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1 1 INTRODUCTION

1 Introduction

The technique of X-ray crystallography has remained the most reliable and productive
method of structural biology for many decades. Since the first protein structure of myo-
globin, which was determined in the late 1950s by Sir John Cowdery Kendrew, thousands
of structures of proteins and other biomolecules have been obtained using X-ray crystal-
lography. This data provided a fundamentally new level of understanding of the living
organisms functioning. Structural biology also opened up a new era for drug development:
high-resolution structures of proteins are now used for the rational search of candidate
compounds with advanced potency and minimized side effects.[1]

Even wider horizons for protein structure determination have opened with the devel-
opment of advanced X-ray sources. X-ray free-electron lasers (XFELs) have made serial
protein crystallography possible. This method uses protein nanocrystals in a continuous
flow of viscous liquid to collect multiple ‘snapshots’, each from a distinct crystal in a ran-
dom orientation. The short pulses from XFEL enable the ‘diffraction-before-destruction’
data collection principle. Consequently, the diffraction data is collected before the radia-
tion damage, as the pulse time scale is briefer than the characteristic time of the damage
process. Therefore, protein crystals, which are either too small or too radiation-sensitive
can be studied. Moreover, the technology opens up brand new possibilities in time-resolved
crystallography.[2]

The common data analysis approach for serial crystallography usually involves indexing
the diffraction pattern from each crystal individually. Therein, the intensity of every
predicted reflection in the diffraction pattern is locally integrated, and then reflection
intensities from many thousands of crystals are merged and averaged. At the same time,
all the information about the intensity distribution around and between Bragg peaks is
discarded.

However, this additional data can be preserved for direct-phasing strategies and other
advanced analyzes. Consequently, a new approach for the inspection of diffraction pat-
terns in the serial femtosecond crystallography has been suggested. The approach involves
a ‘three-dimensional merge’ of the data from numerous nanocrystals by assembling diffrac-
tion patterns from individual crystals in three-dimensional reciprocal space using crystal
orientation information derived from the autoindexing process.[3]

Besides novel phasing strategies, the three-dimensional merge approach opens up some
other opportunities. First, it can be applied for the integration and refinement of datasets
with partial reflections. Moreover, the three-dimensional intensity model can be used for
the post-refinement of diffraction image orientation and scaling.

In this report, I would like to briefly describe my work on a graphical user interface
(GUI) that can be used to manipulate the merged intensity map. This interface was
prepared by me using the Python programming language and its modules. Several useful
tools for serial femtosecond crystallography data analysis have been implemented in the
GUI. Also in the first section of this report, I would talk about my introduction to the
traditional data analysis pipeline for serial femtosecond crystallography using CrystFEL
software.
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2 CrystFEL software

First, I studied a tutorial to get familiar with the common pipeline for analysis of diffraction
data using CrystFEL software. CrystFEL is adjusted to the needs of the serial femtosecond
crystallography technique and is suitable for the analysis of diffraction patterns obtained
using XFEL. Its functionality includes indexing, integrating, merging, viewing, and eval-
uating the quality of the data, and also simulating diffraction patterns. To accelerate the
indexing and integrating routines for a large number of diffraction snapshots, the Cryst-
FEL can use multi-core hardware. Another important feature of this software is the use
of a generalized representation of the detector, which enables the work with more complex
detector geometries.[4]

While following the tutorial, I made most of the main steps of using CrystFEL, using
the freely available dataset, collected on the Linac Coherent Light Source facility.[5] Thus,
the diffraction patterns from the dataset were examined, then the peak detection was
optimized, the unit cell parameters were computed, the diffraction patterns were indexed,
the detector geometry was optimized, and, finally, the intensities were merged, and some
basic figures of merit were calculated and analyzed.

3 GUI for three-dimensional merging

Next, I started developing the GUI, which should facilitate the process of a merged three-
dimensional intensity map inspection. Several useful tools were included in the GUI: first,
it includes the adjustable level of intensity to build corresponding isosurfaces.

Figure 1: A tool for creating isosurfaces at the required level in the work
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Second, the data can be sliced using the implicit plane widget and clipped using the
box widget. The orientation and position of both widgets, as well as the scale of the
box widget, are fully adjustable both manually and using text input fields. These tools
allow inspection of individual slices of merged three-dimensional reciprocal space, as well
as slices, averaged over a thin layer of reciprocal space, which also offer some advantages
for more accurate data analysis.

Figure 2: Implicit plane widget and box widget with adjustable orientation, position and
scale in the work

Rotation and zoom of the scene using a mouse are also fully supported.
The GUI was implemented using the Visualization Toolkit (VTK), which is open-source

software for displaying and managing scientific data. VTK is an object-oriented system,
which consists of a complied C++ class library and an “interpreted” wrapper layer that
can be used to manipulate compiled classes using many languages, including Java, Tcl,
and Python. We chose the VTK Python wrapper for our GUI. Basic GUI functionality,
including buttons and text boxes implemented with the PyQT module.[6]

Figure 3: Visualization Toolkit (VTK) architecture from [6]
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The implemented GUI will become a part of a new project on three-dimensional merge
and the results of the project are being prepared for publication in the Journal of Applied
Crystallography.

4 Results

• Familiarized with the main concepts of protein crystallography, and, particularly,
with the serial femtosecond crystallography;

• Studied the differences between common approach for crystallography data analysis,
and new method, which involves the three-dimensional merging of intensities;

• Dived into serial femtosecond crystallography data manipulation using CrystFEL
software;

• Developed a code for GUI, which facilitates inspection of three-dimensional merged
intensity maps, using VTK and PyQT modules.
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