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Counting statistics is the major factor affecting the overall data statistics. It is mostly
governed by the background (rather than the peak) counting statistics.
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The probability density function for diffraction intensity magnitudes follow the Wilson distribution

According to Wilson statistic
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o Radiation Damage Modelling in BEST

1. Intensity decay:
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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.




Beamline Flux
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Shape factor

Susceptibility factor

Space group, Cell parameters, Orientation, Mosalcity I/Sigma or max
Absorbed dose |[(h,k,|), Texposure)]’ Ibackground

BEST 3 1<— redundancy
Geometry
i1 ik

Resolution

Anomalous

Total time or dose

Geometry
Optimal starting spindle angle and scan range
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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

Plan(s) of d:;ta collection

Statistics
B-factor
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806 %! Run BEST3.0 data collection strategy

Title BEST 3.1.0a

Run BEST to optimize data collection . ; 8 show graphs

Input from HﬁSFLH - T “

mosfim datin  xdstest |ppe.dat Browse | View |

mosfim parin  xdstest _|ppe.par Browse [ View ]

hkl #1in  xdstest - ,Ippe__I_I_lkl Browse [ View ]
Edit list ~ | Add input hid file |

_| Change 3Symmetry

Reference lmage paranelers u

Detector mccd225 — | Exposure time (sec) 32.4¢ | Preset counts Read-outs I

Radliation dairage paranelers o

E Enable radiation damage corrections

Dose rate 0.5 " 10%4 — | Grayfsecond Shape factor 1 Susceptibility

tse BADDOSE -
Major aplimization paramelers - . L
Target <l=/=3igl= in the last shell = 2.0 _| Anomalous data
Maximum resolution 1.590130 Angstrom
Minimize exposure —  time, and limit it to - sec
RGIRI0N Iape paranelers L
Total rotation range auto  — |
for completeness = 0.99 &ni - auto - ir&dundanr:y
Minimum rotation range/frame, deg: 0.05
Output plan parameters -
Complexity level of data collection stratagy few lines (recommended for DC GUI's users) = |

| Save strategy to file .
Rotalion speediexpostre flime limilalions L

Maximum scan speed, degfsec:  unlimited |

Minimum exposure time/frame, sec:  unlimited —

Run ~| Save or Restore  — Close




Tar WYY TY T sk b i - . -

mosfim parin  xdstest — ppe.par Browse | View

hkl #1in  xdstest — |ppe_1.hkl Browse | Mew
Edit list ~ | Add input hK file

_| Change Symmetry

Reference lmage paramelers -

Detector mccd2Z25 —  Exposure time (sec) |5f;£ _| Preset counts Read-outs l.1

Radkation damage paramelers -

B Enable radiation damage corrections

Dose rate 0.5 ~* 10~4 — | Grayisecond Shape factor 1 Susceptibility [1.5

Use RADDOSE |

Crysiaf celf & symmerry :

Unit Cell: |50.02  [57.80  74.41  [90.000 (90.000 90.000  Space Group F21212

Crysiaf composition:

Monomers in assymetric unit:

Amino acid residues per monomer:
DNA nucleotides per monomer: |
RNA nucleotides per monomer: [
Bound feavy afoms.

Atom: S # per monomer

Sofvent composifion:

Atom: Concentration: mM

Crysial chmensions (cross rotation axis!)
Incident X-ray beam:

Run

-]

;| X

Edit list

~ | Add heavy atom |

Edit list

~| Mdatnm:l

micron

Save or Restore -

Gose |




%/ Run BEST3.0 data collection strategy

Title BEST 3.0
Input from HKL/DENZO — |
image in  Full path.. — |/M/sasha/BEST3.0/pp_3_001.mccd ~ Browse | view |
x#1in  Full path.. — |M/sasha/BEST3.0/pp_3_001.x Browse | View

Edit list ~ | Add input x file
| Use sca file
M Chango Sywentry OHIGMAL = |
Reference lmage paramelers w
Detector  ccd “ | Exposure time (sec) :ﬁ Dose mode ® dose {kHz-sec) |200{(| Read-outs i1_
Radiation dose/damage paramelers -
Gray per Second 0.005 x10e6 Gray/second Shape factor 1.0 Susceptibility factor 1.0
Select Task -

Check Statistics — | Show Graphs =
Task paramelers |
bstinput PROJECT — pp_3_001_planz.bst Browse | View |
Reset |
Attenuation: [1.000000 Resolution: 2.187622 ™ Anomalous Data
#wedge Start Phi | #frames | Width | Exposure
1 85.00 62 080 21226
z 134.60 27 0.55 4.8796
3 149.45 12 0.40 11.2471
Edit list ~| Add wedge ||

Hardhware limitations " |

Run - Save or Restore — Close |




Optimal Plan of data collectiom

Resolution limit 1s set by the radiation damage

Attermation = 1.0000

1 180.00 183 0.30 33.16 162.1 No
2 234.90 76 0.20 67.89 162.1 No

Resolution limit
Anomalouns data

Phi_start - Phi_finish
Total rotation range
Total N.of images

Overal Completeness
Redundancy

R-factor {outer shell}
I/S51gma {outer shell})
Rel.decrease of intensity
Total Exposure time

Total Data Collection time

: 1.87 Angstrom

: Yes

: 180.00 - 250.00
: 70.1 deqgree

: 2539

: 99.2%

: 2.31

: 5.9 0 23.2%)
: 203§ 4.3)

: 0.205 for outer resolution shell
: 2249.7 sec { 0.625 honr)
: 5098.7 =ec

1.416 hour)



Reletive Intensity
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Data collection statistics according to the plan

Resolution Compl. Average I/S51igma I/Sigma Chi**2 R-fact Ranom

Lower Upper % Intensity Sigma stat /Ch1

12.00 7.15 94.5 16009.6 611.2 26.2 25.5 1.06
7.15 5.57 97.6 8635.2 342.5 25.2 23.9 1.11
5.57 4.72 97.2 11871.6 471.F7 25.2 22.9 1.20
4.72 4.17 97.3 15338.3 612.9 25.0 22.0 1.30
4.17 3.78 97.6 12968.2 522.9 24.8 21.0 1.40
3.78 3.48 97.4 10315.0 418.7 24.6 19.8 1.54
3.48 3.24 98.0 F7715.0 318.4 24.2 18.7 1.68
3.24 3.4 98.1 5434.8 231.0 23.5 17.5 1.82
3.04 2.88 98.9 3988.7 17a4.2 22.9 16.5 1.93
2.88 2.74 98.4 2988.1 138.4 Z21.6 15.0 2.07
2.74 2.62 98.9 2391.1 117.2 20.4 14.2 2.08
2.62 2.51 99.5 1989.6 104.8 19.0 12.9 2.15
2.01 2.42 99.5 1690.5 95.8 17.6 12.1 2.14
2.42 2.33 100.0 1487 .5 90.1 16.5 11.3 2.12
2.33 2.26 100.0 1308.6 86.9 15.1 10.4 2.09
2.26 2.19 100.0 1157.2 84.2 13.7 9.7 2.01
2.19 2.12 100.0 a982.7 81.5 12.1 8.8 1.86
2.12 2.07 100.0 843.6 79.3  10.6 8.0 1.77
2.07 2.01 100.0 687.1 77.8 8.8 7.0 1.60
2.01 1.9 100.0 550.9 76.0 7.2 6.1 1.43
1.96 1.92 100.0 433.0 74.1 5.8 5.1 1.32
1.92 1.87 100.0 340.3 75.4 4.5 4.1 1.20
A1l data 99.2 3437.7 169.0 20.3 15.5 1.73

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

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

Ranow = SUM (ABS{<I+> - <I->)) / SUM {(<I+> + {I->)

measure of the statistical discrepancy between anomalons pairs



Additiomal informatiom

Blind region for given crystal orientation

Relative n.of mwwmeasarable migue reflections : 0.00%
Scaling

Relative scale : F.01

Overall B-factor 1 19.47 Angstrom™2

B-factor eigenvalues : 18.36 18.36 22.15 Angstrom™2

Resolution ¥s. measurement time/dose

(Max.resolution 15 restricted by the radiation damage)
Parameters used for calculations:
Phi_start = 180.00 degree Phi_finish = 250.00 degree
Overall Cowmpleteness = 99.30% and Redwndancy = 2.31

Resolution |Enmp1.|Rﬂdundlﬂataﬂul_?ime |Expnsure_?imE|IfIn | Rdamadge | Attermation]

[ fngst. ] : % : : h: min : h: min : : : :
12.00 7.15 | 94.5| 2.48 | 0: 6.11 | 0: 0.24 |1.000] 0.002 | O.2ZE+00 |
7.15 5.7 | 97.6] 2.38 | 0: 6.11 | 0D: 0.24 |1.000] D.006 | O.3E+00 |
.57 4.F72 | 9F7.2) 2.48 | 0: 6.11 | 0: 0.24 |1.000] 0.006 | O.Ze+00 |
4.72 4,17 | 97.3] 2.34 | 0: 6.11 | 0: 0.24 10.999] 0.007 | O.3e+00 |
4.17 3.78 | 97.6] 2.36 | 0: 6.65 | 0: 0.23 10.999] 0.009 | O.4e+00 |
3.78 3.48 | 97.4] 2.34 | 0: 6.29 | 0: 0.24 10.999] 0.012 | O0.5e+00 |
3.48 3.24 | 98.0] 2.28 | 0: 6.29 | 0D: 0.24 |0.998] 0D.016 | O0.8e+00 |
3.24 3.04 | 98.1) 2.20 | 0: 6.51 | 0: 0.28 |10.996] 0.021 | O.1E+01 |
3.04 2.88 | 98.9] 2.34 | 0: 7.01 | 0: 0.41 10.993] 0.027 | O0.1E+01 |
2.88 2.74 | 98.4) 2.31 | 0: 7.18 | 0: 0.58 |10.989] 0.034 | O0.1E+01 |
2.74 2.62 | 98.9] 2.37 | 0: 7.54 | 0D: 0.76 |0.984] D.040 | O0.1E+01 |
262 2.51 | 99.5 2.31 | 0: 8.53 | 0: 1.01 |0.977] 0.048 | O0.1E+01 |
2.51 2.42 | 99.5] 2.27 | 0: 9.73 | 0: 1.30 |10.968] 0.057 | O0.1E+01 |
2.42 2.33 | 100.0] 2.35 | 0:11.08 | 0: 1.55 |0.959] 0.065 | O0.1E+01 |
2.33 2.26 | 100.0] 2.29 | 0:12.76 | 0: 1.94 |10.945] 0.075% | O0.1E+01 |
2.26 2.19 | 100.0] 2.30 | 0:14.34 | nD: 2.42 |0.928] 0D.086 | O0.1E+01 |
2.19 2.12 | 100.0] 2.31 | 0:18.39 | 0: 3.17 |0.901] 0.102 | O.1E+01 |
2.12 2.07 | 100.0] 2.26 | 0:20.30 | 0: 4.16 |0.866] 0.120 | O0.1E+01 |
2.07 2.01 | 100.0] 2.28 | 0:23.18 | 0: 5.95 |0.805] 0.147 | O0.1E+01 |
2.01 1.9 | 100.0] 2.32 | 0:28.73 | 0D: 8.93 |0.709] 0.184 | O0.1E+01 |
1.96 1.92 | 100.0] 2.28 | 0:44.22 | 0:15.62 |10.533] 0.247 | O0.1E+01 |
1.92 1.87 | 100.0] 2.30 | 1:24.98 | 0:37.50 |0.205] 0.383 | O0.1E+01 |
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Resolution 2.1 A [ Resolution 1.65 A [




Initial Images

Beamline Flux
MOSFLM XDS DENZO
| | L
I/Sigma or max
RADDOSE Space group, Cell parameters, Orientation, Mosaicity

I[(h’k'l)’ Texposure)]’ Ibackground Resolution
Absorbed dose Anomalous
Gray per second Redundancy
Shape factor Geometry
Susceptibility factor Total time or dose

R¢rieqe =Minimal

Best orientation?

Plan(s) of data collection
Statistics
B-factor
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PROBLEM 1 - too complicate ...

Example: data collection plan MTb GItS, 1.65 A
J 15
&
Ad 1125 3
\ 110 =
: - ks
: 1 7,5 g_
_ N
-+ AN 195
texp/A(b <
: S 2 g
| | | O
130 150 170 190 210

SOLUTION - EDNA


Presenter
Presentation Notes
This is an example of such a plan, that in reality convolves with all other considerations as spot overlaps and crystal anysotropy. This jump in the rotation width in this case is apparently due to the long axis of this crystal, otherwice delta phi goes down steadily to reduce the background and exposure time goes up to compensate the decay.

It would be difficult to force any user to collect data according to such strategy manually, but again we have a DNA-BCM communication protocol that can just accept it and collect, regardless of how many times we need to modify the parameters. Processing such data is no problem at all. 


James M. Holton

Why are we not solving more

structures?

Most X-ray data sets collected at synchrotron sources do not
produce usable results. An analysis of data collected in 2003 at
the ALS beamline 8.3.1 shows that 2346 datasets were
collected and 48 structures were deposited in the PDB.
Although it Is understandable that not every dataset leads to a
published structure, it is hard to explain how ~98% of them do

not.



PROBLEM 2
sample > beam

Irradiation crystal volume VS Phi ?77??
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Data collection using several crystals

J o 1 O ¢ 0 O [
—— —
Test images
{1l

Auto-indexing

g

BEST

Crystal characterization and ranking

Determination of maximal achievable resolution

Optimal crystal orientation - Kappa goniometer
Crystal 3= Completeness 23% D.C. p|an

Crystal 5':> Completeness 58%
Crystal 1':> Completeness 91%

Crystal 8':> Completeness 99.7%
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