A Light for Science

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

P Data guality '

Completeness Resolution Statistics
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What the data 15 goimg o he used for?

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 A Light for Science

Large cell parameters

Weak diffraction intensity — light atoms
Poor crystal quality — big B-factor
Background intensity > diffraction intensity

+ reflection intensity
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m-(m-+n)
O-I — I + Ib ¢ * G
p p n
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. Kjns is @ proportionality constant for the instrument-error
term
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Radiation Damage A Light for Science

Photon interaction Henderson limit - 2 10’ Gy .
with soft matter specific damage

100A_ 1000 A

Auger electron e Pholoelectron
(0.25 kaV) cancace {12 kaV)

Ziaja et. al, 2000-2002

- 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
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ALCOHOL DEHYDROGENASE

ID23-1, A=0.973 A, Flux=2.5 1012
resolution =1.45 A, Ap=1°, t exposure=0.2 s,
Space Group :C121

Cell :148.7 53.6 76.5 90.0 103.6 90.0
Mosaicity 1 0.40 degree
©=0° ©=90°
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ALCOHOL DEHYDROGENASE A Light for Science
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ALCOHOL DEHYDROGENASE A Light for Science

Relative Intensity VS. PHI

Relative Intensity
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ALCOHOL DEHYDROGENASE A Light for Science

<I>/<Sigma(l)> per every 5 dg. Vs. Phi

no radiation damage

6

55 Resolution shell 1.52-1.50 A
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A Light for Science

<I>/<Sigma(l)> per every 5 dg. Vs. Phi
45 ALCOHOL DEHYDROGENASE
’ Resolution shell 1.52-1.50 A
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ALCOHOL DEHYDROGENASE

Resolution shell 1.52-1.50 A

A Light for Science
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A Light for Science

BEST Optimal Plan of data collection
3,5 - N| Phi_start| N.of.images| Rot.width| Exposure - 80
1 0 0.80 ’
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3 17970 25 0.60 0.21
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6 21470 15 0.35 057 .
7 21995 16 030 099
8 22475 12 0207 177
1 60
2,5 T [~ °\°
)
A 150 &
=
= 2 4 £
g 2
& a0 2
3 ol s
Z 1,5 - ._,D E
v +30 5
<
3]
8
1 ©
+ 20
0,5 - 1 10
0 T T T T T 0
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
Exposure, s
European Synchrotron Radiation Facility A.Popov




The probability density function for diffraction intensity magnitudes follow the

Wilson distribution

According to Wilson statistic J \
(J )_ -eXp —= ) Acentric reflections
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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.

J(h)= L J,(h)-Exp(-h-B-h")
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A Light for Science

Average standard uncertainty of the observed squared structure factors for a sampled volume

v is approximated by:

- 1
O, (h, (0) zﬁ

Sl 3+, 7P 1)+ 90 i, )0

i=1 o
k (h é/ q)) — GkbAq)(AS2 PApsw+pdarka}+ preadouta)2 /A(D)
orE (LPA)?2
Gw
k1 (h,f, @) :ﬁ the contribution of peak counting statistics

k2 = kins the contribution of the instrumental error

Scattering background
component

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:

interval
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M is the mean redundancy of the
measurements in the total rotation
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A Light for Science

merging equivalents
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A Light for Science

Radiation Damage suk mx, cryo-T)

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

e overall Debye-Waller factor (B) grows by 1 A2 per 1 MGy
e Luzatti isomorphism factor (Log 0,) decays by 0.1 A2 per 1 MGy

Kmetko et al. (2006) Owen et al. (2006) Popov et al. (2006)
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Radiation Damage Modelling in BEST

1. Intensity decay: Mz e_ZEDS ~ g 208

1"
—— Wilson plot, Dose = 0.5 MGy
10 —a— Average Intensity, Dose = 0.5 MGy
- - - Wilson plot, Dose = 30 MGy
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A Light for Science

Non-specific Radiation Damage model:
Atomic Debye-Waller factor variation with Dose

B (A?)
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* Derived from the series of refined structures as a function of Dose @ constant I/Sigl/resolution
* Not visible in electron density maps (other then blurring)
* Generates extreme non-isomorphism (>70% in R.?)
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Radiation Damage Modelling in BEST

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

variation with Dose
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A Light for Science

25
Instrument limit
20
BEST model,
no damage
A 15 Absolute limit
- R R e SR R R LR R
@
v
10
BEST model,
damage included
5
o 1 1 U T A 1 1 1 U T T | 1 1 1 T | 1 1 U T T |
0,01 0,1 1 10 100
exposure time [sec/degree]
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A Light for Science

Insulin data collection

6,0 -
wedge=5°
Ap=1°
5.0 resolution shell =1.55A + 1.50 wedge 1
, ——wedge 2
t,=0.48 s
——wedge 3
4,0 1 t,=0.36 s - wedge 4

I/ISigma(l) Target =2.6

<I>/<Sigma(l)>
) »
o o

-
o
1

0,0 . — . :
0,01 0,1 1 10 100
Exposure, seconds/degree

Graphical solution of the equation
at resolution 1.5 A and fixed rot.
width for 5° sequential rotation
wedges.
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O Initial Images

MOSFLM XDS DENZO

O

Beamline Flux
Crystal contents

‘ Absorbed dose

<mmmm | Find optimal crystal orientation
RADDOSE | | Estimate data statistics

Space group, Cell parameters, Orientation, Mosaicity

I [(h ’ k, |), Texposu re)] ' I background

Optimize data collection

Optimize SAD data collection

Geometry
Optimal starting spindle angle and scan range
Maximum rotation angle without spot overlap
Optimal Multiplicity

Statistics calculation

Reconstruction of average intensity vs. resolution
Statistics modeling based on Wilson distribution

Radiation damage modeling

Optimal plan(s) of data collection

Statistics
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Choose function

Interface:CCP4l1 BEST

Tille [BEST 3.2.0.z
Run BEST lo Topti

mosflm dat in

Change Symimetry

Dose rate |4.1 * 10"5

Maximum resolution [3.5

Total rotation range  auto

Qurpert piaer paranelors

Save strategy to file

Input from b optimize data collection
find optimal crystal orientation

rihestfile dat Broswse g |
check minimum Rfriedel versus resolution

mosfim parin g imize SAD data collection

hid #1in  Full find optimal crystal orientation for SAD Lfile.hid Browse s |

estimate data statistics

Exposure time to reach 2*10~7 Gray = 48.78 sec = 0 hrs : 0 min : 48.78 sec
the last shell = [0
Minimize exposure time, and limit it to
for completeness = |0.99 and
Minimum rotation rangefframe, deg: |0.05

Complexity level of data collection stratagy

Mazimum scan speed, degisec:

Run

European Synchrotron Radiation Facility

Edit list —~ | Add input hkl file |
-
Preset counts Read-outs |1
|
Shape factor (1.0 Susceptibility |1
-
Anomalous data
sec
|
redundancy
-
few lines {recommended for DC GUI's users)
-

2 ” time fimii

Minimum exposure imefframe, sec:

show graphs

zhestfile.par Brovse Wiew |

Save or Restore  — Close |
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A Light for Science

Optimal Plan of data collection

Resolution liwit is set by the radiation damage

1 180.00 183 0.30 33.16  1e2.1 No
2 234.90 76 0.20 67.89 1e2.1 No
Resolution limit : 1.87 mngstrom

Anomalous data ! Yes

Phi_start - Phi_finish : 180.00 - 250.00

Total rotatiom range : 70.1 degree

Total N.of images : 259

Overal Completeness : 992y

Redmndancy : 2.3

R-factor {outer shell} s hLos [ 232

I/Sigma {outer shell) : 20.3 ¢ 4.3)

Rel.decrease of intensity : 0.200 for omter resolution shell
Total Exposure time : 2249.7 sec { 0.625 hour)

Total Data Gollection time : 5098.7 sec { 1.416 hour)
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A Light for Science
Data collection statistics according to the plan

Resolution Compl. Averarge I/Sigma I/Sigma Chi**2 R-fact Ranom Owerload
Lower Upper % Intensity Sigma stat /Chi % % %
12z.00 7.15 94.5 16009.6 611.2 26.2 25.5 1.06 3.8 3.7 0.02

7.15 5.57 97.6 8635.2 342.5 2L.2 23.9 1.11 4.0 4.7 0.00

5.7 4.72 97.2 11871.6 471.7 2L.2 22.9 1.20 4.2 5.3 0.00

4.72 4.17 97.3 15338.3 612.9 25.0 22.0 1.30 4.4 5.9 0.00

4,17 3.78 97.6 12968.2 522.9 24.8 21.0 1.40 4.7 6.5 0.00

3.78 3.48 97.4 10315.0 418.7 24.6 19.8 1.54 4.9 6.9 0.00

3.48 3.24 98.0 7715.0 318.4 24.2 18.7 1.68 5.3 7.4 0.00

3.24 3.04 98.1 5434.8 231.0 23.5 17.5 1.82 5.6 8.0 0.00

3.04 2.88 98.9 3988.7 174.2 22,9 16.5 1.93 6.0 8.3 0.00

2.88 2.74 98.4 2988.1 138.4 21.6 15.0 2.07 6.6 8.8 0.00

2.74 2.62 98.9 2391.1 117.2 20.4 14.2 2.08 6.9 9.2 0.00

2.62 2.51 99.5 1989.6 104.8 19.0 12.9 2.15 7.5 9.8 0.00

2,51 2.42 99.5 1690.5 95.8 17.6 12.1 2.14 8.1 10.3 0.00

2.42 2,33 100.0 1487.5 90.1 16.5 11.3 2.12 8.7 10.7 0.00

2.33 2.26 100.0 1308.6 86.9 15.1 10.4 2.09 9.3 1.1 0.00

2.26 2.19 100.0 1157.2 84.2 13.7 9.7 2.01 10.0 11.8 0.00

2,19 2,12 100.0 982.7 81.5 12.1 8.8 1.86 10.9 1z2.2 0.00

2.12 2.07 100.0 843.6 79.3 10.6 8.0 1.77 11.9 13.0 0.00

2.07 2.01 100.0 687.1 77.8 8.8 7.0 1.60 13.6 14.1 0.00

2.01 1.9 100.0 550.9 76.0 7.2 6.1 1.43 15.5 16.4 0.00

1.9 1.92 100.0 433.0 74.1 5.8 5.1 1.32 18.5 17.5 0.00

1.92 1.87 100.0 340.3 75.4 4.5 4.1 1.20 22.1 20.4 0.00

A11 data 99.2 3437.7 1695.0 20.3 15.5 1.73 5.9 7.6 0.00

R-fact = SUM (ABS{I - <I>)) / SUM (I}

Chi**2 = SUM { (I - <I>} ** 2} / (Exror ** 2 * N / (N-1) ) )
measure of the non-isomorphism due to radiation damage

Ranom = SUM (ABS{<I+> - <I-:>)}) / SUM {<I+> + <I->)

measure of the statistical discrepancy between anomalouns pairs
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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

Total dose 2.1 107 Gy XDS, data statistics

4500 ¢
BEST, strategy+predictions 4000 £
= = = = N 3500 F M

W| Fhi_start] M.of.ieages| Bob.width] Expnsure |0 stance| feeelop| = E
1 so.00 17 0.30 0.90  306.9 N ?_ 3000 F
2 05.10 a5 a.55 2,26 06,9 5 7] E
EE 5 i HE i
4 5 . L1 F

£ 2000 7‘ 70% data
g’ 1500 F

E 1000 ; 40% dose
k7 500 E
E-3 E

: T S S S S
G SR A 0 0 o 10 0 10 160
ime : 1115.3 see (0310 hour) i
Nata collmcbiom stalixbics according bo the plan splndle angle (o)

i) Gt o Gy | HER ';f;‘?-' (o LRl Lagdtd] SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= -3.0 AS FUNCTION OF RESOLUTION

ool ke RESOLUTION NUMBER OF REFLECTIONS  COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SIGMA
12,00 7.1 907 20979 g7sed 5.9 1o 11y [ | oo LINIT OBSERVED UNTQUE POSSIBLE OF DATA  observed expected
7.81 5.63 99,1 4EI7.1 1332 36.b 3.7 1.33 3.9 0.0
E.63 4.78 98.3 E9056.4 1590.0  37.1 2.6 1.57 4.3 0.00
4.70 4.22  100.0 719152 19169 375 260 1.95 4.0 0.00 12.00 766 265 370 71.6% 3.2% 4.1% 766 26.59
4.2 382 99.3 59167 1sams 37.s  2sa zad | 53 | oo 5.63 8749 2656 2718 97.7% 3.3% 4.4 8749  25.93
3.02 13.52 99.4  42062.0 1109.2  36.0 2.7 2.51 5.9 0.00
78 I8 S St uEE oEEoEI OEm Ll oom 4.22 13255 3980 4033 98.7% 4.0% 4.5% 13255 25.92
328 308 995 1omE4 .9 3.2 1as 237 [ 7.3 [ olm 3.52 16942 4918 4954 99.3% 4.2% 4.87 16942  23.74
3.06 228 9.5 1MELE 4065 7.3 16 270 } 81} 000 3.08 20222 5766 5784 99.72% 5.1% 5.5% 20222 19.22
376 5% 100 e s B3 1o B 1oz 0w 2.78 20980 6252 6258 99.9% 7.8% 8.0% 22280 13.39
g.g: 332 %g 51-1;.3 ﬁ::. }i": 12.; }':i }%.g ﬂ% 2.54 26218 7342 7347 99.9% 11.5% 11.8% 26218 9.51
e ] g gl : ! : 2 I 2.36 27112 7564 7577 99.8% 18.3% 1912 27112 6.40
% En Moh i W OOy iy 181 AR 2.22 27554 7717 7725 99.9% 26.0% 25.6% 27554 __4 88
2.29 292 100.0 2756 4648 z 2 0.00 2.09 19409 7758 9112 85.1% 34.3% 34,02 19409
H B o 2508 B [ B = ]| e total 182507 54218 55878 97.0% 6.2% 6.8% 182507 L
All data 990 16040.4 609.7 6.2 3.4 6.0 0.02

]

R-fact = SIM (ARS(T - «T3)) / SIM (T}
Chi** = SUM { (I - <I») ** 2) f {Error ** 2 * N / (H-1} ) )
weasure of the non-isesorphise due to radiation dasage

Chi2, R, calculations involve Non-Isomorphism model
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Total dose 16 MGy A Light for Science

BEST data collection, SCALEPACK Constant rotation, SCALEPACK

Shell Lower Upper Average Average Morm. Linear Square

e . Shell Lower Upper Average Average Morm. Linear Sguare
11m1t99 Ogﬂgﬁsfgg s3482 jI_ SI_;DQ ;gztg E;Nfgé g’g:i g’g;g limit Angstrom I  error  stat. Chi**Z R-fac R-fac
: . : . : : . : 99.00 4.27 98916.7 2230.3 1419.7 3.276 0.057 0.067

4,36 3.46 25783.8 973.8 5947.2 2.Z79 0.045 0.0l
3.4 3.02 141753 563.7 344.3 2.350 0.054 0.059 427 3.39 5G167.5 23185 1432.3 3.514 0.081 0.070
30z 2.7% 8797.3  389.8  265.1 Z.206 0.061 0.086 3.39 2.9% 30337.1 4318.4 883.z 3.581 0.074 0.077
275 DES BIT4 3144 2374 7.103 0.088 0.073 2.96 2.69 19345.7 949.6 689.0 3.316 0.081 0.085
7eR  7.40 478003 ZE6.1  210.9 1.373 0.077 0.081 2.69 2.49 13434.0 748.4 579.1 3.026 0.093 0.095
740 2.28 3973.5 243.3  200.7 1.862 0.085 0.087 2.49  2.35 10232.7 @62.1 54Z.7 2.799 0.108 0.108
2,28 2.18 3339.1 232.8 199.3 1.831 0.007 0.008 2,35 2.23 8489.8 B535.8 543.14 2.598 0.127 0.1Z6
248 2.10 3001.2 232.6 204.4 1.68L 0.104 0.106 2.23  Z.13 7483.7 B637.1 559.1 2.471 0.147 0.152
2.0 2.02 2479.7 224.5 203.5 1.546 0.120 0.173 2,13 2,09 6420.3 644.3  580.§ 2.199 0.170 0.175
2,02 1.96 2057.6 219.5 203.8 1.471 0.137 0.143 2,09 1.98 9287.1 638.3 991.¢ 1.984 0.204 0.z2z1
1.6 1.90 1%82.7 z240.1 199.5 1.370 0.167 0.173 1.9¢ 1.92 4107.3 637.0 603.6 1.734 0.254 0.280
1.90 1.85 125%.8 203.2 195.7 1.305 0.202 0.206 1.92  1.86 3194.9 635.4 612.1 1.621 0.325 0.364
1.85  1.81 1023.9 499.1 193.7 1.280 0.243 0.253 1.86 1.81 2514.2 636.4 619.9 1.492 0.412 0.451
1.8 1.77 8325 495.6 491.7 1.240 0.292 0.295 1.81  1.77 2053.0 648.6 637.4 1.401 0.519 0.563
1.77  1.73 6&9%.2 195.4 1926 1.210 0.351 0.356 1.77  1.73 1880.9 66z2.7 653.7 1.345 0.667 0.714
1.73  1.70 6le.3 196.7 1944 1.470 0.396 0.403 1.73  1.69 1482.4 B89.0 681.7 1.295 0.779 0.855
1.70 1.66 562.9 499.6 197.7 1.176 0.436 0.434 1.69 1.66 1341.0 720.7 7i4.6 1.251 0.305 0.373
All reflections  4207.4  298.3  242.0 1.223 0.049 0.034 A11 reflections 93737  861.1  740.2 1.935 0.118 0.090

—e—BEST
—a— oconstant rotation

# strong reflections

6 1 16 21 26
spindle angle (°) Pseudo-precession images, I/Sigl distribution in {hk0} plane

European Synchrotron Radiation Facil A.Popov

A Light for Science

45 -
+ Optimal data collection plan
40 Total exposure time: 44 s, Dose = 17.6 MGrey
PHI start N.of images  Rot. Width Exposure
136.0° 19 0.8° 0.59s
35 151.2° 5 0.8° 1.04s
1552 8 0.8° 1.75s
161.6° 4 0.8° 3.79s
30 +
X
o 25 1
Usual data collection
T 20 - O Total exposure time: 44 s, Dose = 17.6 MGrey
14 PHI_start N.ofimages Rot. Width Exposure
136.0° 36 0.8° 1,22s .
: — BEST prediction
15 A
A SCALA result
10 — BEST prediction
© SCALA result
5 -
[} T T T T T T T T d
(1] 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18

1/d~2, 1/A2

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 A 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

Data collection statistics according to the plan

A Light for Science

Resolution Compl Average I/Sigma I/Sigma Chi**2 R-fact Ranom Overload
Lower Upper % Intensity Sigma stat /Chi % % %
12.00 7.15 94.5 16009.6 611.2 26.2 25.5 1.06 3.8 3.7 0.02
7.15 L5.57 97.6 8635.2 3425 25.2 23.9 1.11 4.0 4.7 0.00
5.57 4.72 97.2 11871.6 471.7 25.2 22.9 1.20 4.2 5.3 0.00
4.72 4.17 97.3 15338.3 612.9 25.0 22.0 1.30 4.4 5.9 0.00
4.17 3.78 97.6 12968.2 522.9 24.8 21.0 1.40 4.7 6.5 0.00
3.78 3.48 97.4 10315.0 418.7 24.6 19.8 1.54 4.9 6.9 0.00
3.48 3.24 98.0 7715.0 318.4 24.2 18.7 1.68 5.3 7.4 0.00
3.24 3.04 98.1 5434.8 231.0 23.5 17.5 1.82 5.6 8.0 0.00
3.04 2.88 93.9 3988.7 174.2 22.9 16.5 1.93 6.0 8.3 0.00
2.88 2.74 98.4 2988.1 138.4 21.6 15.0 2.07 6.6 8.8 0.00
2.74 2.62 98.9 2391.1  117.2  20.4 14.2 2.08 6.9 9.2 0.00
2.62 2.51 99.5 1989.6 104.8 19.0 12.9 2.15 7.5 9.8 0.00
2.51 2.42 99.5 1690.5 95.8 17.6 12.1 2.14 8.1 10.3 0.00
2.42 2.33 100.0 1487.5 90.1 16.5 11.3 2.12 8.7 10.7 0.00
2.33 2.26 100.0 1308.6 86.9 15.1 10.4 2.09 9.3 11.1 0.00
2.26 2.19 100.0 1157.2 84.2 13.7 9.7 2.01 10.0 11.8 0.00
2.19 2.12 100.0 982.7 81.5 12.1 8.8 1.86 10.9 12.2 0.00
2.12 2.07 100.0 843.6 79.3 10.6 8.0 1.77 11.9 13.0 0.00
2.07 2.01 100.0 687.1 77.8 8.8 7.0 1.60 13.6 14.1 0.00
2.01 1.9 100.0 550.9 76.0 7.2 6.1 1.43 15.5 15.4 0.00
1.9 1.92 100.0 433.0 74.1 5.8 5.1 1.32 18.5 17.5 0.00
1.92 1.87 100.0 340.3 75.4 4.5 4.1 1.20 22.1 20.4 0.00
A1l data 99.2 3437.7 169.0 20.3 15.5 1.73 5.9 7.6 0.00

SAD optimization

Minimum of
noise only, no anomalous scattering itself:
decay, non-isomorphism
exact pair-vice dose differences for Bijvoet mates

European Synchrotron Radiation Facility

is a target

merging equivalents

1102 g2,=1/02,+ 1/02, +...+ 1/0?,

A Light for Science

<E?>, = 022, (E?,/0%+ E2,/02%, +...+ E2 [0?))
a N
1/62. ) T 02 (102, )
+1/0%, 1 +1/02
+1/02,, g 2t
0"P (D)) 057°(D) +
CorrRP (|D:-D. +1/02,,
+1/02,, (Beoi) 02, ke
: £1/02,,
+1/02,, 0?, o
~ _/
~p A2 -1 +- 1
Shalia 2(n - = Ao
A 2 — _|_jC“O_ o + 4+ += 02 —62 N anom,i
( anom )k IZZ O_iz O'j2 ijCbi%b| +1 72'( —) Ranom = 2|A
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SAD optimization A Light for Science

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

Resolution RFriedel(%) 1/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

turopean Synchrotron Radiation Facility A.Popov 85}

A Light for Science

Rfriedel vs. resolution
20 + .
24 A
18 4
16 4
14 4

12 4

10 1

| e

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18
1/d*2,

Rfriedel, %

30A
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Testing: multiplicity dependency

0.25

0.2

0.15

0.1

Correlation

0.05

3.3A

11 SeMet/400 a.a.
Total Dose 3.6 107 Gy
Constant rotation

European Synchrotron Radiation Facility

Last Shell Statistics

RFriedel

10 15 20
BEST

optimum

A.Popov

A Light for Science

Minimum of R ;.. = <|<E?'>

ok
1.0E+08

European Synchrotron Radiation Facility

SAD optimization
<E?>|> is a target

Dose>30 MGy

Dose>2 MGy

1.0E+07
Dose [Gy]

1.0E+08

A.Popov




A Light for Science

SAD optimization

Minimum of R, 4 = <|<E?*>-<EZ2->|> is a target

Dose, [Gy]
0.E+00 5.E+06 1.E+07 2E+07 2E+07 3.E+07 3.E+07 4.E+07
18
16 ——RDmodel ON |
14 ——RD model OFF | |
X 12 ‘ ‘
3 10 o
2 ] ! —
-2 8 'Gradualy increasing 0
L 5 'exposure time (overall 7%
4 B idecay compen§at|on)
4 : —
2 L
0 | |
0 5 10 15 20 25
Multiplicity
turopean Synchrotron Radiation Facility A.Popov 39

Simulation,

constant rotation

o

o
[~ I

ast shell

el

ML
- s

Data collection, -~ & 009 P Data collection,
constant rotation 007 | L + compensation
T Simulation,
005 + compensation
15E+06 6.5E+06 12E+07 17E+07 22E+07 27E+07 3.2E+07
Dose, [Gy]
Data set 1 2
Correlation |DANO|,|FH| .,
last shell, 3.3A | 0.09 | 0.17
overall, 20-3.3A | 0.26 | 0.38

European Synchrotron Radiation Facility
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PROBLEM - A light far Science

1. sample > beam

Irradiation crystal volume VS Phi ????

S

2. Beam profile and crystal shape?

015
0.1

dix.y)

005

o . \\ A
5 ,,, c, .'. J 3 .“ .:\‘ %

European Synchrotron Radiation Facility

A Light for Science

Relative drop of average intensity vs. radiation dose

(BEST predictions and SCALA data)
1 -
.y ””"‘0000000000“‘ as6:0 A
0,8 _ [LT T LTTT LT P
2
7]
=
flé
= g5 d=3.0 A
Q
2 & scala scale
ko] = scala scale
— X scala scale
i best model
& 0,4 = best model
best model
@ best B and scale estimate
o best B and scale estimate
m best B and scale estimate d=1.9 A
0,2 ID14-4 ESRF ]
data collection from cytochrome c nitrite reductase (P213,
a=194.4 A)
Resolution=1.89 A, rot.width=0.5°, exposure =8 s,
flux=6e11,dose_rate=1.29e4
25° (50 images) of rotation provides complite data set
0 T T T T T 1
0,0E+00 2,0E+06 4,0E+06 6,0E+06 8,0E+06 1,0E+07 1,2E+07
dose, Gy
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