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Data collection, data processing and scaling

(1) relationship of Mosflm  to CCP4
(2) some thoughts on data collection
(3) simple processing with Mosflm
(4) improving data collection with Mosflm
(5) simple processing with SCALA (using ccp4i)

Harry Powell, San Antonio, May 25th 2002

The scope of this talk is to cover the relationship of Mosflm  to CCP4, simple
processing of oscillation images with Mosflm  using the Graphical User
Interface (GUI), then to show how data collection itself can be improved by
use of the STRATEGY option. Following this, use of command-line controls
will be demonstrated, and the differences between the two modes of running
Mosflm  discussed. Finally, straightforward  scaling and merging with SCALA
will be dealt with, via the ccp4i GUI.

Mosflm  is available free of charge to the end user; it has all necessary
functionality to process diffraction images obtained on a wide variety of
different detectors, and runs on all common UNIX-based computers used in
crystallographic laboratories. A version which will run under Windows is
currently under development.

The primary source of information about the program is

http://www. mrc -lmb .cam.ac. uk /harry/ mosflm

Advice can be obtained from the programÕs authors;

andrew @mrc-lmb .cam.ac. uk

harry@ mrc -lmb .cam.ac. uk
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Mosflm  is distributed with the CCP4 suite; it writes its reflection data directly
to an MTZ file, which is the binary data format used by CCP4 programs. The
data within these files are  organized so that they can be used efficiently by the
programs; it is possible to view the contents of the MTZ file conveniently by
using the command-line program MTZDUMP or by using the ccp4i GUI.

The ccp4i GUI is supplied with a set of ÒroadmapsÓ which are designed to help
the user navigate their way around tasks using the CCP4 suite. This example
also shows how to import data which has been processed with some other
integration programs. The important part of this slide, however is highlighted
on the right-hand side!
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* Number of  Datasets  =   1
 
 * Dataset  ID, project/c rystal name,  dataset  name, cell dimensi ons, wavelength:
 
        1  lys_fine /
          02_05 _02:13:53:50
             78 .1485   78.1485   3 7.0149   90.0000   90.0000   90.0000
             1. 54180
 
 * Number of Co lumns =  16
 
 * Number of Re flections =  13368
 
 * Missing valu e set to NaN  in input  mtz  file
 
 * Number of Ba tches =  50
 
 * HISTORY for current MTZ file :
 
  From MOSFLM r un on  2/ 5/02
 
 <snip>

 *  Resolution Range :
 
      0.00089     0.17159      (   33.520 -     2.414 A )
 
 * There is no sort order recorded in the MTZ header
 
 * Space group = P43212  (number    96)

This is an edited example of the header information contained in a typical
multi-record MTZ file output from Mosflm ; it has been processed from a
single dataset (following scaling and merging with e.g. heavy atom derivatives
an MTZ file can contain multiple dataset information). By default, if no values
are supplied by the user, the Project name is set to the image filename stem,
and the Dataset name is set to the date (UK style!) and time of processing. The
refined cell dimensions and the wavelength used in processing are also
recorded, as are the total number of reflections integrated and the number of
images processed. The resolution range of the reflections in the file and the
space group used are also recorded. There are 16 columns of reflection in this
MTZ file;
H K L  indices of the reflection
M/ISYM combined flag for full/partial and symmetry operator code
BATCH which image the reflection is on
I SIGI  intensity and sigma(I) (summation integration)
IPR SIGIPR  profile fitted intensity and sigma(I)
FRACTIONCALC calculated fraction of the reflection on this image
XDET YDET detector coordinates (pixels)
ROT WIDTH phi centroid and angular width of the reflection
LP Lorentz and polarization factor
MPART partiality flag
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The X-ray Experiment

crystal

X-rays

images

integrate

scale

phase

Mosflm

SCALA

The X-ray diffraction experiment fits into the middle of this sequence (which
extends beyond the top left to the protein (or other molecule) and the
organism, and beyond the bottom right to building, refinement, interpretation,
etc. Integration and scaling are the part of the X-ray experiment which turn the
raw data from the images into a more useful form for the subsequent steps.

Mosflm  integrates the images and writes the Lorentz and polarization
corrected intensities to a multi-record MTZ file.

Each image in a dataset probably has its recorded intensities on a different
scale for a variety of reasons, e.g. variation in intensity of the incident
radiation, absorption of diffracted rays, change in the diffracting volume, etc.
In the process of merging symmetry equivalent reflections from different
images, we need to take this into account and apply scales accordingly. This
process is performed by SCALA.
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Optimization of Data Collection

Pre-process at least one image (preferably two at 90¼ to
each other) to obtain:

¥Cell parameters, crystal orientation and putative Laue
group

¥Estimate of mosaicity
¥Effective resolution limit
¥Crystal to detector distance
¥Exposure time
¥Strategy for data collection

Remember! This is the last experimental stage - if you
collect bad data now you are stuck with it. No data
processing program can rescue the irredeemable!

It is always worthwhile spending some time prior to the full data collection to
determine sensible parameters for the data collection. For example;

¥ are you using the full area of the detector?

¥ does useful diffraction go beyond the edge of the detector? Does it stop
halfway to the edge?

¥ check for overloads - are there a lot? Are you using the full dynamic range of
the detector? Consider a low and a high-resolution pass. Increase or decrease
the exposure time.

¥ check that the predicted spots do coincide with their positions on the
image(s); is your initial estimate of the mosaicity realistic?

Remember to use prior information! If you have experience of your particular
sample or experimental setup, use your knowledge. If something looks odd,
investigate it.
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What is needed prior to running Mosflm ?

¥X-ray images
¥Experimental details (e.g. detector type, direct beam
position, wavelength, etc)

¥The program itself and a computer to run it on!

Before running Mosflm , the user needs to have access to oscillation images
and a copy of the program which will run on their computer. Pre-compiled
binaries which will run Òout-of-the-boxÓ are available from our web- and ftp
sites, and a Òbuild-it-yourselfÓ version is also available. Full installation details
are included with the downloads.

The computer itself must be UNIX based (but a version of Mosflm  which will
run under Windows is under development) and have at least 32Mb RAM and
128 Mb swap space available. A screen resolution of 1280 x 1024 pixels is
useful (otherwise a small-screen version can be used).

Many experimental details are written to image headers, and Mosflm  can read
and use this information. All values supplied in the headers can be over-ridden
by the user  during processing. Further, Mosflm  will determine suitable
processing parameters based on analysis of the images during the processing
itself, e.g. integration box dimensions.
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[localhost :~/test/muldlx 1] harry% ls  *mar2000
muldlx1_301.mar 2000    muldlx1_307 .mar2000    muldlx1 _313.mar2000    mul dlx1_319.mar2000
muldlx1_302.mar 2000    muldlx1_308 .mar2000    muldlx1 _314.mar2000    mul dlx1_320.mar2000
muldlx1_303.mar 2000    muldlx1_309 .mar2000    muldlx1 _315.mar2000    mul dlx1_321.mar2000
muldlx1_304.mar 2000    muldlx1_310 .mar2000    muldlx1 _316.mar2000    mul dlx1_322.mar2000
muldlx1_305.mar 2000    muldlx1_311 .mar2000    muldlx1 _317.mar2000
muldlx1_306.mar 2000    muldlx1_312 .mar2000    muldlx1 _318.mar2000
[localhost :~/test/muldlx 1] harry% ipmosflm

 ************  Version 6. 2.1 for Image plate and CCD data 23 Apr il 2002  ********** *
 A.G.W. Leslie, MRC Laboratory Of Molecular Biology, HILLS ROAD, CAMBRID GE CB2 2QH, UK
 E-mail  andrew@ mrc-lmb.cam.ac. uk
 New auto-index ing using DPS due t o Ingo Steller  Robert  Bolotovsky  and Michael  Rossmann
 (1998) J.  Appl . Cryst. 30, 1036-1 040
 Original auto- indexing using REFI X due to Wolfgang  Kabsch  (Kabsch ,W. (1993),
J.Appl .Cryst. 24,795-800 .)
 X-windows inte rface using  xdl_view due to J ohn Campbell ( Daresbury  Laboratory, UK .)
 (Campbell,J.W. (1995) J.  Appl. Cryst . 28, 236-242.

 MOSFLM => imag e muldlx1_301.mar20 00
 MOSFLM => go

  (Q)QOPEN: fil e opened on unit  1      Status: READO NLY
<B><FONT COLOR="#FF0000"><!--SUMMA RY_BEGIN-->
 Logical Name: muldlx1_301.mar2000      Filename: mul dlx1_301.mar2000
<!--SUMMARY_END--></FONT></B>

 Crystal to det ector distance of  250.00mm taken from image header

 Wavelength of 1.54180A taken from image header

To run Mosflm , you need to have the program in your path and you need to
know what itÕs called on your system - often itÕs Òipmosflm Ó.

If you run Mosflm  and encounter difficulties and need help, make sure that
you report which version of the program you are running - this is the first line
of output to the screen, and also the first line in the standard log file, usually
called mosflm .lp .

In this example, using a Mar image plate, the detector type is automatically
detected so no DETECTOR keyword is necessary. For other detector types (e.g.
ADSC, Rigaku, DIP, Mar CCD), default values are set up by using this
keyword in conjunction with the detector type.

The GO keyword in conjunction with IMAGE tells the program to use the X-
windows GUI for further processing.

The header information is read; in this case the crystal to detector distance, the
wavelength, the pixel size of the detector, and the oscillation range of this
image.
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 Crystal to det ector distance of  250.00mm taken from image header

 Wavelength of 1.54180A taken from image header

 Pixel size of 0.1500mm taken from image header.

 Start and end phi values for imag e  1 from image hea der are   279.00 an d  280.00 degrees.
 image FILENAME : muldlx1_301.mar20 00

  (Q)QOPEN: fil e opened on unit  1      Status: READO NLY
<B><FONT COLOR="#FF0000"><!--SUMMA RY_BEGIN-->
 Logical Name: muldlx1_301.mar2000      Filename: mul dlx1_301.mar2000
<!--SUMMARY_END--></FONT></B>

 The red circle denotes the region behind the backsto p shadow
 (Use BACKSTOP keyword to set this .)

Once the header information has been read and appropriate parameters set up,
the image file is opened a second time and the image data read. Following this,
the X-window GUI is  displayed on the screen and further processing can be
performed.

Mosflm  checks to see whether the image is the right size for the named
detector, and also whether the data has been written on a big-endian or little-
endian computer. For several detector makes, the model is also determined
automatically from the image file contents.
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The GUI display is divided into several areas; when the mouse cursor is over
any field that can be changed or is associated with an action, that field changes
colour to light blue. The green box at the top left of several of the fields
indicates that those parts of the display are active and ready for input.

In the ÒProcessing params Ó area (on the left) clicking on a field allows
the user to type in new values using the keyboard. The fields are also kept up-
to-date if the parameter is updated during processing (e.g. crystal mis-setting
angles).

The ÒMain menu Ó consists of buttons with actions which are reasonably self-
explanatory.

The ÒOutput Ó area reflects values associated with the image displayed and
mouse actions on the image, e.g. start and end phi values for the image or the
resolution of a pixel at the cursor position.

The image display can be modified with the controls at the top right; also
included is a button to allow the current view to be saved as a PostScript file
for printing.

A field at the bottom of the display gives information which may be useful at
different times in the processing, and a pop-up display informs the user
whether the program is processing or waiting for an input.
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When an action on the Main menu is performed, it is often followed by a pop-
up dialogue window appearing;  there is useful text here, usually with a
number of questions that require answers. In most cases, a suitable default
answer is given, and this will be used simply by pressing the <Return>  key.

In the case shown, the ÒFind spots Ó button has been pressed. The
information here is most useful if autoindexing has failed on a previous run, as
it gives suggestions as to the parameters which can be changed to improve the
spot list.

Note also the rectangular red box which appears on the image; this is used to
determine the radial background, used in discriminating spots from
background at different detector radii.

The following image has been indexed and its mosaicity estimated. The
predicted spot positions have been displayed and categorized (blue = fulls,
yellow = partials, red = overlaps and green = too wide in phi (i.e. they cannot
completely traverse the Ewald sphere with this cell and mosaicity) .
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A minimal sequence of commands to process a dataset would be as follows;

¥  Autoindex  the image (if no spots have already been found, then the
program will do this first).

¥  Estimate Mosaicity : this gives a working value for the mosaicity; it
is reliable for images provided there is little thermal diffuse scattering.

¥  Predict : overlays the predicted spot positions with boxes; always check
that the cell and mosaicity found in the previous two steps match the image!

¥  Beam/backstop : use this to eliminate the area in the backstop shadow
from integration.

¥  Integrate : run an integration on a single image to check on the effective
resolution of the data.

¥  Refine cell : get the best possible fit of calculated to observed spot
positions before integrating.

   It is normal at this point in the process to close down the GUI and complete
processing from the command line or from a command file because these
routes are much faster than using the GUI. Mosflm  prompts the user to save
the current parameters in a file, which can be used in a separate run of
Mosflm .

¥  Integrate : integrate the whole dataset.
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The first step in processing any dataset is to index the images, usually by
autoindexing. Mosflm  has two autoindexing routines available; the new-style
routine uses FFTs, and is used by default as it is very reliable. The indexing
can be performed with spots obtained on either a single image or from several.

Fixing the detector distance for this stage is highly recommended. The
program prompts for a filename for storing the final orientation matrix (which
can be read using the command ÒMATRIX <filena me>Ó; a maximum
likely cell edge is required by the FFT indexing, but the program makes an
estimate based on the inter-spot separation, the crystal to detector distance and
the wavelength of radiation. Pre-refining before choosing a solution can be
helpful in discriminating good high symmetry solutions. The penalties are
based on the goodness-of-fit of the 44 lattice characters to the primitive
triclinic solution, and are normalised to give a maximum penalty of 999.

Solutions with a penalty less than 200 are presented in a new pop-up window.
As a rule of thumb, if nothing is known about the crystal, choose an initial
solution in this way;

¥ note where there is a sharp drop in the penalty - in this case, after solution
#10.

¥ pick the solution with the highest symmetry with a penalty lower than the
sharp drop - in this case, solution #10, which is either trigonal or hexagonal.
The list of space groups is simply a reminder of the possible choice available;
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no systematic absences other than those from the Bravais lattice are excluded
in processing (e.g. all those absences due to screw axes are included in the
results).

It should be stressed at this stage that the penalties are calculated only on the
metric symmetry of the cell; it is perfectly possible (and indeed relatively
common!) to have a monoclinic cell with b » 90.00¼ (and thus appear to be
orthorhombic), or an orthorhombic cell with a » b (and appear to be
tetragonal). It is only possible to be reasonably certain about the true crystal
symmetry after merging equivalents and examining the statistics.

Tell Mosflm  which solution you have chosen by typing the solution number
and space group - prior knowledge has been applied here as the crystal is
known to be P64.

Mosflm  then refines the solution and applies suitable symmetry - here,
forcing a = b, and a = b = 90¼, g = 120¼. The final SD in spot positions for
good spots on an accurately aligned detector should be ~0.5 - 1.0x the pixel
size (0.15mm for Mar IP), and around 0.25 - 0.5x the oscillation angle (in this
case 1.0¼).

The main beam position is refined simultaneously; it should not change by
more than a few pixels, and in any case should be known to within 0.5x the
minimum spot separation for the expected unit cell, wavelength and distance.
Shifts larger than this are commented on in the output!

At each stage the user has the choice of accepting or rejecting the Mosflm Õs
suggestion. Usually, it is best to accept unless there is contradictory prior
knowledge.

Following the autoindexing step, estimate the mosaicity (either by eye/trial
and error, or using the built-in function), and run a spot prediction. The
coloured boxes should coincide with the observed spots on the image.

Autoindexing can often be improved considerably by using two images 90¼
apart.



14

Mosflm  uses the technique of post-refinement to determine accurate cell
parameters before the full integration, so the unit cell dimensions should not be
refined during integration (as is the case with some other integration
programs!). Post-refinement uses the phi centroids of reflections which are
spread across adjacent images to refine the cell parameters, crystal mis-setting
angles and mosaic spread independently of  camera parameters (e.g. crystal to
detector distance, yscale and tilt and twist of the detector).

Therefore post-refinement requires at least two adjacent images (if the average
mosaicity £ twice the oscillation angle for each image) with a sufficiently
large number of completely recorded partials for good statistics. If the
mosaicity is larger, then more adjacent images are needed.

For crystal systems with orthorhombic or lower symmetry, two segments of
data separated by ~90¼ should be used.
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Note that the ÒMain menuÓ changes when we are running post-refinement; this
also happens when we integrate with the GUI.

Clicking on the ÒContinueÓ button lets Mosflm  proceed stepwise through the
refinement. ItÕs worthwhile stepping slowly for the first few steps, but once
you are satisfied things are proceeding well, click on the ÒTimeout modeÓ
button (bottom left of the GUI) and Mosflm  will stop Òwaiting for inputÓ.

A pop-up window shows an ASCII representation of the average spot profile
with figures for the RMS residual (which should be < half the pixel size) and
the weighted residual (~1.0).

When post-refinement has finished, the ÒMain menuÓ changes back to the
initial format.

If the detector parameters have not been defined prior to this stage,
convergence can take several cycles.

Running the integration step via the GUI is done in a broadly similar fashiion.
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Running the STRATEGY option

¥ In the GUI, click on the STRATEGY button
¥ On the command-line, type STRATEGY.
In either case, determining a suitable strategy for data

collection once you have a cell, orientation and crystal
symmetry is straightforward.

¥ Then run TESTGEN to check for overlaps

If you have already collected the dataset then you will have, presumably,
determined a suitable data collection strategy to give you the data that you
need for your experiment. If you are at the data collection stage, on the other
hand, it is important to collect the data in the best possible way. Mosflm  has a
STRATEGY option which calculates strategies for:

¥ optimum unique completeness

¥ optimum anomalous completeness

¥ data with the crystal in this orientation given a previous data collection.

Options are available for dividing up the data collection into multiple
segments (it may be more efficient to collect two smaller segments rather than
one large one) and changing the number of overlapped reflections allowed,
among others.
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If the STRATEGY button is clicked, this window appears containing a
command-line prompt. Just type ÒSTRATEGYÓ at the prompt, then ÒGOÓ. If
you want to calculate a suitable strategy for collecting the maximum available
anomalous completeness (e.g. for a MAD experiment), type ÒSTRATEGY
ANOMALOUSÓ, ÒGOÓ

Mosflm  will determine a strategy based on the current unit cell, given
symmetry and orientation of the crystal. More information can be seen by
typing ÒSTATS Ó; the maximum oscillation angle to avoid overlaps in different
phi ranges can be calculated with the TESTGEN  command.
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Checking the output (1)

There are two useful log files;
¥ SUMMARY; this is of most use when viewed with the CCP4

graph viewer LOGGRAPH, as it contains graphs of
parameters which have varied through the data processing.

¥ mosflm.lp ; this can be very large, and contains a
complete record of the experiment.

 Things to check in SUMMARY

¥ Quickly check through all the graphs to make sure that there are no sharp
discontinuities, and that all the graphs vary smoothly through the data
processing run. Some parameters will not change at all (e.g. cell parameters
should not be refined during the integration run), while others will drift
slightly.

¥ Check carefully that YSCALE is not changing by more than 1 part in 1000.
Likewise, DISTANCE should be constant for a properly centred crystal; a
large random variation in either of these indicates that postrefinement was not
performed correctly - the cell parameters may be wrong, and the machine
parameters may be unreliable. A regular variation (following an approximate
sine curve) in DISTANCE indicates that the crystal is precessing about the true
axis of rotation.

¥ Check the Residual  and Weighted Res idual ; both should remain
roughly constant, but the weighted residual should be ~1.0 for a laboratory
source; values higher than this indicate an incorrect GAIN for the detector,
while smaller values are common for data collected at synchrotrons.

¥ Check the I/sig(I) graphs; is the crystal dying? Does it diffract at the highest
resolution specified in processing?
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These are examples from loggraph  of some of the plots from the SUMMARY
file. The main point to draw from these is that refinement seems stable and no
parameters are swinging from one value to another.

The ÒresidualÓ plot in the center shows the use of the cursor in loggraph  to
pick out a particular value from the graph; in this instance, the RMS residual
for spots on image 316 is 0.07mm (cf pixel size of 0.15mm).

The apparent drift in the missetting angles is probably due to the rotation axis
not being exactly perpendicular to the X-ray beam.
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Things to check in mosflm . lp

Most importantly, check for occurrences of  ÒWARNINGÓ, ÒERRORÓ and
ÒSEVERE ERRORÓ.

¥ ÒWARNINGÓs are there to let you know that the program has detected a
parameter which is not optimal and made an effort (usually successful) to
correct it; you  should not worry unduly about their presence, though it might
be worthwhile checking to see if you can improve the data processing by
taking a more active role.

¥ ÒERRORÓs occur when something has gone wrong in the processing which
the program was unable to correct on its own. By and large these are
problems of omission (e.g. is a file missing?) and can be avoided by taking
careful note of the errors reported and taking action accordingly.

¥ ÒSEVEREÓ, ÒSERIOUSÓ and ÒFATAL Ó ÒERROR Ós cause the program to
terminate. You should take careful note of what has caused the error and take
steps to remedy it if possible. In some cases the only course of action is to
contact the programÕs authors and describe the problem to them.

¥ Having checked for those strings in mosflm .lp , look at the end of the file
for a list of specific warnings about the data processing (look for the string
Ò***  Warning mes sages *** Ó). All these messages (if any) contain
advice about how to improve the data processing; take action accordingly,
but bear in mind that Mosflm  will probably have managed to cope well
with these circumstances and reprocessing may not improve matters much.

¥ Having checked for warnings and errors, you should now check for rejected
spots; if you processed interactively using the GUI, these will have been
brought to your attention during processing, and there is (probably) no need
to check now.

¥ Check the ÒFinal rms  residual Ó throughout mosflm .lp ; for good
data with low TDS on the images, expect it to be around half the pixel size (a
little more for a lab source, often less for synchrotron data); this is a
reasonably good indication that all parameters have been well determined
and the spot positions have been predicted well.

¥ If the rms residual becomes high, first check that the ÒTotal number Ó of
reflections used in postrefinement has not dropped suddenly; it should rise
through the first few images of data processing before becoming more-or-
less stable.

Finally, check that I/sig(I) is significant in the high resolution shells  (i.e. at
least unity) and that the crystal was still diffracting at the end of the
experiment (i.e. in the last image).
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Checking the output (2)

If everything has gone right so far;

¥ check the MTZ file; is it as youÕd expect?

 Things to check in the MTZ file

¥ The main thing is to make sure that it contains the right number of batches
(one for each image)? Also (especially if they have been entered via the
keyboard rather than from a command file!) check that the experimental
details in the MTZ file are correct - wavelength, resolution limits, space group,
etc.

While it is possible to check other items in the MTZ file produced by Mosflm ,
it is probably more useful at this stage to wait until after running SCALA, when
full statistics on the data processing will be available.
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Command-line processing

Most commands in the GUI are available from the command-
line; e.g. for the test images, the following could be done:

# d ete ctor mar           ! n ot necessa ry her e!
templa te m uld lx1 _###. pck
beam  149. 79 150.87
aut oin dex dps image 301
mosaic est ima te
go
pos tre f segment 1
pro ces s 30 1 3 03
go
pos tre f no segment fi x a ll
pro ces s 30 1 3 22
go
exi t

 Use of the GUI allows the user to check easily how well processing is
proceeding; e.g. spot predictions can be compared with the image. However,
the speed of processing can be improved greatly if Mosflm  is run from the
command-line instead. The only procedures unavailable are those associated
with visual representation, so if the user is confident about checking the
quality of processing by inspection of the log files, this can be a way to
improve efficiency.

All the commands can be edited into a command file which the program can
then use with the Ò@command-fil eÓ syntax. Note, however, that Mosflm
will stop processing from a command file read in this way following the
completion of any ÒPROCESSÓ command, and wait for further instructions.

Another  option is to use the UNIX redirection command with a command file;

[localhost:~/test/muldlx1] harry% ipmosflm < command-file

in this case all the commands in the file will be processed, provided there are
no errors.
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Scaling with SCALA in ccp4i

Scaling and merging the data is the next step following
integration. It is important because:

¥ it attempts to put all observations on a common scale
¥ it provides the main diagnostics of data quality and whether
the data collection is satisfactory

Because of this diagnostic role, it is important that data are
scaled as soon as possible after collection, or during
collection, preferably while the crystal is still on the camera.

Various physical factors lead to observed intensities being on different scales.
among these factors are those related to:

¥ the incident beam and the camera

e.g. variations in beam intensity at a synchrotron, illuminated volume of the
crystal, variations in rotation speed and shutter synchronisation (these latter are
disastrous!).

¥ the crystal and the diffracted beam

e.g. absorption, radiation damage

¥ the detector

e.g. incorrect calibration, shadows from beamstop etc.

Scaling models should (if possible) parameterise the experiment so different
experiments may require different models. Scales are determined by
comparison of symmetry-related reflections, i.e. by adjusting scale factors to
get the best internal consistency of intensities. Note that we do not know the
true intensities and an internally-consistent dataset is not necessarily correct.
Systematic errors will remain despite scaling.

The diagnostics will be dealt with later.
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Running SCALA from ccp4i is very simple, as most parameters have been
given sensible default values.

It is probably worthwhile altering two of the defaults:

¥ Change the scaling model from ÒOn rotation axisÓ to ÒOn rotation axis with
secondary beam correctionÓ; the surface plot provided with this latter option
provides a useful check for strong absorption.

¥ Change the default rotation interval from 10 to 5 degrees, particularly if you
have a large unit cell with plenty of data to scale.

It is worthwhile separating the anomalous pairs if performing a MAD
experiment or similar.
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Checking the output of SCALA

Check these files/plots:
¥ ROGUES
¥ Normal probability plot(s)
¥ Surface plot
¥ SCALA log file
¥ loggraph output

ItÕs probably easiest to check through the different log files produced by
SCALA with the ccp4i GUI.

¥ The ROGUES file contains a list of the reflections which have been rejected
because the symmetry equivalents differ considerably, and also those
reflections with Emin too large. It is probably worthwhile trying to work out
why the reflections are there! A common reason is that one equivalent is partly
hidden behind the backstop arm, so has an anomalously low intensity.

¥  The Normal Probability Plot is useful for determining if the data have a
reasonable distribution of intensities; the bulk of the points should lie on the
diagonal with slope = 1, for both fully recorded reflections and partials. If
there is considerable thermal diffuse scattering, the ÒpartialsÓ graph will be
well above that of the ÒfullsÓ, indicating a negative partial bias. This may be
addressed by using the ÒTAILS Ó option, which makes a reasonable attempt to
correct for this effect.

¥ The Surface Plot (produced only when a secondary beam correction is
applied) is useful for determining whether or not an absorption correction is
necessary; large deviations from the flat graph indicate that this might be so.

¥ The full SCALA log file, much like the mosflm .lp  file, probably contains
more information than will be used. Most people will be interested in Rmeas
(i.e. multiplicity weighted Rmerg), completeness and resolution figures, but
itÕs well worthwhile spending more than a couple of minutes checking the file.
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In particular, check that the scale factors are similar, especially if an
absorption correction has not been performed. If there are discontinuities, then
BATCH scaling is appropriate, rather than SMOOTH scaling.

¥ Use the ccp4i utility loggraph to check through the plots; look for smooth
variations in the graphs. Unexpected discontinuities can mean trouble!

Some plots (e.g. those for Scales vs rotation range, and Analysis against
Batch) should be both flat and smooth. Others will have a systematic variation,
e.g. the analyses against resolution.

Several plots would be expected to be discontinuous, e.g. an axial reflection
plot for a screw axis, or the plot of number rejected vs range.

If discontinuities are apparent where they are not expected, then it makes good
sense to break the scaling into different runs; trying to merge batches of
images together which are clearly not on the same scale is inviting trouble!
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This is the normal probability plot produced by the current dataset when the
ÒTailsÓ correction has been applied (compare with that on the previous slide).
The negative partial bias produced by the TDS has been corrected for and the
two plots (for fulls and partials) coincide.


