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XDSGUI is a lightweight graphical user interface (GUI) for the XDS, SHELX
and ARCIMBOLDO program packages that serves both novice and
experienced users in obtaining optimal processing and phasing results for
X-ray, neutron and electron diffraction data. The design of the program enables
data processing and phasing without command line usage, and supports
advanced command flows in a simple user-modifiable and user-extensible way.
The GUI supplies graphical information based on the tabular log output of the
programs, which is more intuitive, comprehensible and efficient than text output
can be.

1. Introduction

The development of the XDS data processing package
(Kabsch, 2010a,b) and the SHELX (Sheldrick, 2008) phasing
programs was started about 40 and 50 years ago, respectively,
at a time when computers were widely available in labora-
tories working in crystallography but graphics terminals were
expensive and scarce. For this reason, the programs were
executed through commands entered in a text-only terminal
and by editing of input files. Their output was and still is
human-readable ASCII files, with additional information,
warnings and errors displayed on the terminal.

ARCIMBOLDO, a program package for fragment-based
phasing through molecular replacement and expansion, was
developed much later (Rodriguez et al., 2009; Millan et al.,
2015). It builds upon the programs SHELXE and Phaser
(McCoy et al., 2007; Oeffner et al., 2018) and its development
was started at a time when a cluster of computers was needed
for running parallel computations.

The benefits of a graphical user interface (GUI) are evident,
and they may be combined with the control and flexibility of
the command line by integrating its functionality within the
interface to mediate efficient use of these computational
program packages. Here we describe XDSGUI, a Qt-based
graphical interface which allows users to analyze data sets and
solve structures by running the programs without having to
use the command line in a terminal window. Since XDSGUI
provides suitable defaults wherever possible but makes all
features available, setting up the computational programs
requires only minimal user input, while maximizing control
and customizability. The computational programs can be
started by a mouse click and their output is automatically
displayed in graphical form. XDSGUI thus eases and speeds
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up the assessment of data and models, and the detection of
errors and problems during structure solution.

For XDS data processing, a GUI is implemented in e.g.
XDSAPP (Sparta et al, 2016; current version at https://
www.helmholtz-berlin.de/xdsapp) with an emphasis on auto-
mation. For SHELX phasing, the first graphical interface, still
available, was HKL2MAP (Pape & Schneider, 2004). A
sophisticated and thorough exploration of parameter space is
available through SHELIXIR (Kolenko et al, 2021). The
CCP4 (Winn et al., 2011; Agirre et al., 2023) interfaces CCP4i
(Potterton et al., 2003), CCP4i2 (Potterton et al., 2018),
CCP4Cloud (Krissinel et al., 2022) and CCP4 Online (Kris-
sinel et al., 2018) integrate SHELX and ARCIMBOLDO, also
maximizing automation of operation.

Automation is particularly useful for good data sets,
whereas the interactivity of XDSGUI is an advantage for poor
or difficult data sets, since alternative processing and phasing
regimes can be easily explored.

The purpose of this paper is to explain the basic ideas
behind XDSGUI. Detailed documentation can be found
online in the XDSwiki (https:/wiki.uni-konstanz.de/xds/
index.php/XDSGUI). Although XDSGUI facilitates usage of
the computational programs, prior knowledge of them is
advantageous for the successful use of XDSGUI. Worked-out
data processing examples are available at https://wiki.uni-
konstanz.de/xds/index.php/Quality_Control.

2. Materials and methods
2.1. Implementation, availability and installation

XDSGUI is written in C++ using the Qt libraries (https://
www.qt.io/) and QCustomPlot (https://www.qcustomplot.
com/). The scripts that add flexibility to XDSGUI use the
shell, which is typically bash on Linux and zsh on macOS.
The first version of the program, which only supported XDS
data processing, was released in 2013 (https:/www.jiscmail.
ac.uk/cgi-bin/wa-jisc.exe? A2=CCP4BB;124022c¢8.1306);
SHELX and ARCIMBOLDO were integrated in 2018 and
2019, respectively. Program development is ongoing and we
appreciate user feedback.

The source code of XDSGUI is licensed under GNU
General Public License version 3.0 (GPLv3) and available
from https://sourceforge.net/u/joseptrivino/xdsgui/ci/master/
tree/. Besides a C++ compiler, the Qt headers and libraries
must be available for compiling and linking. For non-
commercial use, binaries for Linux/x86_64, macOS/x86_64 and
macOS/arm64 are provided from the XDSwiki web page
https://wiki.uni-konstanz.de/xdswiki/index.php/XDSGUI.
Installation on Linux means copying the binary into a
directory that is in the $PATH of the user, and may
require installing Qt dependency libraries on the user’s
system. On macOS, the program should be installed under
/Applications, as is usual on this operating system, and it
should be linked to /usr/local/bin/xdsgui assuggested
in the Installation article of the XDSwiki (https://wiki.uni-
konstanz.de/xds/index.php/Installation).

Data processing with XDSGUI primarily requires the XDS
program package (https:/xds.mr.mpg.de/). The script
generate_XDS.INP is available from https:/wiki.uni-
konstanz.de/xds/index.php/Generate_XDS.INP for preparing
XDS. INP, the input file for the XDS main program. Addi-
tional features of XDSGUI make use of the programs
XDSCCI2 (Assmann et al., 2016), XDSSTAT (Diederichs,
2006), Coot (Emsley et al, 2010), POINTLESS (Evans, 2011)
and auxiliary programs from the CCP4 suite; these are avail-
able from or linked to the Installation article of the XDSwiki.
Comparison of current and previous versions of CORRECT . LP
in the ‘tools’ tab requires a program to visualize differences
between text files; the name of that program (e.g. xdiff, xxdiff,
tkdiff or vimdiff) may be adjusted according to local avail-
ability in the script box below the button. Phasing with
XDSGUI requires the SHELX and ARCIMBOLDO
programs, which are available standalone or as part of the
CCP4 program suite. ARCIMBOLDO requires Phaser,
available also through CCP4.

Configuration of display fonts, plot sizes, program paths and
libraries required for HDFS data processing takes place in
Menu/Settings on Linux or Menu/Preferences on macOS.

An apparent limitation of XDSGUI is that the names of the
data files, including the path to them, should not embed blank
characters, e.g. as in ‘My USB disk’. This results from the
filename treatment of the computational programs and is not
expected to be changed anytime soon. If the file or directory
names cannot be changed, the workaround is to use Unix
symbolic links.

2.2. Functional description

XDSGUI should ideally be started from a terminal window
to see the output of helper programs (like POINTLESS or
Coot), and possibly error messages from generate_XDS.INP,
XDSSTAT or XDSCCI2. The program may be used for
graphical analysis of any existing files and subdirectories
written by XDS, SHELX and ARCIMBOLDO, or may be
used to create these files.

The main function of XDSGUI is to mediate between
command-line-driven computational programs, reading and
writing ASCII output files, and a user who expects easy
configuration of the computational programs and meaningful
information about processing results. To achieve this, all data
exchange between XDSGUI and the computational programs
is through files, as documented for the respective programs.
This means that XDSGUI is stateless: the information it
displays depends on the data on disk rather than on the
sequence of operations performed. Another benefit is that a
crash of XDSGUI does not compromise the computational
programs, and vice versa.

User interaction, on the other hand, occurs through
XDSGUI buttons labeled e.g. ‘Run XDS’ or ‘Run SHELXC
or, in the case of more complex operations, labeled buttons
that run a script. These scripts are shown as one line of
editable text below the respective buttons, and consist of shell
commands that are separated from each other by semicolons.
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e0e Arm64 XDSGUI 2023-05-31 running in

Projects Frame | XDSINP XYCORR INIT COLSPOT IDXREF DEFPIX INTEGRATE CORRECT tools statistics XDSCONV =~ XSCALE SHELX ARCIMBOLDO

Load I i _ _05_00001.cbf 1 H
generate XDS.INP' Untrusted Quadrilateral (4 clicks) .
- - * Pixel Value:
value=0

x= 2459, y= 432
resolution=0.98

predictions 1° sum
remove bkgnd inverse

revert

g
3

(@)

ece Arm64 XDSGUI 2023-06-31 running in [Users/dikay/projects/test

Projects Frame XDS.INP XYCORR INIT COLSPOT = IDXREF | DEFPIX INTEGRATE CORRECT tools statistics XDSCONV ~ XSCALE = SHELX  ARCIMBOLDO

sorex IDXREF soroeex (VERSION Jan 10, 2022 BUILT=20220820)  8-May-2023 -

INPUT PARAMETER VALUES

NAME_TEMPLATE_OF DATA_FRMES—/Users/dxkay/projects/test/datultest 1_?2??22.h5 GENERIC
STARTING_ANGLE= STARTING_FRAM ) =
NX= 4150 NY= 4371 OXR 0 075000 QY= O. 075000
DIRECTION_OF_DETECTOR_X-AXIS= -1.00000 ©.00000 ©0.00000
DIRECTION_OF_DETECTOR_Y-AXIS= ©0.00000 -1.00000 ©.00000
DETECTOR_DISTANCE=  500.000
ORGX=  2035.20 ORGY=  2145.40
NUMBER OF DETECTOR SEGMENTS 1
SEGMENT= 1 4150 14371 ! x1,x2,y1,y2 (pixel units)
SEGMENT_ORGX= 0.00  SEGMENT_ORGY= 0.
SEGMENT_DISTANCE= 0.00
DIRECTION_OF_SEGMENT_X-AXIS= 1.000000 0.000000 0.000000
DIRECTION_OF_SEGMENT_Y-AXIS= ©.000000 1.000000 0.000000
X-RAY_WAVELENGTH= 1.000030
INCIDENT_BEAM_DIRECTION= ©.000000 0.000000 1.000000
ROTATION_AXIS= -1.000000 ©0.000000 0.000000
OSCILLATION_RANGE= 0.1000
INDEX_MAGNITUDE= 8 INDEX_ERROR=  0.050 INDEX_QUALITY= ©.80
RGRID= ~-1.000E+00 (1/A; <=0 XDS computes a default)
SEPMIN= 4.00 CLUSTER_RADIUS= 2.00
MAXIMUM_ERROR_OF_SPOT_POSITION= 3.0
MAXIMUM_ERROR_OF_SPINDLE_POSITION=
MINIMUM_FRACTION_OF_INDEXED_SPOTS=
TRUSTED_REGION= ©.00 1.20
INCLUDE_RESOLUTION_RANGE= 100.000 0.000
SPACE GROUP AND CELL PARAMETERS ARE UNKNOWN

AUTOINDEXING IS BASED ON 18192 OUT OF 18192 SPOTS
WITHIN THE ALLOWED RESOLUTION RANGES OF THE FOLLOWING DATA IMAGES:
SPOT_RANGE= 800

soex DETERMINATION OF DIFFERENCE VECTOR CLUSTERS FROM 3000 SPOTS sokiors

histogram step size (1/A): given RGRID= -1.0000E+00 used  1.2445E-04

CLUSTER_RADIUS= 2.00 (pixel) == 2.9999E-04 (1/A) == 2.4106E+00 (histogram steps)
SEPMIN= 4.00 (pixel) == 5.9998E-04 (1/A) == 4.8212E+00 (histogram steps)

NUMBER OF DIFFERB‘CE VECTOR CLUSTERS DETERMINED 197

#okpex RESULTS FROM LOCAL INDEXING OF 197 DIFFERENCE VECTOR CLUSTERS socionx
MAXIMUM MAGNITUDE OF INDEX DIFFERENCES ALLOWED 8

MAXIMUM ALLOWED DEVIATION FROM INTEGRAL INDICES 0.050

MIMINUM QUALITY OF INDICES FOR EACH CLUSTER IN A SUBTREE 0.80

NUMBER OF CLUSTER SUBTREES

MERGE_TREE= 0.20

merged subtrees are marked by *

NODES number of nodes belonging to subtree

DIFF_VEC number of difference vectors in subtree

ORIGIN_INDICES fractional indices of tree origin L ‘v
ORIGIN_COORDINATES reciprocal space coordinates of tree origin L] )
LENGTH length of tree origin vector (1/A) Range

« » Start

(b

Figure 1

Input and output of XDS. (a) The ‘Frame’ tab. Shadowed detector areas are masked (red semi-transparent areas) and circles indicate predicted
reflections. (b) The IDXREF’ tab showing, as a projection on the detector, the non-indexed reflections in red and the indexed reflections in black. Ice
rings, not visible in the raw data frames, are clearly seen.
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The scripts are usually short, but in principle they may be
arbitrarily long, and can invoke programs or other scripts. This
allows a productivity enhancement through leveraging of
external programs that are not part of the computational
program packages — these programs become available through
the one-line scripts. Default scripts are provided, and they can
be simply edited by changing or deleting existing commands
and/or inserting new commands.

Editing the scripts constitutes a simple way of customizing
and extending XDSGUI. Some buttons and their associated
one-line scripts are currently unused and could e.g. be used to
run additional software. For example, the empty script asso-
ciated with a default button labeled ‘User-defined command’
could be changed to ‘phenix.xtriage XDS_ASCII.HKL’
in order to run a Phenix (Liebschner et al., 2019) command,
and the label of the button could be changed to ‘Analyze data
with Phenix’. Even better would be ‘xterm -e
"phenix.xtriage XDS_ASCII.HKL;
xtriage.log; cat’; mv -f logfile.log xtriage.
log’, since that would direct the output to a new terminal
window and save it in xtriage.log.

Default (and potentially edited) shell scripts, together with
their button labels, are automatically stored in $HOME / . xds~-
gui, which is the only file that is particular to XDSGUI.

echo wrote

2.3. Overview of graphical elements in XDSGUI

The data representations and operations enabled by
XDSGUI are shown in individual tabs arranged horizontally
along the upper edge of the XDSGUI window. XDSGUI has
the concept of a ‘project folder’, which is the directory that
receives the files of the current data processing and phasing
run; it should be separate from the directory where the raw
data are stored. The project folder is shown in the title bar of
the XDSGUI window and can be changed in the first tab
(labeled ‘Projects’). The project folder contains subdirectories
for SHELX and ARCIMBOLDO, respectively.

The second tab, labeled ‘Frame’ [Fig. 1(a)], serves (i) to load
and visualize a data image from a data directory, with the
possibility of showing predicted spot positions once IDXREF
has succeeded, (ii) to generate, on the basis of the header of
the loaded image, an XDS. INP file suitable for the detector
used, and (iii) to mask untrusted areas of the detector. In
addition, we recently implemented the optional addition of
adjacent fine-sliced frames to ‘Virtual 1-degree frames’ for
visualization, so that users can be reassured that they do not
miss any pathology that only becomes visible at stronger per-
frame exposure.

The next tab is labeled XDS.INP’ and features a simple
editor. It also lets the user start XDS and inspect its terminal
output. The following tabs (‘XYCORR’ for geometric
corrections, ‘INIT” for intial background estimation,
‘COLSPOT’ for spot finding, ‘IDXREF’ for indexing,
‘DEFPIX’ for masking, INTEGRATE’ for integration of
reflections, and ‘CORRECT’ for spacegroup determination
and scaling) are named according to the processing steps of
XDS (Kabsch, 2010a) and display its output files. The

‘COLSPOT’, IDXREF’ [Fig. 1(b)], INTEGRATE’ [Fig. 2(a)]
and ‘CORRECT’ [Fig. 2(b)] tabs additionally present plots of
tabular data. The ensuing ‘tools’ (Fig. 3) and ‘statistics’ (Fig. 4)
tabs give access to other crystallographic programs, visualize
their output and allow optimization of the data.

Rightmost, the tabs XDSCONV’, ‘XSCALE’, ‘SHELX’
and ‘ARCIMBOLDO?’ allow access to the named computa-
tional programs and their input and output.

The user is generally advised to inspect and use the tabs
from left to right, i.e. in the order of their contents being
produced or available. Some tabs are grayed out if the
corresponding data files are not (yet) available. Tabs holding
currently running computations are highlighted in green.

Plots can be resized by clicking and dragging their border
with the mouse, and can be saved as a PDF or PNG image
using a right-click. Clicking on an axis or into the plot and then
scrolling with the middle mouse wheel allows enlarging of that
plot dimension or the entire plot, and click and drag of the plot
moves it on the canvas.

3. Results and discussion
3.1. Usage for XDS data processing

For processing of raw data, the user starts with the choice of
the processing directory (‘Projects’ tab) and then advances to
the ‘Frame’ tab to display a raw data frame that is loaded from
a data directory. Within the ‘Frame’ tab, XDS.INP may be
generated; for this to work, a raw data frame must be
displayed first.

While still in the ‘Frame’ tab [Fig. 1(a)], untrusted (shaded)
areas may be marked with the mouse, which will write the
appropriate lines to XDS . INP; ORGX ORGY may be corrected
if necessary, and the detector areas corresponding to
INCLUDE_RESOLUTION_RANGE, EXCLUDE_RESOLUTION_
RANGE and TRUSTED_REGION may be inspected or adjusted.

The latter operations are interactive in the sense that the
user modifies the values in the ‘XDS.INP’ tab and then checks
the result in the ‘Frame’ tab, and a change in either is mirrored
in the other. In other words, the user moves back and forth
between the ‘Frame’ and the ‘XDS.INP’ tabs.

From the ‘XDS.INP’ tab, other parameters, e.g. SPACE_
GROUP_NUMBER and UNIT_CELL_CONSTANTS, can be
adjusted by the user, and finally XDS may be run by clicking a
button. The XDS log file is then available from the ‘XDS.INP’
tab and its output files are displayed in the next tabs.

The first round of processing produces data and their
visualization in the ‘COLSPOT’, ‘IDXREF’ [Fig. 1(b)],
‘DEFPIX’, ‘INTEGRATE’ [Fig. 2(a)] and ‘CORRECT’
[Fig. 2(b)] tabs. Subsequently, the ‘tools’ tab allows the user to
analyze the processed data with other programs, most notably
POINTLESS for space-group analysis and Coot for visuali-
zation of indexed and non-indexed reflections in reciprocal
space (Fig. 3), which often reveals reasons for failure of
indexing.

The ‘tools’ tab also offers three options that have been
found useful to optimize the data processing results. After
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L N J Arm64 XDSGUI 31 running in

Projects Frame XDS.INP XYCORR INIT COLSPOT IDXREF DEFPIX = INTEGRATE | CORRECT tools statistics XDSCONV  XSCALE SHELX = ARCIMBOLDO

sxnx INTEGRATE wowrr (VERSION Jan 10, 2022 BUILT=20220820) 29-May-2023 Beam divergence
INPUT PARAMETER VALUES
it 0,06
MAXIMUM_NUMBER_OF_PROCESSORS= @ (0: automatic choice of OpenMP threads) 0,056
MAXIMUM_NUMBER_OF_JOBS= @ (@:automatic choice of forked main tasks) 0,052
number of forked INTEGRATE tasks 1 0,048
CLUSTER _} NopEs- 0,044
SECONDS= 004
NAME_TEMPLATE_( OF DA‘I’A FRMES—/Users/dikay/prniects/lDszzs 6mu9/data/w3_05_7?722.cbf CBF 0 250 500 750 1000 1250 1500 1750
DATA_RANGE= Frame number
MAXIMUM_IMAGE_GAP_FOR_ADDING_PARTIALS= 5.0 Mosaicity
NUMBER_OF_IMAGES_IN_CACHE= 26
MINIMUM_VALID_PIXEL_VALUE= ©  OVERLOAD= 990498 0,165
BACKGROUND_PIXEL= _ 6.00 SIGNAL_PIXEL=  3.00 0,15
MAXIMUM_ERROR_OF_SPOT_POSITION= 3.0 0,135
MAXIMUM_ERROR_OF_SPINDLE_POSITION= 2.0 0,12
MINPK= _75.00000 0,105 F
CUT= 2.00 0,09
PROFILE_FITTING= TRUE 3‘%3 E — —_ . - >
SPACE_GROUP_NUMBER= 1 .08 1 1 1
UNIT_CELL_CONSTANTS=  35.31  42.10  48.55 97.740 105.510 113.338 20 800 780 — mmb:'°° 1250 500 750
ROTATION_AXIS= -1.00000 0.00226 0.00140
OSCILLATION_RANGE= 0.200000 DEGREES SCALE
STARTING_ANGLE=-179.800 STARTING_FRAME= 1
X-RAY_WAVELENGTH=  0.97918 ANGSTROM 25
INCIDENT_BEAM_DIRECTION= -0.001081 ©0.002022 1.021260 225
NUMBER OF DETECTOR SEGMENTS 1 2
NX= 2463 NY= 2527 QX= 0.17200 QY= 0.17200 178
ORGX=_ 1237.18 ORGY=  1260.19 5
DETECTOR_DISTANCE=  147.546 ‘25
DIRECTION_OF_DETECTOR X-AXIS=  1.00000  ©.00000  0.00000
DIRECTION_OF_DETECTOR_Y-AXIS=  ©0.00000  1.00000  0.00000 L
SEGMENT= 1 2463 12527 ! x1,x2,y1,y2 (pixel units) 250 599 0 1000 125 1500 7
SEGMENT_ORGX= 0.80  SEGMENT_ORGY= 0.00 Ecame number
SEGMENT_DISTANCE= 0.00 2100 ) i
DIRECTION_OF_SEGMENT_X-AXIS= 1.000000 0.000000 0.000000 \ A, o e
DIRECTION_OF_SEGMENT_Y-AXIS= 0.000000 1.000000 0.000000 780 FL [ — Now
RESOLUTION RANGE RECORDED BY DETECTOR (ANGSTROM)  49.831 0.974 1400 N Mt Aoy A A NEWALD
NUMBER OF TRUSTED DETECTOR PIXELS 5242806 NSTRON
MEAN CONTENTS OF TRUSTED PIXELS IN BACKGROUND TABLE  758.139 1060
MEAN VALUE OF NON-XRAY BACKGROUND (OFFSET)= .00 700
NUMBER OF X-RAY COUNTS EQUIVALENT TO PIXEL comsms IN A DATA IMAGE 360
(PIXEL VALUE - OFFSET)/GAIN ,  WITH GAIN= 0.9
8 . L . . L L
0 250 500 750 1000 1250 1500 1750
Frame number
PROCESSING OF IMAGES 1, s 25 Change of Cell Axes [A]
0,016 L
USING 12 OUT OF 12 PROCESSORS 0,008 A —— Astwt=353] .
0 ——— B start=42.1/|
‘m NEFINTTTON OF SYMROI S ik ‘ % 0,008 C start=48.5}— =
(@)
ece Arm64 XDSGUI running in

Projects Frame XDS.NP XYCORR INIT COLSPOT IDXREF DEFPIX INTEGRATE CORRECT  tools statistics XDSCONV  XSCALE SHELX  ARCIMBOLDO

soreex CORRECT worrx (VERSION Jan 10, 2022 BUILT=20220820) 29-May-2023 I/sigma (unmerged data)

INPUT PARAMETER VALUES

28
SPACE_GROUP_NUMBER= 1 as used in the INTEGRATE step %
UNIT_CELL_CONSTANTS=  35.306  42.099  48.546 97.740 105.510 113.338 as used by INTEGR 16
FRIEDEL'S_LAW=TRUE 2
PROFILE_FITTING= TRUE 8 .+ : L + : . : + : L : N
OVERLOAD= 990498  MINPK= 75.00000  WFACl= 1.0 b s I, m e , r’ > 7 B B
INCLUDE_RESOLUTION_RANGE=  50.000 0.000 S0, T, “O9g 15 "9 69y "Sq, 93, gy "y 2 "7, ‘09 05, "0y,
NAME_TEMPLATE_OF_DATA_FRAMES=/Users/dikay/projects/IDP97228_6mud/data/w3_05_72772.cbf CBF RSO ION RAMOE
DATA_RANGE= 1 1800
ROTATION_AXIS= -0.999996 ©.002264 0.001397 Chir2
OSCILLATION_RANGE= _0.20000!
STARTING_ANGLE= -179.800 STARTING_FRAME= 1 18
X-RAY_WAVELENGTH= 0.979180 165
INCIDENT_BEAM_DIRECTION= -0.001058 ©0.001980 ©.999997 15
FRACTION_OF_POLARIZATION=  ©. 135
POLARIZATION_PLANE_NORMAL= 0.000000 1.000000 0.000000 12 PPN o N
AIR=  0.00032 ‘g’g T
DETECTORSPILATUS : 3, 7, 7, 7, 7, 7, 2, 7, 7 7, 7, 7
SILICON= 3.703301 SENSOR_ TH!(KNESS- 1.000000 ”5.0, "%4 369_9 "-l)) “97 69 “Say I3y Vg9 "y 2 ‘lq, 09 05, ‘05,
NUMBER OF DETECTOR SEGMENTS
NX= 2463 NY= 2527  QX= e 172000 QY= 0.172000 BESOIITION RANGE
ORGX=  1237.18 ORGY=  1260.19 R-FACTOR observed
DETECTOR_DISTANCE=  147.546
DIRECTION_OF_DETECTOR ) 1.00000 0.00000  ©0.00000 %0
DIRECTION_OF_DETECTOR_ 0.00000 1.00000 0.00000 78
BEAM_DIVERGENCE_E.S.D.=  0.039 &0
REFLECTING_RANGE_E.S.D.=  0.066 a5
MINIMUM_ZETA= 0.050 30
MAXIMUM_ERROR_OF_SPOT_POSITION= 3.0 BE
MAXIMUM_ERROR_OF_SPINDLE_POSITION= 2.0 0 b - o . — - T ) - ]"",—’_'
MINIMUM_I/SIGMA= 3.0 50, ° 6, 21y 19, Y6 'S, a3, P33, sy 22 ‘19, o9 ‘05, oy,
REFLECTTONS/CORRECTION_FACTOR= o "%y "G 22 % O T T TS 4 A
SNRC= ©.10 I/sigma for use in s:aling factor determination RESOLUTION RANGE
STRICT_ABSORPTION_CORRECTION=FALSE REJECTED
CORRECTIONS= DECAY MODULATION ABSORPTION
TEST_RESOLUTION_RANGE=  10.000 5.000  MIN_RFL_Rmeas= 50  MAX_FAC_Rmeas= 2.
REFERENCE_DATA_SET= 90
FIT_B~FACTOR_TO_REFERENCE_DATA_SET=FALSE ”
414260 REFLECTIONS ON FILE "INTEGRATE.HKL" gg
CORRUPTED REFLECTION RECORDS (IGNORED) 4
© MATCHING REFLECTIONS SPECIFIED IN FILE "FILTER.HKL" o 5 . ki - s T ks e k
ug xzﬁg};gsngfggtgg ?r; agg::'x’l))z IMAGE RANGE 1... 1800 S0, N9, 2605 15 19 64y Sq, Tag, TRy, 25 T2 7, Tog o5, ‘o5,
99 REFLECTIONS OUTSIDE ACCEPTED RESOLUTION RANGES RFSOIUITION RANGF
OR T0OO CLOSE TO ROTATION AXIS (IGNORED)
414042 REFLECTIONS ACCEPTED COMPLETENESS OF DATA
%
— . . 3 3 : |
g 80
g 70
£ 60
< AUTOMATTC SPACF GROIIP ASSTONMFNT - b § 50 =
5 A
(®)

Figure 2

Input and output of XDS. (a) The INTEGRATE’ tab. Only the upper five out of eight plots are shown. Some instrumental instability is detected as a
discontinuity near frames 180 and 1380 of the ‘SCALE’ plot. (b) The ‘CORRECT"’ tab. Only the upper five out of eight plots are shown. ISa is
represented by the red line in the uppermost plot; a value near 30 in this example indicates a low level of systematic error. The nine different colors, from
blue to red, in the ‘completeness’ and following plots show the variation of the indicator from low resolution to high resolution.
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Projects Frame XDS.NP  XYCORR INIT COLSPOT  IDXREF = DEFPIX INTEGRATE CORRECT  tools

statistics  XDSCONV XSCALE  SHELX = ARCIMBOLDO

All commands and their descriptions can be modified/configured by the user and are saved to ~/.xds-gui. Output appears in the console window

Show frame with predicted spots determine spacegroup with pointless

echo SETTING SYMMETRY-BASED | pointless xdsin XDS_ASCILHKL | tee pointless.log

Saving and comparing good results

) show spots in reciprocal space
Optimizing data quality = 2 B

grep -s allow-duplicate-sequence-numbers ~/.coot || echo "(allow-duplicate-sequence-numbers)" >>~/.coot ; spot2pdb - 1; coot SPOT-*.pdb

Further analyses fe)
User defined command

File Edit Calculate Draw Measures Validate About Ligand |

\ Coot 0.9.8.7 EL (ccpd)

phenix.xtriage XDS_ASCII.HKL

Figure 3

€, Reset View £ Display Manager - 8.

R/RC

% calpha all & symm all %3 Patterson x Hydrogens @ Sphere Refine ~ ™
lap

Ve rABEOO

E G A DD

SRS

The ‘tools’ tab showing the ‘Further analyses’ option. The button ‘show spots in reciprocal space’ executes a shell script (shown below the button). As a
result, Coot provides a reciprocal-space view of indexed (yellow) and non-indexed (pink) reflections. Ice rings and the borders between detector modules

are prominent. These are the same data as displayed in Fig. 1(b).

choosing (by mouse click) one of these three options, the user
should go back to the “XDS.INP”’ tab, specify JOBS = DEFPIX
INTEGRATE CORRECT and run XDS again.

Each of the three options should be tried separately and its
effect should be assessed, using a tool that visualizes differ-
ences between text files, to verify that it really improved the
processed data. The values of the indicator for the systematic
errors (I/o)*Y™P'°% (Diederichs, 2010, 2015) — herein abbre-
viated as ISa — and that for the random errors CC;,, (Karplus
& Diederichs, 2012, 2015; Diederichs & Karplus, 2013) in the
highest-resolution shell that still has significant data (as
revealed by a statistical test in CORRECT) can be used to
make the decision. Those options that improve the statistics
can then be used in combination.

After CORRECT, the data may be further analyzed using
the ‘statistics’ tab (Fig. 4). The resulting XDS_ASCII.HKL
may be converted to e.g. MTZ file format, using the
‘XDSCONV’ tab and CCP4 programs. If other isomorphous
data sets are available, the ‘XSCALE’ tab can be used to scale
and merge them. Furthermore, XSCALE offers the possibility
of zero-dose extrapolation which reduces the effect of radia-
tion damage primarily for susceptible sites (Diederichs et al.,
2003).

Beyond starting, documenting and visualizing the progress
of data processing, XDSGUI thus allows the user

(i) to inspect visually IDXREF’s indexed and non-indexed
reflections in reciprocal space, which allows understanding
and resolution of problems like multiple lattices

(ii) to identify beamline and crystal problems which are
revealed by discontinuities in parameters plotted in the
‘INTEGRATE’ tab

(iii) to optimize the data processing parameters, by
switching between ‘tools’ and ‘XDS.INP’ tabs, through a
simple storage mechanism that allows the user to save, restore
and compare the best results obtained so far

(iv) to address significant radiation damage using the
‘CORRECT’ and ‘statistics’ tabs, to decide on the frame range
that should be accepted for scaling and merging

(v) to extend its functionality by running external programs
or encoding user-defined operations in scripts that are
executed upon the push of a button

3.2. Usage for SHELX data processing and phasing

The SHELX interface is presented within a single tab
(Fig. 5), which is horizontally subdivided into expandable
sections for SHELC, SHELXD (Schneider & Sheldrick,
2002), SHELXE (Sheldrick, 2002) and SHELXL (Sheldrick,
2015). The first three allow experimental phasing (Usén &
Sheldrick, 2018), e.g. from an XDS_ASCII.HKL file produced
previously in the same XDSGUI run, similar to HKL2MAP

1590 Wolfgang Brehm et al. + XDSCUI
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L] L] Arm64 XDSGUI 2023-05-31 running in /Users/di

Projects Frame XDS.INP XYCORR INIT COLSPOT IDXREF DEFPIX INTEGRATE CORRECT tools
run xdscc12  xdscc12 -cdef -nbin 3 -t 1 XDS_ASCII.HKL > XDSCC12.LP

run xdsstat  echo XDS_ASCILLHKL | xdsstat 1000 1 > XDSSTAT.LP

delta CC1/2

statistics = XDSCONV ~ XSCALE SHELX = ARCIMBOLDO

view -

1000 1250 1500 1750

frame number
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Figure 4

The ‘statistics’ tab. Four out of eight plots are shown. (Top) A-CC;,, plot obtained by removing 1° of data (the -t 1 option of XDSCCI12) and observing
the difference in CC,,, with and without these data on the overall CC,), in a resolution range (blue = low resolution, red = high resolution, green =
intermediate resolution, black = overall). The high-resolution data near frame 1070 have a negative A-CC;,, indicating that they reduce the quality of
the overall CC,), at high resolution. The user may remove these data from processing by including the line EXCLUDE_DATA_RANGE = 1000 1100 in
XDS . INP, but a compromise with respect to completeness must be found. Further plots are from XDSSTAT; the bottom plot shows that the overall //o

drops from about 28 to 21 in this frame range.

(Pape & Schneider, 2004), but offer the latest options of the
programs, for example side-chain tracing (Uson & Sheldrick,
2022). SHELXL (Sheldrick, 2015) is a crystallographic
refinement program, widely used in chemical and materials
crystallography and also used in macromolecular crystal-
lography for high-resolution structures. It has some unique
features, such as calculation of standard uncertainties, flexible
treatment of disorder and occupancy, and refinement of
merohedral and non-merohedral twinning (Herbst-Irmer &
Sheldrick, 1998; Sevvana et al., 2019).

The ‘SHELXC’ section is the entry point for diffraction
data. Selecting the type of experiment among SAD, SIR/RIP,
SIRAS and MAD generates the necessary fields to load data
sets, which will typically be in XDS_ASCII.HKL format but
may include other general ASCII formats, like the SHELX
.hk1 format. The content of the files may be accessed through
the GUI for viewing. Buttons labeled ‘Generate input’ and
‘run SHELXC’ configure SHELXC to prepare the files with
anomalous differences or structure factor moduli estimated
for the substructure. The tabular statistics output in SHELXC
are displayed in plots, which should help in estimating the
resolution limit to which the signal is significant and consis-
tent.

The next section is labeled ‘SHELXD’ and will inherit the
information from the files produced in the SHELXC run. The
resolution cutoff should be limited to the shell where differ-
ences are still significant, as normalizing data upweights the
high resolution. The number of sites may be uncertain initially,
but after generating the input and on running SHELXD the
value can be optimized by attending to the drop in figures of
merit from one site to the next and in the lines of the minimum
Patterson superposition function, displayed in the crossword
table. A bimodal distribution in the correlation coefficient
calculated for all data suggests a correct solution.

With a promising substructure, SHELXE, available in the
next section, can derive, modify and extend phases to solve the
structure. Both the determined substructure and its enantio-
morphic configuration need to be tested, as direct methods
cannot differentiate between them. Discrimination between
the two runs is a positive sign. If a partial structure is known, it
can be input in Protein Data Bank (PDB; Berman et al., 2000)
format and combined into the experimental phasing
(MRSAD) (Panjikar et al., 2009). SHELXE will refer the
substructure to the same hand and origin, accepting the space
group of the fragment. Model building options may be
specified. Polyalanine tracing will be iterated, interspersed
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C
Menu Help
Projects Frame tools
SHELXC
SHELXD
SHELXE
Experimental phasing ~
Native in:  LOAD  /localdatal/xdsgui/shelx/xdsgui.hkl
Fa in: LOAD localdatal/xdsgui/shelx/xdsgui_fa.hkl
Partial structure from pdb file: LOAD  /localdatal/shelx/apoferritin.pda
Phase structure based on given ~ sites
Invert heavy atom substructure for phasing? try both enantiomorphs ~
Native data do ~ include heavy atoms
Use fractional solvent content of | 0.60
Fasta sequence for side chain tracing: LOAD | /localdatal/xdsgui/shelx/xdsgui.seq
Modify data defaults

v Autotracing
Cycles 10
Keep model 1 cycles autotracing

Generate input

0 NCS groups defined in .pda input file

Figure 5

XDSCONV ~ XSCALE SHELX = ARCIMBOLDO

- Coot 0.9.8.7 EL (ccpa) ~

File Edit Calculate Draw Measures Validate About Ligand I

£ © Resetview [ Display Manager =& 8_, % calphaall % bonds all -

read coordinates file flocaldatal/xdsgui/shelx/xdsgui.pdb. Molecule number 0 created.

Show shelxe inverted output Open coot original Open coot inverted

#residues vs. autotracing Cycle

+— original
+— inverted

#residues
-
Lo

U N T S S S SN T

autotracing Cycle

The ‘SHELX" tab. The programs SHELXC, SHELXD, SHELXE and SHELXL are presented in different collapsible sections from top to bottom in the
logical sequence of events. The label on the tab is green, indicating the run is in progress, in this case the solution of apoferritin 2g4h (Mueller-Dieckmann
et al., 2007). After data preparation with SHELXC and location of four Cd sites with SHEL XD, phasing, density modification and model building are
performed by SHELXE. The interface allows the user to modify the values inherited from the preceding programs or defaults or to introduce new
parameters. In this case a partial structure is introduced as a PDB-format file with the extension . pda to be combined with the experimental phases. The
output in the bottom left-hand window shows how SHELXFE transforms the substructure to the consistent hand and origin fixed by the partial structure,
which accounts for the results from the original and inverted substructures being identical, as seen in the right-hand plot. A Cw trace can be displayed as
tracing progresses, or Coot can be called through the corresponding buttons to show the final map and model. A sequence was provided and side chains

have been docked and traced.

with density modification, and, if a sequence is provided,
unspecific side-chain tracing will be used to improve phases,
but side chains will only be docked and output once the
correlation coefficient between observed and calculated
normalized intensities has reached 30%. The FASTA format
file should contain one copy of the sequence for each
monomer expected in the structure.

The solution may be refined in the fourth section, labeled
‘SHELXL'. Generation of the SHELX format input file is
mediated by the program PDB2INS (Liibben & Sheldrick,
2019).

3.3. Usage for ARCIMBOLDO data phasing

The ‘ARCIMBOLDO’ tab (Fig. 6) presents the general
choices of which mode to use: ARCIMBOLDO_LITE
(Sammito et al., 2015), typically using one or more polyalanine
helices as search models, ARCIMBOLDO_BORGES
(Sammito et al., 2013), using libraries representing variations
of a local fold, or ARCIMBOLDO_SHREDDER, to identity,
improve and use similar fragments to the unknown structure

in a remote homolog or predicted model (Sammito et al., 2014;
Millan et al., 2018). The more computationally intensive
ALIXE (Millan et al., 2020), SHELXE and Phaser jobs
launched by ARCIMBOLDO may be run locally in multiple
threads or distributed through a remote or local grid if one is
configured, and the hardware to be used can be selected from
the choices detected. The coiled coil mode can be activated for
every mode to address the difficulties in discriminating correct
from incorrect solutions that data modulation poses on the
solution of coiled coils (Caballero et al, 2018). Also, an
interrupted run can be continued from the last checkpoint
completed, which may be advantageous for a long calculation.

Once a mode is selected, the form will request the
mandatory input and offer selection fields to customize
parameters relevant to that mode. As for the other programs,
input should be generated and the run launched. It is possible
to terminate a run and display the terminal output, which
in the case of ARCIMBOLDO is meant for trouble-
shooting. Results and access to map and PDB files for the best
solution can be found in the HTML output common to all
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Figure 6

The ‘ARCIMBOLDO?’ tab. The solution of the lytic transglycosylase Slt (Lee et al., 2018) with a predicted model is displayed. The interface allows the
user to select the ARCIMBOLDO mode, in this case SHREDDER, and the hardware to be used. The displayed calculations are distributed through a
local grid for which the program has been given a configuration file. On the right-hand side, plots displaying figures of merit characterizing the results are
displayed. The HTML ARCIMBOLDO output has been opened and the resulting solution is displayed in Coot by clicking the available buttons.

ARCIMBOLDO programs, rightmost of the buttons control-
ling job operations.

Accurate predicted models (Jumper et al., 2021) provide a
convenient entry to molecular replacement phasing (McCoy et
al., 2022). The predicted models mode in ARCIMBOLDO_
SHREDDER (Medina et al., 2022) may be selected from the
interface. It has been optimized to solve the structure with
predicted models and systematically eliminate model bias. If
molecular replacement with Phaser is straightforward or a
molecular replacement solution is input, phasing with frag-
ments will be skipped and model bias elimination is entered
directly.

4. Summary and outlook

During the past ten years, XDSGUI has been presented many
times at crystallographic workshops in Europe, the Americas
and Asia, and has been available for download through the
XDSwiki. It has proved easy to use by novices in data
processing and phasing, and was enthusiastically received by
experienced crystallographers.

The XDSGUI interface is frequently acknowledged as
being used for data processing and phasing. The underlying Qt
framework is feature rich, performant, and well supported on
Linux and macOS architectures.

We plan to maintain XDSGUI for the foreseeable future
and to implement more functionality, such as interfacing the
calculation of Riompere in SHELXL (Luebben & Gruene,
2015).
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