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PHILOSOPHY

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

0 Pl egqueats  Meuet  harketphice  Exglore

Everything here is applied
mathematics and nothing more!

Happy to help!
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DATA INTEGRATION AND
SCALING (IN SIMPLE TERMS)



INTENSITY DISTRIBUTION
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START WITH DIFFRACTION SPOTS




NAME THAT SPOT (MILLER INDICES)

WHICH SPOT IS WHICH?
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WHAT IS TH
LA CE?

- CORR

Crystal family Lattice system Schonflies

triclinic

monoclinic

orthorhombic

tetragonal

Primitive

-CT BRAVAIS

14 Bravais Lattices

Base-centered Body-centered Face-centered
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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 mode|

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

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



EXPERIMENT



\

A |

‘:‘.‘-"
T

- df . — - > ’
iim A

Eaails

-
=

)

N
[Sooy Nl Jes T R S .




PR e £ S AR A AT

et 1 et T R e S N v R T o
. .. - .I- . 1 .:- - "_ _IA_." ‘_- .qu-‘- .-_'..-7..|.- v‘: - 3 ",_'J - t‘. '»'
e BT ER L B N e v T “d. _;’i—"f.-.':rf"-’:: .-

N RS
Wt B e AR g S o o X SN E SR T O A

- ot - o ] 2. " - F et - c _.'_’- ._‘.\. a

WL T ol S R AL R R R R S A A A

ok

o.*

BRI R

r'1:4._.. —

- - Zanr e ey alp LSO S RS
> ; | -' ';’:‘-ﬁ—‘:r'r- g _711; ',‘--' 4 2 e . o
' b S  J V,'l‘, -_"-.J-' .",': _..J_,_ AL i
: i :'.‘J'-' " ."-J.-:' -'.l' '3 e "
| p T 2 T |
| . : s"t’: "-"F :." J ’, '._" W 'W'l
" . -‘_ “ ._‘__...‘_1- AN . - ’ I
| el h






DATA PROCESSING PROBLEMS

Many can be solved betore you run a single program -
mount your sample carefully
collect your data caretully

avoid / minimise radiation damage



~FASTEST ROUTE FROM IMAGES TO
NTENSITIES

Automation!

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

For dials: xia2 =>
X1a2 atom=Zn image=../data/C2 sum 0Q001.cbf.gz

You would learn nothing



A xiaZ

EASE OF VSE

command-line

programmer
API

POWER
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WHAT CAN DIALS COPE WITH?

/Shadows!



WHAT CAN

DIALS COPE WITH?
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DIALS COPE WITH?

Multiple
orientations



WEAK DIFFRACTION



RUNNING DIALS
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DIALS FILES

CBF / HDF5 ftiles contain X-ray diffraction images
pickle files contain reflection data
json files contain model information

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



=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 identitication

Scaling



KEY STEPS WITH DIALS

dials.import

dials.tind_spots datablock.json [nproc=8]

dials.index datablock.json strong.pickle [space_group=..] [unit_cell=..]
[dials.refine_bravais_settings indexed.pickle experiments.json]
dials.retine

dials.integrate

dials.export ==> CCP4i / i2 for pointless / aimless - or -

dials.symmetry / dials.scale / dials.export



KEY STEPS WITH DIALS

dials.image_viewer datablock.json [sum_images=5]

dials.reciprocal_lattice_viewer datablock.json strong.pickle



IMAGE VIEWER

[ Jdis/mx-scratch/gws6/ccpa-2017-heta/summed;/C2sum 1 0001.cbhbf.gz - X
File Actions Zoom level: 25% =
- - Ra
N H’I_‘ - - l',
= Imagc: C25um 1 0001.cbr.gz [1] v > jump to image: 1 Color schame grayscale =
Load tile Save As.. Next
: - Brightness: 100
r p O S LT . ot f & . . . r—
WAL ARETX o oty 2 100 1 500
Show resolution rings Show ice rings
¥| Mark beam center v| Mark centers of mass
v Spotmax pixels v/ Spot all pixels

v| Draw reflection shoebox v|Show gredictions

Show hkl Show mask
v| Basis vectors Indexerd only

Integrated only

Clear zll

. sSigma background 6.0 9
Sigma sbrong 3.0
Globz| Threshold 0.0
Min. local 2
Gain 1.0
Kernel size 33
find spols.phil Save
e e I A o ' YU | image mean variance |dispersion
Click and drag o pan; middle-click and drag o plotintensily profile, right-click W zoom Spma. Sama s ALEL presield




RECIPROCAL LATTICE VIEWER

=] Reflection data viewer = O
High resolution: |1.31

MInZ 0

MaxZ |720

Min partiality |0.000

Max partiality 0.000

v Show rotation axis
v Show beam vector
v| Show reciprocal cell

Invert rotation axis

Beam centre (mm) |218.57

Markersize: |5

v

| all \ inliers loutliers

Model view matrix: ([0.4634,0.7047,0.5



Images /
Find spots J
Index J
Y
\
Refine
,L J
‘\.
Refine with
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* J
\
Integrate

Refine bravais
settings
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CCP4?
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Scale (P1)

Select solution
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RUNNING ROUGH CCP4
DIALS US NTERFACE (DUI
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ALGORITHMS



SPOT FINDING
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XING

(3D I_:FT)

IN D




SOLUTION PICKING WITH REFINE
BRAVAIS SETTINGS

0.619/0.965 36000 oC 52.67 60.74 68.55 90.00 90.00 90.00 219311 a+b,-a+b,c
0.621/0.621 36000 mC 60.77 52.69 68.57 90.00 90.04 90.00 219554 a-b,a+b,c
0.619/0.619 35999 mP 40.27 68.59 40.25 90.00 98.17 90.00 110071 b,c,a
0.965/0.965 36000 mC 53.18 61.25 69.29 90.00 93.05 90.00 225383 at+b,-a+b,c

-/- 36000 aP 40.56 40.55 69.30 91.97 92.02 98.07 112701 a,b,c
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y, using all reflections

ity of multi-dataset |oint refinement
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REFINEMENT

Scan-varying cell parameters Scan-varying orientation parameters
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INTEGRATION

1) Determine profile parameters
2) Model background
3) Perform summation and profile integration




SYMMETRY & SCALING

With dials: dials.symmetry and dials.scale: new!

With CCP4: pointless hklin dials_integrated.mtz hklout
sorted.mtz: aimless hklin sorted.mtz hklout scaled.mtz



SYMMETRY & ISOMORPHISM;
DIALS.COSYM
DIALS.SYMMETRY

-1.00 -0.75 -0.50-0.25 000 025 050 075 100

1) Score likelihood of symmetry operations
2) Combine symmetry operations into space groups



SCALING

Smoothly varying corrections
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Absorption correction surface

* Do outlier rejection
* Analyse uncertainties
(errors) on intensities

theta (?)




TUTORIAL



DIALS )

Diffraction Integration for Advanced Light Sources

Home Processing in Detail - CCP4
About Workshop Edition

Installation
Documentation

Tutorials Introduction

How-to
Workshops 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.

Publications
Links
License

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/103/data/2017/mx19576-1/tu-
torial_data/summed/. We'll only be using the first run of data in this tutorial.




BETA
LACTAMAS

Single sweep of data - was
3,600 images - summed to
/20 x 0.5 degrees for speed

Simple to process through
to refined structure

Good for learning how to
drive DIALS




SPOT FINDING

Extracted 178377 spots

Removed 74450 spots with size < 3 pixels

Removed 13 spots with size > 100 pixels

Calculated 103914 spot centroids

Calculated 103914 spot intensities

Filtered 103780 of 103914 spots by peak-centroid distance

Histogram of per-image spot count for imageset 0:
103780 spots found on 720 images (max 1982 / bin)
*
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N

D EXING

Exp Nref RMSD X RMSD Y RMSD 7
1d (pX) (pX) (1mages)
0] 36000 ®.28972 ©.28327 ®.20855




LOOK AT THE IMAGES



REFINE BRAVAIS SETTINGS

5 3.0470 2.331 0.619/0.965 36000 oC 52.67 60.74 68
4 3.0469 2.325 0.621/0.621 36000 mC 60.77 52.69 68
3 3.0470 2.346 0.619/0.619 35999 mP 40.27 68.59 40
* 2 0.0313 0.072 0.965/0.965 36000 mC 53.18 61.25 69
* 1 0.0000 0.070 -/- 36000 aP 40.56 40.55 69



REFINEMENT (WITH SCAN
VARYING)

From indexing:

| Exp | Nref | RMSD X | RMSD Y | RMSD 7 |
| id | | (px) | (px) | (images) |

| Exp | Nref | RMSD X | RMSD Y | RMSD Z |
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SCALING

Absorption correction surface - inverse scale factors
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DIALS.GITHUB.IO
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