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X-ray crystallography is a dominant technique used in determination
of the three-dimensional structures of macromolecules. It is the most
successful when applied on the third-generation synchrotron sources
that allow rapid collection of X-ray data from macromolecular single
crystals.

At present there are over 100 synchrotron radiation facilities all over
the world and most of them have, usually more than one, dedicated
line suitable for X-ray macromolecular diffraction experiments. Re-
cently often they provide full automatic remote access [1,2,3]. In
rough estimate, synchrotron stations are capable of producing more
than 500,000 data sets per year. Comparing that with the number of
structures deposited every year in PDB database (~5000 last ten
years average, ~8000 in last year) we can estimate that about 60 data
sets are needed per one successful PDB deposit [4,5,6].

There are many reasons for this situation, including but not limited
to, poor or unsatisfactory data quality, problems with automatic/
semi-automatic processing and indexing of raw diffraction images or
difficulty with structure solving, model building and refinement.

Besides the crystal preparation the first and crucial step in the pro-
cess of protein structure determination is a proper processing of the
collected diffraction images, as they provide the observations which
are used throughout the process of structure solution and refinement.
The analysis and reduction of single-crystal diffraction data (data
processing) consists of several steps like indexing of the diffraction
pattern, refinement of the crystal and detector parameters, integra-
tion, scaling and statistical analysis of the measurements. Each of
this steps can introduce some errors, dependent on data quality and
also on algorithm used during the particular task.

After evaluation and refinement of sample's unit cell and crystal ori-
entation, the intensities for the Bragg spots can be determined. Al-
gorithmically it is a very complex task but the most important during
whole diffraction data processing. The ultimate result of the pro-
cessing is a list of reflections which appear on images with their
Miller indices (4kl), estimated intensities, and standard deviations.

To analyze single-crystal diffraction data, several computer pro-
grams have been developed. To the group of the most popular and
used programs belongs: HKL2000 [7], MOSFLM [8], D*TREK [9]
and XDS package [10]. First three of them have dedicated Graphical
User Interface (GUI) while XDS most often is used as a command
line application with very good default parameters in template input
file. MOSFLM has the most expanded GUI but all interfaces are to
similar extend intuitive and provide reasonable starting values for
the parameters essential in the data processing. To find out the ad-
vantages and disadvantages of data processing programs, ten very
different data sets, including diffraction data from DNA/RNA [Fig.

1] and protein crystals were tested.

Figure 1. 4 macromolecular diffraction pattern for a strongly dif-
fracting crystal of Z-DNA collected atAdvanced Photon Source
(APS), Argonne — beamline 24-ID-C, detector ADSC Q315.The max-
imum resolution at the edge of the detector is 0.54A.

Three of the data sets used during this study derive from macro-
molecular crystals which structures has been previously solved and
refined. Originally two of them with extremely high resolution —
0.55A and 0.75A respectively, were processed by HKL2000. Repro-
cessing using XDS package gave, in both cases, higher resolution
(0.54A and 0.74A), similar statistics and significantly larger number
of reflections. The MOSFLM and D*TREK gave slightly worse res-
ults, rather similar to HKL.2000. Visual inspection of the diffraction
images of the third data set indicated an evident twinning of the
crystal used during data collection [Fig. 2]. All software packages
are able to process diffraction images originated from twinned crys-
tals, but after several trials of reprocessing, it turned out that manual
separation of not indexed and indexed spots in XDS seems to be
fast, easy and the most efficient way to treat not complex twinning.
Using this method, after processing the diffraction data of the next
crystal, two sets of reflections (from two different lattices existing in
the crystal) were obtained with completeness above 96% and good
statistics. It means that in one data set are included two different
structures of two forms of protein.

Processing the remaining data sets reveals that XDS package with
manually edited input file result in very good integrated intensities
with the highest resolution and good statistical parameters. The XDS
and MOSFLM are much more sensitive than other to the precise val-
ues of the direct-beam position while HKL2000 and XDS have
somewhat more powerful autoindexing procedure and with default
input parameters, they seem to give better merging statistics. The
strength of XDS is in its ability to process data using all resources of
the computer. Parallel XDS version (xds_par) uses OpenMP for exe-
cution by a team of up to 32 threads and relies on a shared memory
multiprocessor platform. All packages can be run from a script,
which makes them more suited for automation.
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Figure 2.Fragment of the diffraction image with predicted reflec-
tions positions superimposed (circles).Not all reflections are pre-
dicted, visiblespot splitting, associated with thetwinning.

It has been found that all the major programs for processing and ana-
lysis of diffraction data give excellent and comparable results with
good quality, mid-range resolution data sets, but their treatment of
very high resolution or imperfect data differs in terms of indexing,
spot integration, scaling and the treatment of errors. The easy cases
can be processed with any program, but for the difficult ones the
best resolution and statistics were achieved by using the XDS pack-
age.

If diffraction data are of good quality and the problem is relatively
straightforward the automation approach to data processing may be
appropriate. On the other hand, if one is trying to squeeze out as
much information from the experimental data as possible, then only
expert manual processing can be successful, regardless of the data
quality.
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