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Calculating strategies for data collection

Alexander Popov
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Z. Dauter “Data-collection 
strategies”,1999, Acta Cryst. 
D55,1703-1717



A.Popov 4

Multiplicity 
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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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The probability density function for diffraction intensity magnitudes follow the 
Wilson distribution
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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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φ_start - φ_finish =90º - 230º
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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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A quantitative approach to data collection strategies

• semi-empirical model for diffraction intensity vs reciprocal
space coordinate

• semi-empirical model of variance vs integrated intensity
(Bragg peak, background -

 

ADU/ADU) 

• factorization on the basis of few initial diffraction images 
(background and Bragg scattering) and few instrumental
parameters (calibration)

• relationship via diffraction geometry (rotation method) –
scan speed, oscillation range, mosaicity, spot shape, 
Lorentz, polarization

•

 

integration over the scanned reciprocal space + Wilson 
distribution:data

 

statistics

 

(<I/SigI>/distributions, Rmerge

 

, Rfriedel

 

etc.)

• optimal data collection parameters

 

: 
total rotation range, oscillation ranges/frame, exposure
time providing required data statisics

 

in a minimal total
measurement time or exposure dose
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Popov & Bourenkov, Acta

 

Cryst. D 2003

Presenter
Presentation Notes
Some years ago we together with Sasha have written a program, that felt into category of so-called “data collection strategy” programs,

Of which there are many, but it has an important – from our point of view – charateristic that it does not consider only the completeness

Of indices , but fairly all the parameters you can consider in the idealized experiment from the point of view of the signal-to-noise ration.�

Starting from relatively simple-minded assumption that one can approxinmate the variance in integrate intrensity by a quadratic function

Of the intennsity itself – whether on speaks about integrating the Bragg peak or background



The software basically in that form with some minor modifications over time became quite usefull and fairly widely

Accepted – for instance it is a data collection planning or “strategy” module in both automated data collection systems

Now – DNA in europe and Blueice in US. But 
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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

k1 (h,ζ ,ϕ) =
Gω
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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 )
j=1

m

∑

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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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

Crystal ranking

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.



Geometry 

Optimal starting spindle angle and scan range

Maximum rotation angle without spot overlap

Multiplicity

The user choiceSpace group, Cell parameters, Orientation, Mosaicity
I[(h,k,l), Texposure )], Ibackground

Reconstruction of average intensity vs. resolution

Statistics modeling  based on Wilson distribution

Search for the optimal combination of data 
collection parameters

Statistics calculation

Low resolution path

I/Sigma or max

Resolution

Anomalous

Redundancy

Geometry

Total time or dose

Beamline Flux
Crystal contents

Absorbed dose

Initial Images
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Crystallographic phenomenology

•

 

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
•

 

.......

(*irrepoducible)

After high dose ... 
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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)
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= 4.3(±0.3) x107Gy
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Presenter
Presentation Notes
Quantitatevely these change in intensities are brought to a simple roule -  

Bulk crystals – no escape

100K

That are the parameters of the model 

Robert Thorn data are literally the same

Elspeth data are represented in a different form but if we integrate this model 

Relation very close

Integrate over broad resolution shell
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Presenter
Presentation Notes
Coming back to the distribution of slopes i mentioned before and how we can convert it to the intensity decay and non-isomorphism. The underlying model may be interesting. We assume that the phases of individual atoms – means the coordinates - are unchanged, but their moduli change differently with the dose according to the position this atom takes on the histogram, thus for total structure factor both amplitude and phase change. 

The basics of the structure factor statistics tells us that we can estimate the functions we are interested in – the decay function and sigmaa – by the Laplace transforms of this histogram at any point on the dose axis. The approximation we found before is a quite good approximation to these equations. This model does not take into account all the variance in the structure – there are still cell constant changes, specific damage, and changes in the solvent that it does not take into account, but if we compare what we obtain from these equations to the observed R-factors, - we see that this effect is responsible for 80-90% of that.
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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

2)

Presenter
Presentation Notes
Old slide as 

Essence of the model 

the temperature  grow alltogether – that means the diffraction disappeares

but for every atom it differently – in this may not be scaled away by any of the availabel scaling procedure

Why I show it again – 

There are other things happening – like cell specific damage, cell constant, mosaicity , but we keep to this

greatest changes in intenensities

70% impossible to generate by changing cell constants or removing a few atoms 







A.Popov 25

2/12

0

0
1 )1( a

D

D

D

D
I I

I
I
IR σ−≈−=

=

=

σ a≈ e
−

dBi
dD

Ds2

e
−2 dBi

dD
Ds2

−1/ 2

≈ e−αDs2

Re

Im

FD=0FD

ϕD=0ϕD

Radiation Damage Modelling in BESTRadiation Damage Modelling in BEST

2. Intensity variance (non-isomorphism)
 Non-specific Radiation Damage model: Atomic Debye-Waller factor 

variation with Dose

Presenter
Presentation Notes
Coming back to the distribution of slopes i mentioned before and how we can convert it to the intensity decay and non-isomorphism. The underlying model may be interesting. We assume that the phases of individual atoms – means the coordinates - are unchanged, but their moduli change differently with the dose according to the position this atom takes on the histogram, thus for total structure factor both amplitude and phase change. 

The basics of the structure factor statistics tells us that we can estimate the functions we are interested in – the decay function and sigmaa – by the Laplace transforms of this histogram at any point on the dose axis. The approximation we found before is a quite good approximation to these equations. This model does not take into account all the variance in the structure – there are still cell constant changes, specific damage, and changes in the solvent that it does not take into account, but if we compare what we obtain from these equations to the observed R-factors, - we see that this effect is responsible for 80-90% of that.
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Presenter
Presentation Notes
Here we fix the decay parameters at expected values and resolution at 2.5 angstroem, and look how different contributions to data statistics will change with the dose. This is a falloff in intensity we expect. This what happens to the contribition of counting statistics to the data accuracy – if plan our data collection for I over sigma of 2 in the last shell, and continue measuring using constant exposure time, then far bellow the Henderson limit of 2x10to7 there will alrady be no data in the last shell at all. At the same time, the errors due to non-isomorphism will remain at a comparatively negligible level up to much higher doses. By properly planing the data collection we can modify the behaivior of this curve – ideally to make it constant. This contribution becomes important if we want to collect very accurate data, and we can not affect it in any other way except lowering the dose. For instance, the chart tells us that the whole dose resrve for MAD or SAD experiment is an order of magnitude lower if we whant to keep non-isomorphism bellow resonable 5-10%, and this corresponds to only about 10-15% intensity change – in a reasonable agreement with what experienced crystallographer would quote as a tolerable decay in such experiment. Thought here the situation is more complicated and correlation between these contribution to the bijvoet pairs must be taken into account.



A.Popov 28

Interface:CCP4I BEST  

Presenter
Presentation Notes
Interface

CCP4I



The spectrum of functions is displayed here : 

 	simply optimize the native data collection  to the highest possible resolution with a reasonably low Signal-to-noise

	or to do the same with a search for an optimal crystal orientation  - note that in this case what happens is basically

	the optimization of the orientation with respect to the spatial overlaps

	you can ask best to check lowest noise in anomalous signal versus resolution, in order to make a decision on as to what resolution to collect you SAD data 

	you can generate the SAD data collection strategy, i.e. the conditions that will provide the lowest noise in the anomalous difference data

	if you are at the kappa-goniostat equipped beamline you can tell the program searching for crystal orientation you may improve the anomalous singnal even further



	and, at last – if you have your own ideas on how to collect the data – you may input the data collection startegy yourself. 



As one can see, even for a "regular" optimization of data collection you need to provide quite a bit of consystent input – 

	like processed data. Detector or site identifier, exposure you are using, then actually you need to run the elspeth garman's raddose programm,	

	to find the dose rote in your experiment, and so on and so fourth …



Therefore, 
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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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XDS, data statisticsTotal dose 2.1 107 Gy
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calculations involve Non-Isomorphism model

70% data

40% dose

Presenter
Presentation Notes
This is implemented in optimization

Again a few frames

All the parameters you need for data collection

The key feature of this is that we stepwise increase the exposure time

To push the measurable signal as soon out

Signifcant difference as compared to doing that for instance by looking at the

This correction and data collection parameters arizes from the overall decay model only,

The non-isomorphism is taken into account when expected data statistics for a data collection

prtocol are estimated – 

r-factors and chsquared stats

Therefore can be directly related to the results of data processing 

and they are close. 
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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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ΔE2=E2
Dose

 

-E2
Dose=0

 

as a function of dose for a bunch of reflections in a 
narrow resolution shell, calculated from series of refined structures.

Stationary stochastic process (exponential distribution at any Dose)
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Total rotation range
Predicted average relative error versus resolution for data collections with the same total radiation 
dose and different data redundancies

The choice of the starting and final angles of rotation range must assure the desired completeness of the data set. The smallest 
rotation range gives the data set with minimum redundancy. Two perfect experiments with the same total exposure dose used 
for different rotation ranges would provide the same data statistics. However, in the presence of the systematic error increasing 
the exposure dose per frame may not increase for strong signals over a certain limit. In our model, the contribution of the 
systematic error to the total intensity error equals 3% of intensity, i.e. for a single observation. Independent redundant 
measurements can improve the data statistics above this limit. On the other hand, increasing the number of frames by collecting 
redundant data results in stronger effects of the readout noise on weak signals.



A.Popov 39

SAD optimization
 Minimum of RFriedel = <|<E2+>  - <E2->|> is a target
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Testing: multiplicity dependency
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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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SAD optimization
 Minimum of RFriedel

 

= <|<E2+>-<E2->|> is a target
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Minimal RFriedel

 

vs. Resolution and Orientation
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EDNA-prototype @ ESRF beamline

------------------------------------------------------------------------------------------------------------
Indexing: MOSFLM : Version 7.0.1  for Image plate and CCD data 20th August 2007
..
Integration : MOSFLM :-------------------------------------------------------------------------------------
..
Strategy : Summary of Strategy:
Strategy : ------------------------------------------------------------------------------------------------
Strategy : Raddose

 

: version 4.2 //  2007/07/05
..
Strategy : Raddose

 

: Dose rate : 1.7e+05 [Grays/s]
Strategy : 
Strategy : ------------------------------------------------------------------------------------------------
Strategy : Best : Version 3.1.0.d //  16.07.2007
Strategy : Best : 
Strategy : Best : Plan for data collection:
Strategy : Best :  N |  Phi_start

 

|  N.of.images

 

| Rot.width

 

|  Exposure | Distance |  Overlap |
Strategy : Best :  1 |    96.00   |      80      |     0.50  | 0.25 |   342.7  |      No  |
Strategy : Best :  2 |   130.00   |      40      |     0.50  | 0.45 |   342.7  |      No  |
Strategy : Best :  3 |   156.00   |      26      |     0.40  | 0.72 |   342.7  |      No  |
Strategy : Best :
Strategy : Best : Attenuation                   :    1.0
Strategy : Best : Total rotation range          :   70.4 [degrees]
Strategy : Best : Total number of images        :    146
Strategy : Best : Total exposure time           :   56.6 [s]
Strategy : Best : Total data collection time    :  421.6 [s]
Strategy : Best : Resolution                    :    2.2 [A]
Strategy : Best : Resolution reasoning          : Resolution limit is set by the radiation damage
Strategy : Best : Ranking resolution            :    2.2 [A]

>edna-prototype --flux 1.0e12  --beamSize

 

0.04 --images ref-my*img

Presenter
Presentation Notes
Within the EDNA collabortation, that Martin introduced,  we are working, as one of the aims, on a better integrated approaches in building 

BEST strategies into overall data acquisition procedures. At ESRF, there is a prototype implementation that, given a flux – in photons, 

the  beam crossections and a couple of reference frames , will do Indexing with Mosflm , then dose rate estimation with raddose and

Best, that 
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Strategy : Best : Predicted statistics:
Strategy : Best :  Resolution  Compl.       Average     I/Sigma  I/Sigma

 

Chi**2  R-fact  Overload
Strategy : Best : Lower Upper     %   Intensity  Sigma         /Chi             %        %
Strategy : Best : -------------------------------------------------------------------------------
Strategy : Best : 12.00  7.82   95.0 36464.7     735.5    49.6 46.8    1.12     2.0    0.00
Strategy : Best :  7.82  6.23   97.0 18329.1     382.5    47.9 41.5    1.33     2.4    0.00
Strategy : Best :  6.23  5.33   98.0 14530.4     315.8    46.0 36.7    1.58     2.7    0.00
..
Strategy : Best :  2.45  2.38   99.0   617.8     179.1     3.4 3.1    1.20    24.1    0.00
Strategy : Best :  2.38  2.32   99.0   519.1     183.9     2.8 2.6    1.15    28.6    0.00
Strategy : Best :  2.32  2.26   99.0   440.1     189.1     2.3 2.2    1.11    33.9    0.00
Strategy : Best :  2.26  2.21   99.0   365.2     194.7     1.9 1.8    1.09    40.7    0.00
Strategy : Best : 12.00  2.21   99.0  5684.9     229.8    24.7 17.7    1.96     5.4    0.00

XDS : 
SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION
RESOLUTION     NUMBER OF REFLECTIONS    COMPLETENESS R-FACTOR  R-FACTOR

 

COMPARED I/SIGMA   R-meas
LIMIT     OBSERVED  UNIQUE  POSSIBLE     OF DATA   observed  expected                           

10.00         502     240       263       91.3%       2.0%  3.0%      425   31.25     2.6% 
9.00         207      90        93       96.8%       2.2%  3.0%      176   32.01     2.7% 
8.00         323     149       150       99.3%       2.1%  3.2%      278   30.60     2.6% 
7.00         516     239       241       99.2%       2.0%  3.3%      439   28.53     2.6% 
6.00         937     419       428       97.9%       2.6%  3.4%      802   27.63     3.2% 

..
2.50       10249    4617      4639       99.5%      14.9%  15.0%     8665    4.39    18.5% 
2.30       10146    4598      4622       99.5%      25.9%  26.3%     8580    2.56    32.4% 
2.20        6085    2848      2913       97.8%      31.6%  31.9%     4984    1.97    39.4% 

total       51356   23400     23682       98.8%       4.9%  5.4%    43259   10.39     6.0% 
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PROBLEM 

Irradiation crystal volume VS Phi ????

1. sample > beam

2. Beam profile  and crystal shape?
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flux=6e11,dose_rate=1.29e4
25° (50 images) of rotation provides complite data set 
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