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Calculating strategies for data collection
Alexander Popov

The purpose of a crystallographic data collection is to extract the required 
structural information from a crystal given finite available experiment time 
and the limited crystal lifetime in an X-ray beam
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Structure refinement ---- resolution and completeness are more important than accuracy

Molecular replacement -- is usually limited to low-resolution data, for which experimental 
random errors are not significant. Very sensitive to systematically missing the strongest intensities 
owing to detector saturation

Experimental phasing -- is based on measuring differences of same-index (or symmetry-related)
reflections. The magnitude of the phasing power is resolution dependent. The phasing-power 
magnitude can be improved equally well by an increase in phasing signal or by reducing errors
associated with the signal.

Ligand binding study, Drug Discovery

A variety of different tasks, crystal characteristics and 
specific instrument conditions make it impossible to 
define rigid protocols for data collection that would be 
applicable in all cases. The appropriate decision has to be 
a result of a compromise between several competing 
requirements.
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Complications

• Large cell parameters 

• Weak diffraction intensity – light atoms

• Poor crystal quality – big B-factor

• Background intensity > diffraction intensity
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Main uncertainties of the observed intensities are determined 
by counting statistics 
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where m and n are number of pixels in the peak and background region of the 
measurement box respectively. G is the detector gain, which converts pixel counts to 
equivalent X-ray photons. Kins is a proportionality constant for the instrument-error 
term 
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Photon interaction 
with soft matter

10x1000x10 eV

Ziaja et. al, 2000-2002

Radiation Damage

• cell dimensions/orientation change *
• mosaicity increase *
• R-factors increase *
• phasing signals washed away *
• diffraction disappears *
• what can be reduced will be reduced
• holes punched 
• warmed-up samples explode
• .......

specific damage
Henderson limit - 2 107 Gγ
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ALCOHOL DEHYDROGENASE

ID23-1, λ=0.973 Å, Flux=2.5 1012

resolution =1.45 Å, Δφ=1º, t exposure=0.2 s, 
Space Group      : C 1 2 1
Cell                     : 148.7  53.6  76.5  90.0 103.6  90.0
Mosaicity : 0.40 degree

φ=0º φ=90º
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ALCOHOL DEHYDROGENASE
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Relative Intensity VS. PHI
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    BEST   Optimal Plan of data collection
-------------------------------------------------------------
 N| Phi_start| N.of.images| Rot.width| Exposure
 1    90.00         99              0.80           0.13   
 2   169.20        15              0.70           0.17  
 3   179.70        25              0.60           0.21  
 4   194.70        20              0.50           0.28   
 5   204.70        25              0.40           0.36  
 6   214.70        15              0.35           0.57   
 7   219.95        16              0.30           0.99   

 8   224.75        12              0.20           1.77  
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According to Wilson statistic
Acentric reflections

Centric reflections

The probability density function for diffraction intensity magnitudes follow the 
Wilson distribution
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ˆ J ( h ) =
1

s
⋅ ˆ J u (h ) ⋅ Exp(− h ⋅ B ⋅ h T )

Reconstruction of the mean reflection intensities using limited experimental data set.
Just a few (possible only one) initial diffraction images taken with short exposure time are needed to start the 

predictions.
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Average standard uncertainty of the observed squared structure factors for a sampled volume 
v is approximated by:
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Scattering background 
component
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the contribution of peak counting statistics 

insk=2k the contribution of the instrumental error

ˆ σ J (h) ≅ M −1/ 2 m −1 ˆ σ J (h ,ϕ j )
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∑

After merging symmetry equivalent/redundant observations over a large rotation range subdivided 
into m equally small intervals centred at spindle positions , and assuming that redundant 
measurements are uniformly distributed over the rotation range, the expectation values of 
standard uncertainties can be estimated as:

M is the mean redundancy of the 
measurements in the total rotation 
interval
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Radiation Damage (Bulk MX, Cryo-T)

• Diffraction Intensity is a function of dose
I(hkl)=scale(Dose,|hkl|)*I(hkl)+Δ(Dose)

● overall Debye-Waller factor (B) grows by 1 Å2 per 1 MGy

● Luzatti isomorphism factor (Log σA) decays by 0.1 Å2 per 1 MGy

β=8π2sAD   = 0.95  0.95 1.4     1.3 Å2

Kmetko et al. (2006) Owen et al. (2006)
D ½ = 4.3(±0.3) x107Gy
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Non-specific Radiation Damage model:
Atomic Debye-Waller factor variation with Dose
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• Derived from the series of refined structures as a function of Dose @ constant I/SigI/resolution
• Not visible in electron density maps (other then blurring)
• Generates extreme non-isomorphism (>70% in RE
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Graphical solution of the equation  
at resolution 1.5 Å and fixed rot. 
width for 5° sequential rotation 
wedges. 
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Geometry 

Optimal starting spindle angle and scan range

Maximum rotation angle without spot overlap

Optimal Multiplicity

User choices
Space group, Cell parameters, Orientation, Mosaicity

I[(h,k,l), Texposure)], Ibackground

Statistics calculation

Reconstruction of average intensity vs. resolution

Statistics modeling  based on Wilson distribution

Radiation damage modeling

Beamline Flux
Crystal contents

Absorbed dose

Initial Images

Optimize data collection

Optimize SAD data collection

Find optimal crystal orientation

Estimate data statistics

Data collection strategy accounting radiation damage
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Interface:CCP4I BEST  
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Data Collection with 
Variable Exposure Time and Oscillation Width

• BEST optimizes the data collection parameters for 

each crystal orientation (i.e. spindle position reached after exposure 
to a certain dose) individually;

For convenience of data collection/processing the data collection 
"plan" is smoothed out to produce a small number sub-wedges with 
varying exposure/oscillation width

• Even without taking the Radiation damage into account, this is useful 
(e.g. severely anisotropic diffraction or long cell edge)

• For high-dose data collection, BEST suggest to increase the 
exposure time gradually during the data collection, in order to 
compensate the loss of the diffraction signal due to the radiation 
damage (according to the model-based expectations) and keep 
signal-to-noise at a required level.
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Native data: optimization is based on decay model
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A.Popov 32

0

5

10

15

20

25

30

35

40

45

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18

1/d^2, 1/Á^2

R
-f
a
c
to

r,
 %

BEST prediction

SCALA result

BEST prediction

SCALA result

 Optimal data collection plan 
Total exposure time: 44 s, Dose = 17.6 MGrey
PHI_start    N.of images   Rot. Width     Exposure
136.0°                 19              0.8°             0.59s
151.2°                   5              0.8°             1.04s
155.2°                   8              0.8°             1.75s
161.6°                   4              0.8°             3.79s

Usual data collection
Total exposure time: 44 s, Dose = 17.6 MGrey
PHI_start    N.of images   Rot. Width     Exposure
136.0°                 36              0.8°            1,22s

Test data collection of a complex of viral supressor of RNA crystal according to the BEST 
plan.Two full data sets were measured at resolution 2.45 Å with equal dose using two 
different crystal parts from long (~ 0.2 mm) and thin (~0.025 mm) sample on ID23-1
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Good native data Poor anomalous data

SAD optimization
Minimum of RFriedel = <|<E2+>  - <E2->|> is a target

noise only, no anomalous scattering itself:
decay, non-isomorphism

exact pair-vice dose differences for Bijvoet mates
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---------------------------------------------

Resolution  RFriedel(%)  I/Sigma  Redundancy
---------------------------------------------

10.12         0.8        74.1      23.7
6.90         0.8        43.6      23.7
5.34         1.1        48.4      23.0
4.51         1.2        47.5      23.5
3.98         1.6        34.5      20.6
3.60         2.5        22.4      13.9
3.31         4.0        14.0      11.9
3.08         6.6         8.3       7.0
2.89        10.5         5.2       6.1
2.73        15.6         3.7       2.5
2.60        23.0         2.4       3.8

----------------------------------------------------------------------

SAD optimization

Minimum of RFriedel = <|<E2+/w>-<E2-/w>|> is a target
noise only, no anomalous scattering itself:

decay, non-isomorphism
exact pair-vice dose differences for Bijvoet mates
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Rfriedel vs. resolution
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Testing: multiplicity dependency

3.3 Å
11 SeMet/400 a.a.
Total Dose 3.6 107 Gy
Constant rotation
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SAD optimization
Minimum of RFriedel = <|<E2+>  - <E2->|> is a target
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SAD optimization
Minimum of RFriedel = <|<E2+>-<E2->|> is a target
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PROBLEM 

Irradiation crystal volume VS Phi ????

1. sample > beam

2. Beam profile  and crystal shape?
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Relative drop of average intensity vs. radiation dose
(BEST predictions and SCALA data) 

d=6.0 Ǻ

d=3.0 Ǻ

d=1.9 Ǻ

ID14-4 ESRF
data collection from cytochrome c nitrite reductase (P213, 
a=194.4 Ǻ)
Resolution=1.89 Ǻ, rot.width=0.5°, exposure =8 s, 
flux=6e11,dose_rate=1.29e4
25° (50 images) of rotation provides complite data set 
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