1137
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.49 and 0. 12 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + signa

where beta = 1.06, offset is -0.10 and sigm is a
random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 46 0.53 0. 45
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.08 0.07
11351 1137
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.11 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.49 and 0. 12 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.06, offset is -0.10 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 46 0.53 0. 46
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 07 0.07
11351 1136
M nor cycle 7
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Error estimate for nmap on this cycle

The estimated error in this map is 0.11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.49 and 0. 12 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.06, offset is -0.11 and sigm is a

random variable with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 47 0.54 0. 46
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 06 0. 06
11351 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.49 and 0. 12 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.06, offset is -0.11 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 47 0.54 0. 46
12490 1138 11352

Mean normal i zed structure factor changes this cycle
Acentric Centric
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0. 06 0. 06
11351 1136
M nor cycle 9

Error estimate for map on this cycle

The estimated error in this map is 0. 11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.50 and 0. 11 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.06, offset is -0.11 and sigm is a

random vari able with rns val ue of 0.11

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 47 0.54 0. 46
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 05 0. 05
11351 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0. 11 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.50 and 0.11 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma

where beta = 1.06, offset is -0.11 and sigma is a
random variable with rnms val ue of 0.11
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Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 47 0.54 0. 46
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.04 0. 05
11351 1136
Mask cycl e 2
bi g_cycle

get _mask_wang
New WAng averagi ng radius = 6.47

Mean +/- SD of density in protein region : 0.01 +/- 0. 50
Mean +/- SD of density in solvent region : 0.00 +/ - 0.10
M nor cycle 1

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.50 and 0. 10 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.07, offset is -0.12 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 47 0.55 0. 46
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 05 0. 05
11351 1136
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M nor cycle 2

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.50 and 0. 10 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.07, offset is -0.15 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.55 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 04 0. 04
11351 1136
M nor cycle 3

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.50 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.07, offset is -0.16 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352
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Mean normalized structure factor changes this cycle

Acentric Centric
0.03 0. 03
11351 1136
M nor cycle 4

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.07, offset is -0.17 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0. 55 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 03 0. 03
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
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where beta = 1.07, offset is -0.17 and sigm is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 03 0. 03
11351 1136
M nor cycle 6

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.07, offset is -0.18 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.02 0.03
11351 1136
M nor cycle 7

Error estinmate for map on this cycle

file:///CJ/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/htmi/html_resol ve/resolve_output.htm (18 of 74)8/10/2005 3:47:46 PM



resolve_output

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.18 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.02 0.03
11351 1136
M nor cycle 8

Error estinmate for map on this cycle

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.18 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.02 0.02
11351 1136
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M nor cycle 9

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.19 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.02 0.02
11351 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 09 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.18 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle
Overal | Centric Acentric
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0.48 0. 56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.02 0.02
11351 1136
Mask cycl e 3
bi g_cycle

get _mask_wang
New WAng averagi ng radius = 6. 37

Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0.08
M nor cycle 1

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.20 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 02 0.02
11351 1136
M nor cycle 2
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Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.20 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.02 0.02
11351 1136
M nor cycle 3

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.20 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352
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Mean normalized structure factor changes this cycle

Acentric Centric
0. 02 0.02
11351 1136
M nor cycle 4

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.20 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm

where beta = 1.08, offset is -0.20 and sigma is a
random variable with rnms val ue of 0.12

file:///CJ/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/htmi/html_resol ve/resolve_output.htm (23 of 74)8/10/2005 3:47:46 PM



resolve_output

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.20 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 7

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
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val ues of 0.51 and 0. 08 respectively.
The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
obs rho = beta * (ideal rho + offset) + sigm
where beta = 1.08, offset is -0.21 and sigma is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 8

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
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M nor cycle 9

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136

M nor cycle 10

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352
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Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0. 02
11351 1136
Mask cycl e 4
big _cycle

get _mask_wang
New WAng averaging radius = 6.35

Mean +/- SD of density in protein region : 0. 00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0.08
M nor cycle 1

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.08, offset is -0.21 and sigm is a

random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1135
M nor cycle 2
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Error estimate for nmap on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.08, offset is -0.21 and sigm is a

random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 3

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.08, offset is -0.21 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle
Acentric Centric
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0.01 0.02
11351 1136
M nor cycle 4

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.08, offset is -0.21 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma

where beta = 1.09, offset is -0.21 and sigma is a
random variable with rnms val ue of 0.12
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Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.02
11351 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.56 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
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P_ideal (rho) to observed ones is:
obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 9

file:///CJ/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/htmi/html_resol ve/resolve_output.htm (31 of 74)8/10/2005 3:47:46 PM



resolve_output

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 08 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.21 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 56 0.47
12490 1138 11352
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Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
Mask cycl e 5
big cycle

get _mask_wang
New WAng averaging radius = 6.34

Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0. 07
M nor cycle 1

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns

val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions

P_ideal (rho) to observed ones is:
obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11350 1136
M nor cycle 2

Error estinmate for map on this cycle
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The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 3

Error estinmate for map on this cycle

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
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M nor cycle 4

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.08, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle
Overal | Centric Acentric
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0.48 0. 57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + signa

where beta = 1.09, offset is -0.22 and sigm is a
random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 9
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Error estimate for nmap on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.09, offset is -0. 22 and sigm is a

random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle
Acentric Centric
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0.01 0.01
11351 1136
Mask cycl e 6
bi g _cycle

get _mask_wang
New WAng averagi ng radius = 6.33

Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0. 00 +/ - 0. 07
M nor cycle 1

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 2

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
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val ues of 0.51 and 0. 07 respectively.
The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
obs rho = beta * (ideal rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 3

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
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M nor cycle 4

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0. 57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 5

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 57 0.47
12490 1138 11352
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Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 6

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11350 1135
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
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where beta = 1.09, offset is -0.22 and sigm is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 8

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11350 1136
M nor cycle 9

Error estinmate for map on this cycle
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The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11350 1136

M nor cycle 10

Error estinmate for map on this cycle

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.01 0.01
11350 1136
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Mask cycl e 7

bi g_cycle
get _mask_wang
New WAng averagi ng radius = 6.32
Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0. 07
M nor cycle 1

Error estimate for map on this cycle
The estimated error in this map is 0.12 based on an analysis of the el ectron

density distributions in the protein and sol vent
val ues of 0.51 and 0. 07 respectively.

regions with rns

The value of the scale factor beta relating idealized density distributions

P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma

where beta = 1.09, offset is -0.22
random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

and sigma is a

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 2

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron

density distributions in the protein and sol vent
val ues of 0.51 and 0. 07 respectively.

regions with rns

The value of the scale factor beta relating idealized density distributions
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P_ideal (rho) to observed ones is:
obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 3

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 4
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Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

file:///CJ/Documents%20and%20Setti ngs/terwill/Desktop/html_081005/htmi/html_resol ve/resolve_output.htm (47 of 74)8/10/2005 3:47:46 PM



resolve_output

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.08, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm

where beta = 1.09, offset is -0.22 and sigma is a
random variable with rnms val ue of 0.12
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Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.01 0.01
11351 1136
M nor cycle 9

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
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val ues of 0.51 and 0. 07 respectively.
The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
obs rho = beta * (ideal rho + offset) + sigm
where beta = 1.08, offset is -0.23 and sigma is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0.01
11351 1136

M nor cycle 10

Error estinmate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0. 57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11351 1136
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Mask cycl e 8

big _cycle
get _mask_wang
New WAng averagi ng radius = 6.32

Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0. 07
M nor cycle 1

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11351 1136
M nor cycle 2

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + signa

where beta = 1.09, offset is -0.22 and sigm is a
random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11351 1136
M nor cycle 3

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.00 0. 00
11351 1136
M nor cycle 4
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Error estimate for nmap on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.09, offset is -0. 22 and sigm is a

random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11351 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle
Acentric Centric
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0. 00 0. 00
11350 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0. 12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma

where beta = 1.09, offset is -0.22 and sigma is a
random variable with rnms val ue of 0.12
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Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 9

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
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P_ideal (rho) to observed ones is:
obs rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs_rho = beta * (ideal _rho + offset) + sigma
where beta = 1.09, offset is -0.22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0.47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
Mask cycl e 9
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big cycle
get _mask_wang

New WAng averagi ng radius = 6.32
Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0.00 +/ - 0. 07

M nor cycle 1

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigma is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 2

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
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where beta = 1.09, offset is -0.22 and sigm is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 3

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 4

Error estinmate for map on this cycle
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The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 5

Error estinmate for map on this cycle

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11350 1136
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M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0.00
11350 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle
Overal | Centric Acentric
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0.48 0. 57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11350 1136
M nor cycle 9

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + signa

where beta = 1.09, offset is -0.22 and sigm is a
random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11350 1136

M nor cycle 10

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.09, offset is -0. 22 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
Mask cycl e 10
bi g_cycle

get _mask_wang
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New WAng averagi ng radius = 6.31

Mean +/- SD of density in protein region : 0.00 +/ - 0.51
Mean +/- SD of density in solvent region : 0. 00 +/ - 0. 07

Pl ot of probability that a grid point is part of protein region
vs percentiles of grid points

All points to the left of the "+" signs are in solvent masked regi on
those to right are in protein nasked region.

The val ues of p(protein) should change fromlow to high approximtely at the val ue
of the fraction of solvent indicated by the "+" signs.
The sharper the transition the better.

Note: the mask is only used to nake an estimate of the p(protein)

The val ues of p(protein) are used to weight the contribution of each grid
point to the |ikelihood of the nmap:

p(rho) = p(rho|protein) p(protein) + p(rho|solvent) (1-p(protein))

This says that the probability that we woul d observe the value "rho" of electron
density at this point is the probability that we woul d observe "rho" if this were
really protein times the probability that this is protein, plus the probability

t hat we woul d observe "rho" if it were really solvent, tinmes the probability that

it is solvent.

Probability that grid points are in protein region

1.0 e XXXXX XXX XXX XXX
+ X
+ X
+ X
+ X
+
+X
p( protein) +
0.5 X
X+
+
X +
X +
X +
. XX + .
0.0 . XXXXXXXXXXXXXXXXXXXXXXX. v v R
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0 20 40 60 100
Percentile of grid points

Range of P(protein) and percentiles
used for histogranms of protein and sol vent:

P(protein) Percentile

Low Hi gh Low Hi gh
Pr ot ei n: 0. 89 1.00 70. 100.
Sol vent : 0. 00 0. 13 0. 52.
M nor cycle 1

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron

density distributions in the protein and solvent regions with rns

val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions

P_ideal (rho) to observed ones is:
obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 2

Error estimate for map on this cycle
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The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 3

Error estinmate for map on this cycle

The estimated error in this nmap is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11350 1136
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M nor cycle 4

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0.00
11350 1136
M nor cycle 5

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle
Overal | Centric Acentric
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0.48 0. 57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11350 1136
M nor cycle 6

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0. 51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + sigm
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11349 1136
M nor cycle 7

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the el ectron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + signa

where beta = 1.09, offset is -0.23 and sigm is a
random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0.00 0. 00
11349 1136
M nor cycle 8

Error estimate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signa
where beta = 1.09, offset is -0.23 and sigm is a

random vari able with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normalized structure factor changes this cycle

Acentric Centric
0.00 0. 00
11349 1136
M nor cycle 9
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Error estimate for nmap on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:

obs rho = beta * (ideal _rho + offset) + signma
where beta = 1.09, offset is -0.23 and sigm is a

random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Overal l Centric Acentric
0. 48 0.57 0. 47
12490 1138 11352

Mean normal i zed structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11349 1136

M nor cycle 10

Fi nal cycle

Pl ot of Cbserved (0) and nodel (x) electron density distributions for protein region
where the nodel distribution is given by, p_nodel(beta*(rho+toffset)) = p_ideal (rho)
and then convoluted with a gaussian with width of sigm

where sigma, offset and beta are given bel ow under "Error estinmate.”

XXXXXXO00 .

0X 0000X 00

0X 0 XX.
: 0X XX00
p(rho) : X XX0
XX . X0
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0 X . XX
XX . OXXX
X . OO0OXXXXXX
X0 . 0O00000XXXXXXX
XX . OOOOXXXXXXO0

XXO0 . XXXXO0
0.0 0. . e X
-2 -1 0 1 2 3

normal i zed rho (O mean of sol vent region)

Pl ot of Cbserved (0) and nodel (Xx)
el ectron density distributions for solvent region

0. 18, . o
00
0.0
p(rho) .
0. O
XXXO0
X . XX
X . XX
XX O . X
: XXX 0 . 0 XX :
0.0 XXXXXXXXXXXXX0000. . ..... 0000XXXXXXXXXXXXXXXXXXXXXX
-2 -1 0 1 2 3

normal i zed rho (0 = nean of solvent region)

Error estinmate for map on this cycle

The estimated error in this map is 0.12 based on an analysis of the electron
density distributions in the protein and solvent regions with rns
val ues of 0.51 and 0. 07 respectively.

The value of the scale factor beta relating idealized density distributions
P_ideal (rho) to observed ones is:
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obs rho = beta * (ideal _rho + offset) + sigm

where beta = 1.09, offset is -0.23 and sigma is a
random variable with rns val ue of 0.12

Mean starting figure of nmerit this cycle

Over al | Centric Acentric
0. 48 0. 57 0.47
12490 1138 11352

nput phase probabilities weighted by factor of 0. 00

Mean normalized structure factor changes this cycle

Acentric Centric
0. 00 0. 00
11349 1136

New figure of nerit () of phasing based on:
(1) experinental phase information, and
(2) likelihood of the resulting map

These are the 2 sources of phase information used in resolve. The phase
i nformation fromthem should be correlated and the phase information from
the map shoul d i ncrease during maxi mum |ikelihood density nodification.

Correl ati on between prior and map phase information is neasured by
, the nean cosine of the phase difference.

Best estimate of true figure of merit of map-likelihood phasing is
ratio of correlation to of prior information

Fraction of phase information fromprior is estimated from of prior, map

Acentric reflections only:

--Figure of nerit-- CcC Fraction Tot a
DM N Prior Map Tot al Prior-Map fromPrior (corrected) N
ALL: 0.34 0.47 0.47 0.23 0. 00 0. 47 11352
6.0 0.45 0.79 0.79 0. 46 0. 00 0.79 431
3.8 0.51 0.83 0.83 0.42 0. 00 0. 82 1473
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3.0 0.37 0.74 0.74 0.27 0. 00 0.74 1892

2.6 0. 30 0. 49 0. 49 0.21 0. 00 0. 49 1932

2.3 0.27 0.31 0.31 0.16 0. 00 0.31 3459

2.1 0.32 0.19 0.19 0.13 0. 00 0.19 2165
WGT: 0. 00 1. 00

Centric reflections only:

--Figure of nmerit-- CcC Fraction Tot a

DM N  Prior Map Tot al Prior-Map fromPrior (corrected) N

ALL: 0.27 0.57 0.57 0.24 0. 00 0. 57 1138
6.0 0.34 0.68 0.68 0. 38 0. 00 0. 68 130
3.8 0.38 0.73 0.73 0. 27 0. 00 0.70 222
3.0 0.28 0.69 0.69 0.30 0.00 0. 69 197
2.6 0.24 0.56 0.56 0.16 0. 00 0. 56 179
2.3 0.16 0.42 0.42 0. 22 0. 00 0.42 262
2.1 0.27 0.34 0.34 0. 15 0. 00 0. 34 148

WGT: 0.00 1.00

Al reflections:

--Figure of merit-- CcC Fraction Tot a
DM N  Prior Map Tot al Prior-Map fromPrior (corrected) N
ALL: 0.33 0.48 0.48 0.23 0. 00 0. 48 12490
6.0 0.42 0.76 0.76 0. 44 0.00 0.76 561
3.8 0.49 0.81 0.81 0. 40 0. 00 0.81 1695
3.0 0.36 0.73 0.73 0. 27 0.00 0.73 2089
2.6 0.30 0.50 0.50 0. 20 0. 00 0. 50 2111
2.3 0.26 0.32 0.32 0. 16 0. 00 0. 32 3721
2.1 0.31 0.20 0.20 0. 13 0.00 0. 20 2313
WGT: 0.00 1.00
EE R S S b S S b b S b b S b b S i b S S S S e S S S S I b S b b S b e b S S S b S R S b
* *
* CORRECTED OVERALL FIGURE OF MERIT OF PHASING  0.48 *
* BIAS RATIO 1.42 *
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*
* Bias ratio is given by /(FOVA* FOVB), *

* where phi A and FOVA are phase and from prior (nodel or *
* experinment) and phi B and FOVB are from nap. *
* Bias ratio is about 1 if phi A and phi B are i ndependent, *
* >1 if phiB is biased by phiA, *
* <l if FOVA or FOVB are overestinated *
* *
* *

If BIAS RATI O <1, CORRECTED FOM = ESTI MATED FOM * BI AS RATI O

R R S b I b b i b I b b S S R R S b S I S b S S b S S S SRR I S S S S S b S b b S b S b b i

Currul ati ve phase change fromstart to end of this cycle []

DMN ----- acentric--------  -------- centric-------  --------- all---------
N N N
0.0 0. 25 0.36 11352. 0. 25 0. 40 1138. 0. 25 0.36 12490.
6.0 0. 47 0. 50 431. 0. 39 0.48 130. 0. 45 0. 50 561.
3.8 0.43 0. 48 1473. 0. 27 0. 39 222. 0.41 0. 47 1695.
3.0 0. 29 0. 34 1892. 0. 30 0.43 197. 0. 29 0. 35 2089.
2.6 0.23 0. 32 1932. 0. 16 0. 36 179. 0.22 0. 32 2111.
2.3 0.18 0. 29 3459. 0.22 0. 34 262. 0.18 0.29  3721.
2.1 0. 15 0. 23 2165. 0. 15 0.43 148. 0. 15 0. 25 2313.
Al'l done .. witing out new phases

(Q QOPEN al located # 1
User: terw || Logi cal Nane: resolve_ps.ntz
St at us: UNKNOMNN Fi |l enane: resolve_ps.ntz
HEADER | NFORMATI ON FOR QUTPUT MIZ FILE ON I NDEX 3

* Title:

* Nunber of Colums = 10

* Nunber of Reflections = 12490

* Mssing value set to NaN in output ntz file
* Colum Label s :

HKLFP PHMFOW HLAM HLBM HLCM HLDM

* Col um Types :

HHHFPWAAAA

* Cell Dinensions :

113.95 113.95 32.47 90. 00 90. 00 90. 00
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* Resol ution Range
0. 00262 0. 22672 ( 19.542 - 2.100 A)
* There is no sort order recorded in the MIZ header

* Space group = 14 (nunber 79)

kkkkhkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhhkhkhhkhkhkhkhkhhkkhkhkhkhkhkhkhkkhkhkkhkhkkhkhkhkkk k ik k kkkk k,kkk,*,*x*

*

* NOTE: H GH RESOLUTION LIM T ADJUSTED TO 2.10 A

* (Use the keyword resolution to set a different val ue)
*

*

*

*

*

khkkkhkhkhkhkhkkhkhhkhkhkhhhkhhkhkhhhkhkhhhkhhhkhhhkhkhhhkhhhkhkhhhkhhhkihhkikhhkhkhhkhkikkhkikhkkkikikkkix*
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RESOLVE FAQ page

Where can | find all the questions and answers that have been sent to the SOLVE/RESOLVE
newsgroup?"

« You can find them archived at Jiansheng Jiang's very nice site at http://asdp.bnl.gov. On that site,

click the blue button "BBnML" (Bulletin Boards and Mailing Lists) and then click "solve" under
the Archive column.

What do | do if RESOLVE says:

. Sorry, the protein region has no volume? This means that the solvent contentisOor 1. Try a
value in between.

. Sorry, thisisan invalid access code Y ou need to check out your solve2.accessfile. If SOLVE
runs, so should RESOLVE.

. Segmentation fault (core dump, program never starts) There can be several causes. On linux and
SGlI this can happen if your system does not match the system the binaries were compiled on.
Solution: email terwilliger@lanl.gov and I'll send you instructions on how to compile on your

own machine. Also on an SGI: This can happen if your machine doesn't have enough memory
allocated to you. To get around this (at least on an SGI), use the command: "unlimit" . You can
put thisas one line in your .cshrc file if you use csh. The same works on an Alphatoo. Y ou may
also need to increase your swap space in some cases.

. Segmentation fault (core dump after "Writing peaksto.."), same fix as above: use the command:
"unlimit”; may need to increase your swap space or use "small" version.

. killed This happens if you run the too big a version of resolve on an SGI or if you're already
running a big job. See the above command "unlimit" to fix it or use a smaller version.

. /shin/loader: Fatal Error: Program datasize exceeds process datasize limit. Thisisan error
message you get with an Alpha when you don't have enough memory allocated to yourself. To get
around this, edit your ".cshrc" or similar file to include the line "unlimit" or use the "small"
version.

. Sorry, nothing in bins of density? The electron density map you input probably has no reflections
in the resolution range or is all zeros.

. Sorry, cannot add any more onto the "LABIN" line (max 132 characters). RESOLVE cannot use
more than 132 charactersin alabin line. Sorry!

. Sorry: uninterpretable value or keyword. RESOLVE could not parse the input. It stops when this
happens. Usually a keyword it does not recognize was input. Note that RESOLVE does not
recognize partial keywords, you have to type the whole word in.

. Sorry, need to make n_map_max at least [ some number]. The version of RESOLVE you haveis
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not big enough for your dataset. Try the "giant” (resolve_giant) or even the
"huge" (resolve_huge) version. If that does not work, contact the author for a bigger version.

. sorry, thismap has no density. The electron density map you input probably has no reflections in
the resolution range or is all zeros.

. Sorry, need toincrease n_refl_max The version of RESOLVE you have is not big enough for your
dataset. Try the giant or huge versions (resolve _giant or resolve_huge). If that does not work,
contact the author for a bigger version.

. rmsof thismap is nan avg = nan This can happen if there are "NaN" (empty) entriesin your mtz
file. This version of RESOLVE does not always handle these correctly. If you remove them
(mtzdump, remove lines with question marks, f2mtz) it should be ok.

. resolve: Open failed: File: SYMOP. RESOLVE needs the CCP4 symmetry data file " symop.lib".
Usually thisislocated in /usr/local/lib/solve after you download resolve. If it is not there, then
you'll need to find out where it is, then define the environmental variable SYMOP. Smilarly,
SYMINFO needs to be defined.

setenv SYMOP /usr/local/lib/solvel/synop.lib
setenv SYM NFQ usr/local/lib/solve/symnfo.lib

[or wherever they areg].

. Sorry, cannot read segment library needed for automatic model-building. Or Sorry, cannot
properly read fragment libraries .. RESOLVE model-building uses a library of helix/strand
segments and a library of fragments. These are normally located in /usr/local/lib/solve/segments/
after standard installation of SOLVE/RESOLVE. If you define $SOLVEDIR then RESOLVE will
expect to find these libraries in $SOLVEDIR/segments.

Can RESOLVE..

. Extend phasesor fill in missing reflections? Yes, any reflections with non-zero F in your input
file that arein your resolution limits are filled in by RESOLVE (version 1.04 or higher).
Additionally with version 2.01 or higher, all reflections that are completely missing arefilled in
aswell if you specify "fill"

« Use NC-symmetry? Yes, starting with version 2.0.

. Phasefroma partial model? Yes, use iterative model-building for thisone

. Usea MR starting model? Yes, use prime-and-switch phasing or use iterative model rebuilding

. Useamaskthat | input? Yes, sort of. Make a model that covers the region you want masked.
Read the model in with model mask_model.pdb. Then specify use_ model _mask and that will be
used. You can set the radius around each atom to be masked with rad _mask xxx
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Parametersto consider setting if SOLVE does not find a satisfactory solution

If SOLVE does not find a good solution atomatically, there are afew parameters that you might consider
setting to tell it how to go about its search. Some of these are:

. THOROUGH. This keyword tells SOLVE to keep looking through all the seeds even if a good
solution (figure of merit greater than 0.5, score greater than 10) has been seen. The default is
QUICK, the opposite of THOROUGH.

« RATMIN. Thiskeyword specifies the minimum F/sigmathat will be used. The default is 2.0.
SOLVE may be tossing too much of your dataif it is weak.

. RESOLUTION. This keyword tells SOLVE the resolution limitsto use. If they include high
resolution but the datais very poor there, this could prevent SOLVE from finding a solution at
high resolution.

. RESOLUTION_STEPS. Thiskeyword (default = 1) tells SOLVE to cycle through shells of
resolution. Sometimes SOLVE can find a solution at low resolution but not high resolution or
vice-versa. Try avalue of 3if 1 does not work.

. CUTOFF_DERIV. This keyword can be used to give SOLVE more restrictive high- and low-
resolution limits for a particular derivative, wavelength, or native dataset than the overall
resolution limits specified with RESOLUTION.

. RES PHASE. This keyword can be used to set a different high-resolution limit for phasing in
SOLVE than the overall resolution limit.

« SN_MIN and SN_RATIO_MIN. These keywords can be used to automatically set a different
high-resolution limit for phasing in SOLVE than the overall resolution limit. Default is signal-to-
noise minimum of 0.1, minimum ratio to low-resolution signal-to-noise of 0.1.

. FP_OR_FM. Thiskeyword tells SOLVE to keep reflections in MAD datasets where only F+ or
only F- have been measured. If MAD data are very incomplete, SOLVE may be tossing too much
datainitseffort to only use matched F+/F- pairs. The default is FPFM_ONLY, only use matched
pairs.

« FIXSCATTFACTORS vs REFSCATTFACTORS. These keywords tell SOLVE whether to fix or
refine scattering factors f' and f". If your MAD datais pretty weak, refining scattering factors can
lead to worse estimates than you started with.

. NANOMALOUS and NRES. These define the number of anomalously scattering atoms and
protein residue equivalents in the asymmetric unit. NRES defines the overall scale of the data.
The ratio of NANOMALOUS to NRES defines how big the expected scattering contribution
from the anomalously scattering atoms should be. Additionally NANOMALOUS defines the
maximum number of sites for the anomal ously-scattering atoms (unless the keyword NSOLSITE
Is set, in which case the NSOLSITE valueis used).

. NSOLSITE and NSOLSITE_DERIV. These keywords define the maximum number of heavy
atom sites either for the dataset as a whole (NSOLSITE) or for a particular derivative
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(NSOLSITE_DERIV). You can use them to control how much time SOLVE will spend in
various derivatives.

INANO. This keyword tells SOLVE to use anomalous differences for a derivative. If you leave it
off it will not include them for MIR data. (For MAD data SOLV E will include anomalous
differences unless you tell it not to with noinano).

NOANOREFINE. This keyword tells SOLVE that even if INANO is specified for a particular
derivative, the anomalous differences will not be used in heavy atom refinement. Thisisthe
default for MIR data and should be used for MIR or MAD dataif the anomalous data are much
weaker than isomorphous differences.

ACCEPTANCE. This keyword tells solve how weak a site can be but still get accepted. Sites that
have occupancies of about ACCEPTANCE times the average for other sites are typically
accepted (but thisis not asimple cutoff, it is a parameter in the overall scoring procedure). If you
are not getting as many sites as you would like, try lowering the value of ACCEPTANCE (default
=0.2).

NSEEDSOLVE. This keyword tells solve how many seedsto try (default=5). If SOLVE isn't
finding anything, you could try more.

NTOPSOLVE. This keyword tells SOLVE how many solutions to keep track of at any onetime.
If SOLVE isn't finding anything, you could increase it (default=5). Note that thiswill slow things
down alot if you increase it by much.

ICRMAX. Thiskeyword tells solve how many peaks in the Patterson function to try as potential
cross-vectors in a 2-site search. Try increasing it from 30 to a higher number.
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#/bin/ksh
#
# bayesdiff -- does Bayesian differencing on two CNS output files
and writes the output to athird CNSinput file.
The CNS output files should be written in the order
FOBS SIGMA FCALC TEST
where FCALC is complex (default for CNS).
The output of this script (and the input to the next
round of CNS) will be named bayesdiff.hkl unless you
specify otherwise. The output defines the following
columns of "mutant” data that you should read in to CNS
and use:
FOBS SIGMA WEIGHT TEST
A log of the SOLVE run called bayesdiff.log will also
be created.

Usage: bayesdiff ../wt/wildtype.hkl ../mut/mutant.hkl [output.hkl]

Author: JB 25 Sep 99

HFHHFHFTHFHFHFHHFHFEHTEHHEH

#

# Check arguments

#

if [[ $#<2]]; then
echo "Usage: bayesdiff ../wt/wildtype.hkl ../mut/mutant.hkl [output.hkl]"
exit 0

fi

if [-r$1] ; then
wifile=$1

else
echo "Can't read wild-type input file $1"
exit 0

fi

if [-r$2] ; then
intfile=$2

else
echo "Can't read mutant input file $2"
echo "Can't read mutant input file $2"
exit 0

fi

outfile=${ 3:-bayesdiff.hkl}

file:///CJ/Documents¥%20and%20Settings/terwill/Desktop/html_081005/html/html_solve/manual /bayesdiff.ksh (1 of 4)8/10/2005 3:47:47 PM



file:///CJ/Documents¥20and%20Settings/terwill/Desktop/html_081005/html/html_solve/manual /bayesdiff.ksh

#

# strip header lines at top and get rid of non-numeric parts of

# CNSfile beforereadingitin

#

nskip=7 # number of linesto skip at the top of thefile

tail +$nskip $wtfile|tr -d '[=][:apha]’| tr -s [:blank:]' [:blank:]" > wtin.dat
tail +$nskip $intfile|tr -d [=][:apha]’| tr -s'[:blank:]" [:blank:]’ > intin.dat

#

#file up SOLVE, setting it to overwrite any output files that may exist
# from previous rounds

#

CCP4_OPEN=unknown; /usr/local/bin/solve <<EOF

logfile bayesdiff.log

SYMFILE /usr/local/lib/solve/p63.sym

CELL 61.08 61.08 110.40 90.0 90.0 120.0
RESOLUTION 20.0 2.25

IMPORT
wtin.dat
2,

wt.drg
conversion of ground-state data
5

Fobs
Sigma
Fcac

Phi

Rtest

1.0,

MK S

IMPORT

intin.dat

2,

int.drg

conversion of intermediate datafrom X-PLOR
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5
Fobs
Sigma
Fcalc
Phi
Rtest
1.0,

M o

FILEMERGE
2

wt.drg

int.drg
combined.drg
ground state and intermediate data merged into samefile
1

1,3

2

1,3

2

55

0

infile combined.drg
outfile tmpout.dat
ncolfowt 1
ncolswt 2

ncolfc 3
ncolfomut 4
ncolsmut 5
ncolfcmut 6
ncolrtest 7

fdiff

EOF

#

# fix up header of output file for CNS
#
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set -A nreflection “wc -I tmpout.dat”

echo " NREFlection= $nreflection">%outfile

cat <<EOF >>$ouitfile

ANOMalous=FAL Se{ equiv. to HERMitian=TRUE}

DECLare NAME=FOBS DOMAIn=RECIprocal TYPE=REAL END

DECLare NAME=SIGMA DOMAIN=RECIprocal TYPE=REAL END

DECLare NAME=WEIGHT DOMAIn=RECIprocal TYPE=REAL END

DECLare NAME=TEST DOMAIN=RECIprocal TYPE=INTE END
EOF

cat tmpout.dat >>$outfile
rm -f wt.dat *.drg tmpout.dat intin.dat wtin.dat

# END OF bayesdiff.ksh
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