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Xray data collection and 
processing: a (short?) 

introduction 
Laurent Maveyraud, Oléron 2018

overview

• Reminders about diffraction: structure factors, 
reciprocal lattice, Ewald’s sphere
• Data collection: practical aspects
• Data processing: XDS, mosflm, assessing data 

quality
• “Claudine, Jean-Luc, how do we solve a structure 

with these data?”
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Protein crystals, symmetry

Further reading : Dauter, 2010, J. Appl. Cryst., 43:1150
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Protein crystals and symmetry

crystal

unit cell
asymmetric unit

As proteins are chiral, only rotation and translations allowed
in protein crystals: 65 possible space groups.

Symmetry results in equivalent positions.

Protein crystals and symmetry

crystal

unit cell

asymmetric unit

You can have more than one copy of the protein in the 
asymmetric unit (Non Crystallographic Symetry)
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Protein crystals and symmetry
Symmetry operations in 
the crystals impose
constraints on cell
parameters.

cubic symmetry imposes 
a=b=c and 
a=b=g=90°

a
b

c

ab

Crystals and diffraction
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Spot position depends on cell parameters (a, b and c)
Spot intensity depends on the structure of the molecule

TF-1TF
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Crystals and diffraction: Ewald’s sphere

r =1/l

X ray beam (l) O

diffracted beam

B
1/l

The crystal is periodic, built on vectors
a,b and c (unit cell).

A reciprocal lattice is built with vectors
a*, b* and c*  (reciprocal unit cell).

A wave is scattered when a node of the reciprocal lattice (indices h k l) touches the 
Ewald’s sphere. The structure factor (amplitude F and phase f) of the diffracted wave
is :

F(hkl) = Ncell . Sfj.exp(-2p(hxj + kyj + lzj))

OB = ha* + kb* + lc*

a
c

b
a*b*

c*

Collecting data: measure of the 
diffracted beams characteristics
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Reminder: our goal is to determine a molecular structure, that is
to determine the electron density in a unit cell in the crystal

l

amplitude

Df

amplitude

Amplitudes are easy… phases are a problem… 
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reciprocal lattice, Ewald’s sphere
• Data collection: practical aspects
• Data processing: XDS, mosflm, assessing data 

quality
• “Claudine, Jean-Luc, how do we solve a structure 

with these data?”

Data Collection

• One crystal – one structure: using the “standard“ 
data collection strategy - the oscillation method
• A few crystals – one structure: the “in situ“ 

situation
• A serie of crystals – one structure: serial 

crystallography
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Data Collection

• One crystal – one structure: using the “standard“ 
data collection strategy - the oscillation method
• A few crystals – one structure: the “in situ“ 

situation
• A serie of crystals – one structure: serial 

crystallography

Collecting data

You want to be sure to collect every diffracted beam! That is, all nodes of the reciprocal
lattice should hit the Ewald’s sphere: rotate the crystal while exposing it to Xray… this is
the oscillation method
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• Xrays can fry your crystals: better cool them !

Getting ready for data collection
the importance of the latter is now being recognized by
the structural biology community.

Optimisation of cryotechniques
Currently, mounting a crystal for cryocrystallography
involves suspending it by surface tension in cryobuffer
within a <1 mm diameter loop [8] of thin fibre (Figure 2 )

and then flash-cooling it in gaseous or liquid cryogen. The
cryobuffer is designed to vitrify and prevent crystalline
ice formation.

The parameters affecting cryocrystallography experi-
ments can be divided into two classes. First, the physical
and chemical environment of the crystal in the loop,

Figure 1
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Current Opinion in Structural Biology

The percentages of room temperature and cryotemperature data collection experiments from a survey of all papers published in Acta
Crystallographica D from January 1993–May 2003 (the number of experiments is shown at the top of each bar). The trend is clear, although the
increase in the proportion of cryotemperature experiments reported in the journal lags behind that reported in [10]. The PDB could not be used for this
survey, as data collection temperature is not required information and is thus missing from most depositions.

Figure 2

Cryocrystallography and radiation damage. (a) A 100K cryocooled protein crystal held in a vitrified cryobuffer loop. (b) A 100K cryocooled protein
crystal that has been subjected to data collection at three positions on a synchrotron undulator X-ray beamline and then allowed to warm up in cryobuffer.
The release of secondary radiation products on warming has blackened the crystal at the beam spots. Additionally, gas evolved on warming.

546 Biophysical methods

Current Opinion in Structural Biology 2003, 13 :545–551 www.current-opinion.com

Further readings : Pfulgrath, 2015, Acta Cryst F, 71:622

stereozoom microscope with a good working distance between
the objective and sample trays is a prerequisite to view crys-
tals.

A cryosystem, usually installed on a home-laboratory X-ray
diffractometer with a viewing microscope, is very helpful to
immediately test the results of flash-cooling of both potential
cryoprotectant solutions and the crystals themselves (Fig. 5).
Without such a cryosystem one would have to rely on shipping
the flash-cooled samples in a dry-shipper Dewar to a
synchrotron beamline in order to evaluate the results. A
typical cryosystem blows cold nitrogen gas across the position
of the crystal through a special nozzle which has a coaxial
outer room-temperature flow of dry air or nitrogen that
shields the inner cryogenic gas flow from the environmental
water in the ambient atmosphere. The angle of the nozzle and
associated coaxial gas streams are adjusted so that the inner
cold gas stream contacts the crystal first before any turbulence
causes mixing of the gases and any possible contamination of
the crystal with ice or any temperature changes. The flow rates
of the inner cold stream and the outer dry warm stream are
also important to keep the sample free from gathering ice. Two
typical nozzle orientations are used. (i) The nozzle may be
oblique to the axis of the sample mount so that the gases blow
past the goniometer head and goniometer, which keeps these
pieces of experimental hardware from becoming cold and
condensing and/or freezing water vapor on them, as shown in
Fig. 5. (ii) The nozzle may be coaxial with the sample mount,
but the goniometer head may need to be heated in order to
reduce ice buildup. An advantage of the coaxial orientation is
that the sample mount (loop stalk) will not vibrate differently
as the crystal is rotated during the diffraction experiment
owing to the relative change of the gas flow with respect to the
loop and crystal. Another advantage is that the sample-mount
pin base will remain very cold, which is helpful when
dismounting samples. For all orientations, care should be
taken so that the goniometer does not change temperature
during the data collection, since if a portion moves into the
downstream cold gas the ensuing temperature change will
contract the metals and propagate a movement of the crystal
away from the intersection of the X-ray beam and goniometer
rotation axis. Also, the cryonozzle should not cast a shadow on
the detector during data collection. Of course the nozzle must

remain well aligned with the crystal position. There are
alignment devices to help with this (Mitchell & Garman,
1994). Finally, the nozzle should be prevented from colliding
with the detector and crystal goniometers during data collec-
tion. More information about nozzle positioning can be found
in the work of Alkire et al. (2008, 2013).

If ice does form on the apparatus or on the crystal during
data collection, then the cause should be found and remedied,
although external ice may be removed as described later.
Generally, ice on apparatus has an obvious solution, while ice
on the crystal can be more problematic. Potential issues to
check are (i) the flow rates of the inner and outer gas streams,
which should be neither too high nor too low, (ii) the func-
tioning of the outer concentric gas dryer, (iii) turbulence
caused by a beamstop, collimator, microscope or sample
mount in a gas stream, (iv) the distance of the nozzle from the
sample (5–8 mm is typical), (v) air drafts (from air condi-
tioning or heating) in the room, (vi) blockage of the gas flows
from kinked tubing or even momentary blockage from pooling
of liquid nitrogen in the gas path and (vii) relatively high
ambient humidity. The nozzle position needs to allow the easy
mounting of samples either by hand or via an automounter.

Fortunately, once a cryosystem has been set up properly, it
should work flawlessly with only minimal maintenance such as
filter and seal replacements and checking vacuum integrity,
which is beyond the scope of this review.

Actual diffraction data collection rotates the crystal by
means of a diffractometer that keeps the crystal in the X-ray
beam and centered in the cryogenic gas flow. For this purpose,
a traditional goniometer head is mounted on the diffracto-
meter. The head has a magnet attached, onto which a steel or
nickel metal base can be held by a magnetic force. The base
has a smaller diameter steel or copper pin inserted into the
base and into this pin is inserted a relatively X-ray transparent

IYCr crystallization series

Acta Cryst. (2015). F71, 622–642 Pflugrath ! Practical macromolecular cryocrystallography 627

Figure 4
Close-up of five cryomounts. Left to right: Hampton Research ALS-style
with steel pin; SPINE with steel pin; Hampton Research CryoCap copper
with ledge; MiTeGen copper RT; Rigaku RFID mounting pin.

Figure 5
A typical X-ray diffractometer setup with a cryosystem. At the center is a
crystal mounted on a pin magnetically held on a goniometer head.
Clockwise from lower right corner: X-ray source collimator pointing
towards the crystal with X-ray beamstop; black microscope; microscope
display of the crystal in the cross-hairs mounted in a loop; X-ray detector;
cryosystem nozzle pointing at the crystal; orange X-ray shutter indicator
lamp. Note that the cryonozzle is pointing obliquely at the sample
position so that the cryogenic gas impinges neither on the goniometer
head nor on the X-ray detector, nor does it obscure the view of the crystal
through the microscope.

1 2 3 4 

0° → 1° 1° → 2° 1° → 2° 2° → 3° 

180           179° → 180° 

................... 
lyso_001.mar2000 lyso_002.mar2000 lyso_003.mar2000 lyso_004.mar2000 

Data collection by oscillation steps 

lyso_180.mar2000 

Diffraction limit 

Collecting data
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• How many images to collect ?
• Crystal symmetry, phasing method

• Which oscillation angle ?
• Cell parameters, type of detector, type of processing

• Which crystal to detector distance ?
• Resolution limit of the crystal, cell parameters

• Which exposure time ?
• Type of detector, no saturated spots

Collecting data: the oscillation method

Further readings : Evans, 1999, Acta Cryst, D55:1771
Dauter, 1999, Acta Cryst, D55:1703

With recent detectors (Pilatus) the crystal is rotated
continuously (shutterless data collection).

Collecting data: the oscillation method
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Collecting data: the oscillation method

r =1/l

O

B
1/l

a
c

b
a*b*

c*

In theory :
- perfect crystal: reciprocal lattice is built of points
- perfect beam (no wavelength dispersion, no 

divergence…)

Collecting data: let’s face reality

- perfect crystal: reciprocal lattice is
built of points

- perfect beam (no wavelength
dispersion, no divergence…)

Real life: 
- mosaic crystal
- real beam (wavelength dispersion, 

divergence…)
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Consequences for the Ewald’s construction

f = 0� f = 1�

Df = 1°

Collecting data: let’s face reality

f = 2�f = 1�

Df = 1°

Collecting data: let’s face reality
Consequences for the Ewald’s constuction
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• Data processing: XDS, mosflm, assessing data 

quality
• “Claudine, Jean-Luc, how do we solve a structure 

with these data?”

Processing data: XDS, iMosflm

Three steps for data processing :
• Indexing data: find possible cell parameters, crystal orientation, guestimate

symmetry
• For each diffraction spot, you know Miller indices
• Symmetry derived from cell parameters: it’s only a hypothesis !!!!
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Processing data: XDS, iMosflm

Three steps for data processing :
• Indexing data: find possible cell parameters, crystal orientation, guestimate

symmetry
• For each diffraction spot, you know Miller indices
• Symmetry derived from cell parameters: it’s only a hypothesis !!!! 

If the cells seems to obey to some symmetry constraints, it’s likely because
this symmetry is present in the crystal.

• Now that we have a unit cell and an orientation, we can predict spot position on 
any frames
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Processing data: XDS, iMosflm

Three steps for data processing :
• Indexing data: find possible cell parameters, crystal orientation, guestimate

symmetry
• For each diffraction spot, you know Miller indices
• Symmetry derived from cell parameters: it’s only a hypothesis !!!!

• Integration: for each spot on each frames, measure the intensity
• Locate spot, assign pixel to « background » or to « spot »
• Sum the intensity for « spot » pixels
• Profile fitting (2D iMosflm, 3D XDS)

Further readings: Rossman 1999, Aca Cryst, D55:1631
Leslie, 1999, Acta Crsyt D55:1696 
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Processing data: iMosflm
2D profile fitting: wide slicing

Detector surface splitted in 9 or 25 regions.
Profiles are learned for intense well defined spots.

Processing data: XDS
3D profile fitting: fine slicing
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Processing data: XDS, iMosflm

Three steps for data processing :
• Indexing data: find possible cell parameters, crystal orientation, guestimate

symmetry
• For each diffraction spot, you know Miller indices
• Symmetry derived from cell parameters: it’s only a hypothesis !!!!

• Integration: for each spot on each frames, measure the intensity
• Locate spot, assign pixel to « background » or to « spot »
• Sum the intensity for « spot » pixels
• Profile fitting (2D iMosflm, 3D XDS)

• Scaling of data: correct for variation in diffracting volume, beam intensity
variations,…
• Use equivalent reflections to place all images: uses the symmetry of the 

crystal!

Crystal symmetry: 
equivalent positions

x, y, z
y, -x, z
-x, -y, z
-y, x, z

Symmetry of  diffracted
intensities: equivalent reflections

Symmetry of reciprocal space

h, k ,l -h, -k, -l
k, -h, l -k, h, -l
-h, -k, l h, k, -l
-k, h l k, -h, -l

Friedel’s
law



03/06/2018

18

Processing data: XDS, iMosflm

Three steps for data processing :
• Indexing data: find possible cell parameters, crystal orientation, guestimate

symmetry
• For each diffraction spot, you know Miller indices
• Symmetry derived from cell parameters: it’s only a hypothesis !!!!

• Integration: for each spot on each frames, measure the intensity
• Locate spot, assign pixel to « background » or to « spot »
• Sum the intensity for « spot » pixels
• Profile fitting (2D iMosflm, 3D XDS)

• Scaling/merging of data: 
• Scaling: correct for variation in diffracting volume, beam intensity variation,. 

Use the symmetry of the crystal (validate, or not, the symmetry hypothesis 
from the indexing step)

• Merging: average different observations of equivalent reflections, compute 
data processing statistics

Checking the quality of your data

Completeness: which proportion of the possible diffracted beams did we collect?
Rsym, Rmerge: disagreement between all observations of a reflection (and equivalent)
I/sigma: signal to noise ratio
Rmeas: multiplicity corrected Rsym
CC(1/2): half datasets correlation coefficient
Anomal Corr
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55.70 – 1.80 Å 1.84 – 1.80 Å

N observations 156,728 8,565

N unique 11,204 646

Multiplicity 14.0 13.3

Completeness
(%)

100.0 100.0

Rsym or Rmerge 0.053 0.145

I/s 34.8 15.2

Checking the quality of your data

Table 1

Is Rsym/Rmerge a good indicator of data quality? 

55.70 – 1.80 Å 1.84 – 1.80 Å

N observations 156,728 8,565

N unique 11,204 646

Multiplicity 14.0 13.3

Completeness (%) 100.0 100.0

Rsym or Rmerge 0.053 0.145

Rmeas 0.057 0.155

CC1/2 0.999 0.995

I/s 34.8 15.2

Checking the quality of your data
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Checking the quality of your data
Wilson Plot

Crystal/dataset pathologies
XTRIAGE analysis (Phenix)
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Data Collection

• One crystal – one structure: using the “standard“ 
data collection strategy - the oscillation method
• A few crystals – one structure: the “in situ“ 

situation
• A serie of crystals – one structure: serial 

crystallography

- If crystals are mechanically too fragile to be
cooled, mounted

- For ligand screening

• Diffraction data are collected directly
from a crystal in its crysallisation
drop 

• Protein is crystallized in the presence
of dry fragment (Gelin, 2015, Acta 
Cryst D)

In situ crystallography : application to ligand screening

McPherson, 2000, J. Appl. Cryst.
Gelin, 2015, Acta Cryst D
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377 datasets collected
(75 to 80° oscillation 
range)

1 2 3 4 5 6 7 8 9 10 11 12

A
3 1 2 2 2 3 2 3 3 4

3 3 3 3 1 2 3 2 3 2 1

B 2 3 2 2 3 3 3 3 3 3 2

3 2 3 3 3 3 2 2 4 1 2

C
1 3 3 3 2 2 3 4 2 1 3

4 3 3 2 2 3 1 1 1

D 3 3 2 2 2 3 6 2 3 3

2 3 1 3 2 1 4 2

E
3 3 2 2 1 1 2 2 2 3

1 1 3 1 1 2 1 2 1

F 4 3 2 2 4 4 4 3 3

2 3 3 1 2 3 2 3 2 1

G
4 3 3 3 4 2 3 1 3

1 2 1 2 2 1 3

H 3 3 1 4 5 4 1 2 3

4 2 1 2 4 4 2 2 3 3 1

In situ crystallography : application to ligand screening

Plateforme Intégré de Criblage de Toulouse

Different datasets for a given conditions should be
merged !!
And this is done manually… !

High resolution limit: 2.33 Å
(53 datasets between 2.0 and 2.1 Å)
Rsym : 0.32
Completeness : 86 %
CC(1/2) : 87 %
Multiplicity : 3.5

High resolution limit: 2.13 Å

Rsym : 0.213
Completeness : 92.3 %
CC(1/2) : 97.3 %
Multiplicity : 5.25

Statistics for 146 merged datasetsStatistics for 285 unique datasets

In situ crystallography : application to ligand screening

Plateforme Intégré de Criblage de Toulouse
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Data Collection

• One crystal – one structure: using the “standard“ 
data collection strategy - the oscillation method
• A few crystals – one structure: the “in situ“ 

situation
• A serie of crystals – one structure: serial 

crystallography

- Many, many, many tiny crystals: just flow them!
- Data collected at room temperature

Serial crystallography: one crystal = one image
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Serial crystallography: one crystal = one image

P
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What can we do with these data ?

Stéphane… tell us about phases


