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SOLUTION TO MOST PROCESSING
PROBLEMS - COLLECT BETTER DATA!

With a pixel array detector (pilatus, eiger) no readout
noise so be sparing with photons (Andreas F talk)
Collect more, weaker data in preterence - lousy Rmerge
but great Ryim

Mount your crystals carefully - make sure most of the
atoms in the beam are your crystal not loop, drop, ...

(Elspeth G talk)
Cryo-cool your samples carefully (also Elspeth’s talk)



RUNNING DIALS

Tutorials will have running individual DIALS steps
because this is good to know

In reality | run DIALS with xia2

You can also use DUI for interactive processing



DATA INTEGRATION AND
SCALING (IN SIMPLE TERMS)



FOR THE TUTORIAL WE HAVE IMAGES LIKE. THIS
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NAME THAT SPOT (MILLER INDICES)

WHICH SPOT IS WHICH?
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DATA INTEGRATION

HOW MANY COUNTS?



CORRECTIONS FOR EXPERIMENTAL EFFECTS

PLACE ON COMMON SCALE
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TERMINOLOGY (UNIVERSAL)

Spot finding: locate spots on some or all of the data

Indexing: looking at the positions of the spots and calculating a model which
explains those positions (may involve choices about lattice or space group,
optional)

Refinement: improving the model

Integration: record how many counts in each spot, subtract background, usually
fit reflection profiles

Symmetry determination: determine which intensities are related to one
another by symmetry which is critical for ...

Scaling: correction for experimental effects i.e. beam intensity, illuminated
volume, sample absorption...



EXPERIMENT
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~FASTEST ROUTE FROM IMAGES TO
NTENSITIES

Automation!

generate_XDS.INP / autoPROC / xia2 / fast_dp / ....
most facilities have something

For dials: xia2 =>

X1a2 atom=5Se image=../se-thau-mad/SeThau hrm 3 master.hb5

You would learn nothing



A xiaZ

EASE OF VSE

command-line

programmer
AP]

POWER



Hstory Treo WEZE oo Text  Report View  Reciprocal Lattice Viewer
import
find_spots
indox Reflection Type
mport find index reindex refine intograte. < << < Jh (> > >l

Observations [ Predictions.

Viewing Tools .

G@ un

refine
ST Advanced

refinement parameterisation scan_varying | False B

Reset 1o Default

[ ] Beam crystal Scan Detector
X(om) Y (mm) a b c Image Range Distance (mm)
21101 20537 5781 5778 15003 1 540 26514
Number of Panels 1
Wavelength () [ Oscilaion 015 Gain 10
097625

a v
%01 8999 8999 Exposure Time 007 Maxres () 116

Space Group P 1 Strong Spots - Pixel Size
Indexed Spots - X(mm) Y (mm)
Orientation (deg) Refined Spots - 0172 0172
X Y otz Prof int Spots - X:141,Y:69,1:0
8207 6442 3685 SumintSools -

dlick dials icon to run refine

CCP4 DUI

ommand-line

EASE OF VSE

programmer
AP]

POWER



WHAT CAN DIALS COPE WITH?

Moving
shadows!
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WHAT CAN DIALS COPE WITH?

Complex

/ geometry




WHAT CAN

DIALS COPE WITH?
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WHAT CAN DIALS COPE WITH?
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WEAK DIFFRACTION




=Y STEPS IN DATA PROCESSING

Look at your images < people often miss this one

Spot finding

Indexing (optionally selecting lattice)
Refinement (may be part of indexing)
Integration

Post integration refinement

Point group identification

Scaling



KEY STEPS WITH DIALS

dials.import

dials.find_spots imported.expt [nproc=8]

dials.index imported.expt strong.refl [space_group=..] [unit_cell=..]
[dials.refine_bravais_settings indexed.refl indexed.expt]
dials.refine

dials.integrate

dials.symmetry

dials.scale

dials.export



dials.image_viewer imported.expt

KEY STEPS WITH DIALS

dials.import

dials.find_spots imported.expt [nproc=8]

dials.index imported.expt strong.refl [space_group=..] [unit_cell=..]
[dials.refine_bravais_settings indexed.refl indexed.expt]
dials.refine

dials.integrate

dials.symmetry

dials.scale

dials.export

dials.reciprocal_lattice_viewer imported.expt strong.refl



Images /
Find spots }
Index }
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RUNNING DIALS
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IMAGE VIEWER EB

Color scheme: grayscale

Brightness:

100 100 1000
Font size: 10

/Volumes/Blue/Data/i04-ins/upload/insu_d200_1_master.h5 Show resolution rings Show ice rings

>/. Jump: |1 Stack: 10  Mark beam center 4 Mark centers of mass

insu_d200_1_master.h5 [1]

- # Spot max pixels & Spot all pixels

Threshold pixels 2 Draw reflection shoebox
# Show predictions Show hkl
Show mask @ Basis vectors
Indexed only Integrated only
Clear all
Stack type: mean V]
Image type: corrected [V
4 Use dispersion extended algorithm
Sigma background 6.0
Sigma strong
Global Threshold
Min. local
Gain
Kernel size

find spots.phil

Click and drag to pan; middle-click and drag to plot intensity profile, right-click to zoom




DIALS FILES

CBF / HDFS5 files contain X-ray diffraction images
retl files contain retlection data
expt files contain model information

MTZ tiles are probably what you want at the end for
structure determination and refinement



ALGORITHMS
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SPOT FINDING
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XING

(3D I_:FT)

IND




SOLUTION PICKING

5 3.0470 2.331 0.619/0.965 36000 oC 52.67 60.74 68.55 90.00 90.00 90.00 219311 a+b,-atb,c
4 3.0469 2.325 0.621/0.621 36000 mC 60.77 52.69 68.57 90.00 90.04 90.00 219554 a-b,atb,c
3 3.0470 2.346 0.619/0.619 35999 mP 40.27 68.59 40.25 90.00 98.17 90.00 110071 b,c,a
2 0.0313 0.072 0.965/0.965 36000 mC 53.18 61.25 69.29 90.00 93.05 90.00 225383 atb,-atb,cC
1 0.0000 0.070 -/- 36000 aP 40.56 40.55 69.30 91.97 92.02 98.07 112701 a,b,c




REFINEMENT

NORM
I —— FAsT

GOM_KAFPPA

bheam

GOM_OMEGA

| GOM_PHI




REFINEMENT

Scan-varying cell parameters

91

53.18 a (A)
53.17 90 b (R)
53.16 89 —c(R)
93.06 . —a(°)
61.25 ~
|/ =
61.2 93.04 — v (°)
91 volume (A~3)
69.3
90
69.25 -
0 100 200 300 0 100 200 300
225.4K
225.2k
0 100 200 300

rotation angle (°)

Scan-varying orientation parameters

0.01 /_\ — 01 (°)
0 o2 (°)
— ®3 (°)

_0'01\/——\/ \_/

0.02

-0.02

0.02

-0.02
0 50 100 150 200 250 300 350

rotation angle (°)



ENT FEATURES

[ 11
<

- FIN

Possible to do joint refinement - one model for
geometry for e.g. 50 data sets

rue errors on unit cell parameters - critical for
assessing isomorphism



INTEGRATION




SCALING

dials.symmetry - determine the Patterson symmetry of
the data

dials.scale - correct for experimental effects using
symmetry-related experiments



SYMMETRY

Scoring individual symmetry elements

likelihood Z-CC CC \| Operator
0.916 9.81 0.98 297147 *** 1 (6, 0, 0)
©.913 9.72 0.97 294871 x** 2 | (-1, 1, 0)

Patterson group Likelihood NetZcc Zcc+ /cC- CC CC- delta Reindex
operator
C1l2/m1 ¥**0.913 9.76 9.76 0.00 ©.98 0.00 0.0 -a,b,-c

P -1 0.087 .09 9.81 9.72 0.98 0.97 0.0  -X-y.-x+y, -z



Smoothly varying corrections

- smooth scale term
5 1.5 . . ® scale term parameters
Q g o = smooth decay term
g—; '; = . ® decay term parameters
> = = =
c = =
= g 1 - - - - x.
kB (smoothed) o TRes '
SMootne mes
|
3
£ o
[
£
0 ] )
Y 05 5 ]
% trlas : I, X ¥
= R X
L 3 3
0 100 200 300

rotation angle (°)

Absorption correction surface

inverse

scale factor
150-

Absorption surface

(as spherical : 1

0.995

harmonics)

0.99

0 50 100 150 200 250 300 350

theta (°)



SCALING

Absorption correction surface

inverse
scale factor
150-

Absorption surface

(as spherical :

0.995

harmonics)

0.99

0 50 100 150 200 250 300 350

theta (°)



SYMM

COSYM

1.00

0.75 A

0.50 A

0.25 A

0.00 A

—0.25 A

—0.50 -

—0.75 A

—1.00
—-1.00 -0

.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

- TRY & ISOMORPHISM -

35000

30000

25000

20000

15000

Frequency

10000

5000

-1.0 -0.5 0.0 0.5 1.0

1.00

0.75

- 0.50

F0.25

I 0.00

F—0.25

—0.50
-0.75

- = . -1.00
100 200 300 400 500 600 700 800



COMMENTARY

DIALS is open source, so you can look at the code to
find out exactly what it is doing

Everything here is applied mathematics and nothing
more - there are no black boxes

It ever you really want to understand X-ray diftraction,
write an integration program @



DIALS )

Diffraction Integration for Advanced Light Sources

Home

About
Installation
Documentation
Tutorials
How-to
Workshops
Publications
Links

License

Processing in Detail - CCP4
Workshop Edition

Introduction

DIALS processing may be performed by either running the individual tools (spot
finding, indexing, refinement, integration, exporting to MTZ) or you can run xia2
pipeline=dials, which makes informed choices for you at each stage. In this tutori-
al we will run through each of the steps in turn, checking the output as we go. We will
also enforce the correct lattice symmetry.

Tutorial data

The following example uses a Beta-Lactamase dataset collected using beamline 104 at
Diamond Light Source, and reprocessed especially for these tutorials. The data is

workshop in the beamline data directory of /d1s/i03/data/2017/mx19576-1/tu-
torial_data/summed/. We'll only be using the first run of data in this tutorial.




TUTORIAL



SE
THAUMATIN

-------

.......
.....

Single sweep of data
measured for routine
testing

3600 x 0.1° images

Simple to process through | - ‘
to retined structure " o .

. 5 £
Pt - - . . -
- -

Good for learning how to - . ]
drive DIALS | -



SPOT FINDING

Histogram of per-image spot count for imageset 0:
299032 spots found on 3600 images (max 5558 / Dbin)

X kK Xk Xk Xk %k X %k %k X X% % %k %
X %k %k Xk X% %k %k %k X% % %k %k % X% % %k % %k X X 3k Xk Xk %k %k >k X Xk %k %k Xk X% Xk %k %k Xk Xk Xk %k %k X % X ok x
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RECIPROCAL LATTICE VIEW
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Exp Nref RMSD_ X RMSD Y

id (Px) (Px)
------- +------ -t - et - -+

0 36000 0.36113 ©0.28824
+--=-=-=--- +---=-=-=--- +--- - - - +--- - - - +
____________ t o e e e e e e e e e e e et e e e e e e e e e e e e - -
Imageset # 1ndexed # unindexed
____________ t o e e e e e e e e e e e et e e e e e e e e e e e e - -
0 281437 17594
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REFINEMENT (WITH SCAN
VARYING)

From indexing:

S S S S S S Ry +
Exp Nref RMSD_ X RMSD_ Y RMSD 7
id (px) (px) (1mages)
------- e Uiyt
0] 36000 ©@.36113 ©.28824 ®@.53236
S S S i S R S YR S RS +
From refinement:
S S S i S R S YR S RS +
Exp | Nref | RMSD X | RMSD_ Y | RMSD Z
id | | (px) | (px) | QUEFLEY
------- ey
O | 222068 | 0.24386 | 0.22748 | 0.20681
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Absorption correction surface (dataset 0)

SCALING

inverse
scale factor

1.001

phi (degrees)

0.999

0 100 200 300

theta (degrees)

Smoothly varying corrections (dataset 0)

[y
o
w

e

relative
scale factor B-factor scale factor
o
H
;

_____ smoothly-varying
scale correction

¢ , Smoothly-varying
scale parameters

_____ smoothly-varying
B-factor correction
smoothly-varying

~0.5 B-factor parameters

1.62 Decay scale factor
1.01 at 3.0 Angstrom

o
©
vUron et

0.99
0.98

0 100 200 300

rotation angle (degrees)






DIALS.GITHUB.IO
XIA2.GITHUB.IO



