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The integration of macromolecular diffraction data

The objective of any modern data-processing program is to
produce from a set of diffraction images a set of indices (hkls)
with their associated intensities (and estimates of their
uncertainties), together with an accurate estimate of the
crystal unit-cell parameters. This procedure should not only be
reliable, but should involve an absolute minimum of user
intervention. The process can be conveniently divided into
three stages. The first (autoindexing) determines the unit-cell
parameters and the orientation of the crystal. The unit-cell
parameters may indicate the likely Laue group of the crystal.
The second step is to refine the initial estimate of the unit-cell
parameters and also the crystal mosaicity using a procedure
known as post-refinement. The third step is to integrate the
images, which consists of predicting the positions of the Bragg
reflections on each image and obtaining an estimate of the
intensity of each reflection and its uncertainty. This is carried
out while simultaneously refining various detector and crystal
parameters. Basic features of the algorithms employed for
each of these three separate steps are described, principally
with reference to the program MOSFLM.

1. Introduction

The collection of macromolecular diffraction data has under-
gone dramatic advances during the last 15 years with the
advent of two-dimensional area detectors such as image plates
and CCDs, crystal cryocooling and the availability of intense,
monochromatic and highly collimated X-ray beams from
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NEW SOFTWARE: DIALS
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New challenges
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Compute the intensity
(and structure factor) of
each Bragg spot in a set of
diffraction images

1

Kl \2
| Fril = ( )

Lp

K = scale factor
L. = Lorentz factor
p = polarization factor




Warning: garbage in, garbage out

Data collection is the last experimental stage
A fundamentally bad dataset cannot be rescued by any algorithm!
Don't spend months optimising crystals only to rush the data collection
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On two occasions | have been asked, "Pray, Mr. Babbage, if you
put into the machine wrong figures, will the right answers come
out?” ... | am not able rightly to apprehend the kind of confusion
of ideas that could provoke such a question.

- Charles Babbage, Passages from the Life of a Philosopher
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DIALS OVERVIEW
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/Images/ Initial model
import o
@ 5

EXtDX @ Parameterizer

@Q\ /

/ @ @ Refiner Refined model

Indexer / \ (B) x—~
\Centroids

Integ rator

Profile reﬁner/ th, [, O

® @ S
/Scale/
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Main DIALS programs

dials.import

dials.find spots

dials.index

dials.refine bravais_settings
dials.refine

dials.integrate
dials.export mtz

Then onwards into the CCP4 data processing pipeline:
® POINTLESS — AIMLESS — ctruncate...
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Principal user interface

$ dials.import ${data directory}/th 8 2 0*.cbf

$ dials.find_spots datablock.json nproc=8

$ dials.index datablock.json strong.pickle

$ dials.refine_bravais_settings experiments.json indexed.pickle

$ dials.reindex indexed.pickle change of basis op=a,b,c

$ dials.refine bravais setting 9.json reindexed reflections.pickle

$ dials.refine refined_experiments.json refined.pickle scan_varying=true
$ dials.integrate refined_experiments.json refined.pickle nproc=8

$ dials.exportgintegrated.pickle refingd experiments.json \
mtz.hklou rated.mt

=in
$ pointle“
$ aimless
resolution 1.3
anomalous off
eof

$ ctruncate -hklin scaled.mtz -hklout truncated.mtz \
-colin '/*/*/[IMEAN,SIGIMEAN]' > ctruncate.log

Pl
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Future: DIALS GUI (DUI)

Simple | Advanced Shell Log | HTML output | Graphic Reports
output — Y
Import experiments - . M
e Reference correlations binned in X/Y
reflections
J o phil
Find Spots 1log 1
@ debug_log
10- o
report 500 08%F
Index =
include_bad reference |False v o
f scan_range[1] 0 [4) 10004 — R é
scan_range[2] 0 < i =
Refine - d S
sampling 1500~ 04 5
ﬂh reflections_per_degree |50.00 ¢ K]
o
minimum sample size 29 f— 02 8
Integrate SRk - 2000 L
maximum sample size O &
| —_— integrate_all_reflections True b e o
Export mtz verbosity 1 Q
integration ¥
mp
method multiprocessing ~
nproc 1; [+]
nthreads 1 [+]
Lookup o
mask =)
o
block ;
size 0.00 ) o
D
Lis e ¢
=
threshold 0.99 r) 5
force False v 5
E
max_memory_usage 0.75 4] g
debug S
reference 2 <

dials.integrate refined_experiments.json refined.pickle
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v/ Xia2 -dials

$ xia2 -dials ${data_directory}

For AUTOMATIC/DEFAULT/NATIVE

High resolution limit 1.36 6.08 1.36
Low resolution limit 53.92 53.92 1.40
Completeness 99.8 99.9 97.8

Multiplicity 5.3 4.9 3.1

I/sigma 11.7 26.8 2.2

Rmerge 0.061 0.026 ©.370
Rmeas (I) 0.075 0.032 0.521

Rmeas (I+/-) 0.075 0.032 0.495

Rpim(I) 0.032 0.014 0.279

Rpim(I+/-) 0.042 0.018 0.326
CC half 0.999 0.998 0.818
Wilson B factor 8.913

Anomalous completeness 97.5 100.0 77.3
Anomalous multiplicity 2.6 3.1 1.8
Anomalous correlation 0.005 0.204 -0.019
Anomalous slope 0.955 0.000 0.000
Total observations 292123 3747 12262
Total unique 55480 768 3919

Assuming spacegroup: P 41 21 2
Other likely alternatives are:
P 43 21 2

Unit cell:

57.781 57.781 149.995

90.000 90.000 90.000

Pl

DIALS

Diffraction Integration for Advanced Light Sources




Ym xia2 in CCP4 7.0

Job 9: Automated integration of images with DIALS - XIA2The job is Pending

Input | Results ] Comments ]

- Input data
| E =

Job title | XIA2

m Use data from job [6 Automated integration of images with DIALS - X 3 | as input below..

Dials distribution found in : /home/david/ccpdfccpd-7.0/bin

Location of images

@ [ .must be selected - ”:]

Control parameters

Pipeline to run | dials % |
Heavy atom type w |

Dmin |

Spacegroup :.

>0k
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Xia/

xia2 -dials

dials.import

dials.import

dials.find_spots

dials.import

dials.find_spots

dials.index

dials.find_spots

dials.index

dials.refine_bravais_settings

dials.index

dials.refine_bravais_settings

dials.reindex

dials.refine_bravais_settings

dials.reindex

v

dials.reindex

v

dials.refine

v

dials.refine

v

dials.refine

v

dials.integrate

v

dials.integrate

dials.export_mtz

dials.integrate

dials.export_mtz

v

dials.export_mtz

v

v

pointless

aimless

ctruncate




SPOTFINDING
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dials.find_spots

$ dials.find_spots datablock.json nproc=8

o Seq uence Of per-lmage Setting spotfinder.filter.min_spot_size=3

Configuring spot finder from input parameters

filters to find strong pixels .-

® 3D analySIS Of Strong p|Xe|S Finding spots in image 1 to 54e@...

Extracting strong pixels from images (may take a while)

to |dent|fy Strong SpOtS Extracted strong pixels from images
Merging 8 pixel lists
1 Merged 8 pixel lists with 922120 pixels
® Fllter SpOtS by Extracting spots
H Extracted 219125 spots
= number Of pIXEIS Calculating 219125 spot centroids
e} peak_centroid distance Calculated 219125 spot centroids
) Calculating 219125 spot intensities
O re50|ut|0n Calculated 219125 spot intensities
N . Found 1 possible hot spots
O Icerings Found 1 possible hot pixel(s)
d . Filtering 219125 spots by number of pixels
O untruste reglons Filtered 116321 spots by number of pixels

Filtering 116321 spots by peak-centroid distance
Filtered 116082 spots by peak-centroid distance

Saving 116082 reflections to strong.pickle
Saved 116082 reflections to strong.pickle

P@ ime Taken: 31. DIALS

Diffraction Integration for Advanced Light Sources




dials.find_spots
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Default spot

finding

parameters are

often not

suitable for CCD

Images

dials.find_spots

| &
[]

Load file SaveAs...

| Zoom level: 100%

Brightness: 100

100 S

& Mark beam center

| [& Spot max pixels

1
hf.‘ Image:| lyso_00001.img [1] > Jump to image:| 1 |

Show resolution rings

Color scheme: | grayscale -

| show ice rings
& Mark centers of mass

[ spotall pixels

: | ™ Draw reflection shoebox [ Show predictions

| Show hkl

Save mask

: Sigma background |6.
:+ Sigma strong 3.
Global Threshold 0.
Min. local 2

| Gain 1.

! Kernelsize 3

image mean
k sigma_b sigma_s

Clear all

variance dispersion

global threshold

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




dials.find_spots

| &F H '| ,
3 Image: lyso_OOOOT.lm_g_ﬁ_] =

Default spot | . R PR
finding I

parameters are e
often not T
suitable for CCD SR
images - P og

Jump to image:| 1 |

Zoom level: 100% | -

a

Color scheme: grayscale =
Brightness: 100

100 —

["] Show resolution rings

& Mark beam center

[& Spotmax pixels

[ Draw reflection shoebox

[] Show hkl

Save mask
Sigma background 6.0
Sigma strong 10.0

Global Threshold 0.0

Min. local 2
Gain 1.0
! Kernelsize 33
image mean
sigma_b sigma_s

[] Show ice rings
& Mark centers of mass
[ spotall pixels

[ show predictions

Clear all
variance dispersion
global | threshold |

@ CC [ 4 [click and drag to pan; middle-click and drag to plot intensity profile, right=click to zoom




dials.image_viewer

$ dials.image_viewer datablock.json strong.pickle




dials.reciprocal_lattice viewer

$ dials.reciprocal_lattice_viewer datablock.json strong.pickle

DIALS
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dials.reciprocal_lattice viewer

$ dials.reciprocal_lattice_viewer datablock.json strong.pickle
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dials.index

Experimental geometry
Spot centroids

Map spots to reciprocal space

v

Find orientation matrices

:

Assign indices

!

Refine crystal and experimental geometry

Yes

Unindexed
reflections?

Refined crystal model(s)
Refined geometry
Indexed reflections

DIALS
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dials.index

Experimental geometry
Spot centroids

v

Map spots to reciprocal space

Find orientation matrices

Assign indices

;

Refine crystal and experimental geometry

Yes

Unindexed
reflections?

Refined crystal model(s)
Refined geometry
Indexed reflections

DIALS
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dials.index

Choice of method:

o 1D FFT (DPS)
o 3DFFT
© new real space grid search

Optionally provide
known unit cell and
space group

Pl

$ dials.index datablock.json strong.pickle
Found max_cell: 199.1 Angstrom
Setting d_min: 3.89

RMSDs by experiment:
| Exp | Nref | RMSD_X | RMSD_Y | RMSD_Z |
| | | (px) | (px) | (images) |

Final refined crystal models:

model 1 (114690 reflections):

Crystal:
Unit cell: (57.804, 57.782, 150.027, 90.009, 89.991, 89.990)
Space group: P 1

U matrix: {{ ©.3455, -0.2589, -0.9020},
{ ©.8914, 0.3909, ©0.2292},
{ ©.2933, -0.8833, ©.3659}}
B matrix: {{ ©.0173, ©0.0000, ©.0000},
{-0.0000, ©0.0173, ©.0000},
{-0.0000, ©0.0000, ©.0067}}
A = UB: {{ ©.0060, -0.0045, -0.0060},
{ ©.0154, ©0.0068, ©0.0015},
{ 0.0051, -0.0153, ©0.0024}}

Saving refined experiments to experiments.json

Saving refined reflections to indexed.pickle

Diffraction Integration for Advanced Light Sources



Real space grid search

® The FFT algorithms try to
determine the magnitude
and direction of the basis
vectors simultaneously

e |[f the unit cell is already
known, then we only need to
determine the direction of
the basis vectors

New methods for indexing multi-lattice diffraction data.
Gildea et al., Acta Cryst. (2014) D70, 2652-2666.

Pl

Sample hemisphere(s) of direct space

:

Find maxima of FFT on surface of hemisphere

()

:

Find combinations of vectors that match known
unit cell

:

Attempt to assign indices according to each
suitable orientation matrix

:

Choose orientation matrix that assigns indices
to largest number of reflections

DIALS

Diffraction Integration for Advanced Light Sources



dials.index

Experimental geometry
Spot centroids

Map spots to reciprocal space

Find orientation matrices d—x

:

Assign indices

!

Refine crystal and experimental geometry

Yes

Unindexed
reflections?

Refined crystal model(s)
Refined geometry
Indexed reflections

DIALS
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dials.refine_bravais_settings

$ dials.refine_bravais_settings experiments.json indexed.pickle

Solution Metric fit rmsd min/max cc #spots lattice unit_cell volume cb_op
9 0.0250 0.073 0.787/0.848 4049 tP 57.78 57.78 149.99 90.00 90.00 90.00 500681 a,b,c
8 0.0250 0.072 0.787/0.970 4049 oC 81.71 81.73 150.00 90.00 90.00 90.00 1001813 a-b,a+b,c
7 0.0133 0.071 0.787/0.899 4049 oP 57.78 57.76 149.98 90.00 90.00 90.00 500537 a,b,c
6 0.0217 0.071 0.970/0.970 4049 mC 81.72 81.74 150.02 90.00 89.99 90.00 1002178 a-b,a+b,c
5 0.0250 0.072 0.795/0.795 4049 mC 81.73 81.71 150.01 90.00 89.99 90.00 1001809 a+b,-a+b,c
4 0.0131 0.070 0.807/0.807 4049 mP 57.76 57.79 149.99 90.00 90.01 90.00 500676 -b,-a,-c
3 0.0133 0.070 0.899/0.899 4049 mP 57.79 57.77 150.00 90.00 89.99 90.00 500732 a,b,c
2 0.0125 0.071 0.787/0.787 4049 mP 57.77 149.99 57.79 90.00 89.99 90.00 500744 b,c,a
1 0.0000 0.070 -/- 4049 aP 57.80 57.77 150.01 90.01 89.99 89.99 500927 a,b,c

e After indexing, we can look for lattice symmetry
e All compatible Bravais lattices are tested

® Metric fit score, refined RMSD and symmetry element CCs
are reported

® The user chooses which to take further

K
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REFINEMENT
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Centroid refinement

Refine parameters that affect central impacts*
Parameters that affect general impacts (mosaicity, AA, ...)
are determined by profile modelling Diffraa I T

AY

d = (d|dy|dy)
Centre of Ewald d
sphere & crystal r Y /d,
¢ v=Ds=
O, Oy4
do 1/a
e Origin of detector
. So coordinate frame
spindle

Ors
Origin of
reciprocal space

*cf. EVAL package
J. Appl. Cryst. 36, (2003) 220-229

X-rays

DIALS
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Parameterisation

lim, -
There are 18 parameters in the P 1 case:
P : XY
Table 1. Default parameterisation in dials refine for scan-static refinement using a single /_,a-"’rf
panel detector, 5
Parameterisation Model state Parameters Action Yp
[t rotation about initial g = sh 0, sl
Beam S0 [ta rotation about initial sp = & 1 diA
v set length of s [w;u‘en1unht*r£n e
i rotation about laboratory X
Crystal orientation T ha rotation about laboratory ¥
g rotation about laboratory £
git
932
4 a3
Crystal unit cell B ) set metrical matrix elements
g12
gis
Jis
o set distance along initial dy x dg
t translation along initial dy
Dietackior d ta translation along initial dg
T rotation about initial de = dg
o rotation about initial d
TS rotation about initial dg

Usually vand u, are fixed

| i 4 Diffraction Integration for Advanced Light Sources




Scan-varying refinement

e We do global, not local, refinement

e How to model changes to the crystal model over time?
e Scan divided into equal-sized intervals

e C(Crystal parameterisation split over sample points

® Gaussian smoother, inspired by AIMLESS

>0k




Scan-varying refinement

117 parameters:

6 detector
1 beam

3 crystal
orientation x
22 "samples"

2 unit cell
parameters x
22 "samples”

>0k

length (A) length (A)

length (A)

volume (&%)

91.0 —
g — 90.5¢- E
1 @ 90.0 1
[<2]
| c
E © 89.50 :
5761 ! L L 1 L L L 890 L ! L L ! ! L
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
rotation angle (°) rotation angle (°)
91.0 T T T ? T T T
E — 90.5¢+ E
1 2 90.0 1
[<2]
h c
E © 89.50 E
57.61 . ! 1 ! ! 1 L 89.0 1 L ! ! L ! .
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
rotation angle (°) rotation angle (°)
91.0 T T T 7 T T T
: 1 _ 905| ]
- 1 2 90.0 1
. [2]
8 m c
X ] T 895} ,
149.90 . . . . . . L ] 89.0 1 1 ! 1 L ! 1
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
499400 rotation angle ‘( ) Cell vlo|ume . rotlatlon angle (°)
499200
499000
498800
498600
498400
498200
498000
497800
497600 L L L
0 300 400 500

rotation angle (°)
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Scan-varying refinement

0.020 . . : ¢,1
0.015|
0.010f

117 parameters: $ oo

-0.005f

-0.010}

® 6 detector

100 200 300 400 500 600 700 800
rotation angle (°)

® 1beam

0.015 ‘ ‘ ; ¢?
0.010

e 3 crystal

orientation x 2 o]

-0.010}

n I n |
2 2 S a m p e S _0'0150 160 2(‘)0 360 460 5(‘)0 6(‘]0 760 800

rotation angle (°)

gle (°)

0.010 ‘ ‘ ‘ ¢?

® 2 unitcell
parameters x ooos)
22 "samples”

0.002}
0.000
-0.002
-0.004
-0.006

_0.008 L L L L 1
0 100 200 300 400 500

P : ! rotation angle (°)

angle (°)




Multiple Experiments

® Global refinement across datasets that share some models
e Typical use cases involve multiple crystals

Multiple rotation scans XFEL shots with two
around the same axis e detectors




Multiple Experiments

® Global refinement across datasets that share some models
e Typical use cases involve multiple crystals

Multiple rotation scans XFEL shots with two
around the same axis e detectors

@ © ©




Multiple Experiments

Cubic polyhedrin crystals, 1° scans

One lattice

5 sweeps (16 Iattices)

&d\‘}. ‘,@{\ﬁt 1@“ 1‘&‘5 “

i)

éeé é@, ﬁe{ﬁdp oée(' E’ﬁﬂ' w%‘@

P
g
A \uvv#a\ﬁg

Detector0Dist .
Detector0Shiftl . & . &
DetectoroShif2 ] . .

Detector0Taul . . . .

Detector0Tau 2| . .

Detector0Tau3
BeamOMu2
CrystalOPhil
Crystal0Phi2
CrystalOPhi3

Crystal0g_param_0

&d\:}- "GL-'“«{ JiJ‘gu:t
it
éeé é.g ﬁe" é_ﬁ Oe\;_ oi\ﬁ?.

o
S
S 2 0 8

Dﬁh\ﬁ. N3 ‘;;_B
o o o

DetectorDDist
Detector0Shiftl
Detector0shift2

DetectorlTaul
Detector0Tau2|
DetectordTau3
BeamOMu2
CrystalOPhil
CrystalOPhi2
CrystalOPhi3

Crystal 0g_param_0

°® o
®
e o

o

>0k
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Multiple Experiments

e We are investigating the use of joint refinement as a
preparatory step for BLEND

LCV: 0.61% (absolute LCV: 1.03 ,&) LCV: 0.36% (absolute LCV: 0.60 ;&)

3

s s

R

'UD o

27 0.36(0.60) =

T | T 0.13(0.21)

; 28(0.47) ;

mmmmmmmmmmm
2= Nﬁ%mn wg mmmmmmmmmmmmmmmm

Individual datasets Individual datasets

TehA membrane protein
@@@ P@ Axford et al. Acta Cryst. (2015) D71, 1228-1237 for original analysis,




INTEGRATION
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Tasks in dials.integrate

Calculate the bounding box parameters from strong reflections

!

Predict the positions of reflections on the images

!

Build reference profiles across all images

!

Integrate the reflections and save output
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Computing reflection shoeboxes

® Uses Kabsch's model of a 3D Gaussian to determine the
reflection extent

® The parameter O controls the size of the reflection on the
surface of the Ewald sphere

® The parameter O, controls the size in the direction of the
reflection's passage through the Ewald sphere

® The peak region is defined as within 30, the full extent to 60

>0k




Computing reflection shoeboxes

0,, is calculated by a maximum likelihood method, assuming a
normal distribution of phi residuals for each strong pixel in the spot

Predicted phi position «| Distributed normally with

standard deviation = sigma_m

00000000000000000

phi residual

Pl




Computing reflection shoeboxes

0, is calculated from the spread of angles between the
predicted centroid and each strong pixel in the spot

\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
y \ AN X ey
\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\

\\\\\
\\\\\\\

\\\\\\\\\\\

Ewald Sphere (not to scale)




Background modelling

® Options to model the background under the peak as either

O

O

O

O

A constant across each image in the spot
A constant across all images in the spot - default
A plane across each image in the spot

A hyper-plane across all images in the spot

e Computed using simple linear least squares

Pl




Background outliers

® Large-valued outliers can cause over-estimation of the background
® This then causes the reflection intensity to be under-estimated
e Qutliers in the background can come from:

o Intensity from neighbouring spots

o Hot pixels

o Zingers

o Unpredicted reflections

o lce rings

@8 ..
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Background outliers

350

Low background

/

Extreme outlier!

\

41300

1250

{200

{100

150

2 3 2326 2327 2328

0
2329

With Hot Pixel

Mean

Variance/Mean

Without Hot Pixel

Mean

Variance/Mean

Signal Region

Bad Pixel (flagged)

Hot Pixel (2327 counts)

Catastrophic over-
6.20 4~ estimation!

2237.90 =__ should be ~1 for
Poisson distribution

0.22

0.926

DIALS
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Simple outlier rejection

outlier.algorithm=nsigma outlier.algorithm=truncated outlier.algorithm=tukey

Ql Q3

N

Q3 + 1.5%IQR

Q1 - 1.5*¥IQR

: . . Reject N% of the Reject pixels based
Reject pixels N sigma . . .
highest and lowest on the interquartile
from the mean :
valued pixels range

DIALS

Diffraction Integration for Advanced Light Soul
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Mosflm-like outlier rejection

outlier.algorithm=mosflm
2 /

Outlier!

Remove N% of Compute the residuals Remove pixels whose

strongest pixels and of all background residuals are greater

compute the pixels to the plane than N sigma from the
plane

background plane

Pl




XDS-like outlier rejection

Iteratively remove high valued pixels until the distribution
of pixel counts resembles a normal distribution
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GLM background estimation

® Most of our methods assume a normal distribution of counts
— not a good approximation for data with low background

® Instead of rejecting outliers could we use a robust estimation
method?

® Most methods also focus on normally distributed data — leads
to under-estimation

® Try a robust generalized linear model approach, assuming a
Poisson distribution
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GLM background estimation

® The more sophisticated GLM method looks promising
® This is now the default in DIALS

Poigference between estimate and median against index of dispersion

i

80

60

— glm_robust
— simple_null

401

i 4//\/J\/\)
—— NN

-20

Pl

Estimate - median

Increasing index of dispersion

Looks like we’re handling outliers ok

DIALS

ion Integration for Advanced Light Sources




Signal integration

® |Integration algorithm options:
O Summation
o 3D profile fitting (as in XDS)
o 2D profile fitting (future)

>0k




3D profile fitting
coordinate system

Use Kabsch coordinate system

® Corrects for geometrical
distortions

® Makes spots appear to have
taken shortest path through
Ewald sphere

| ® Model assumes a Gaussian

/"" profile in Kabsch coordinate

\ / system

s _
S _ / e, =81 X80/1851 X 8]

S e, =98, X el/ISl X Bll

Profile coordinate system e3 = (51 + So)/[S1 + Sol

Pl




3D profile fitting
pixel gridding

Pixels are mapped back to Counts are redistributed to Ewald
the Ewald sphere sphere grid according to fractional
overlap of each pixel and Ewald
sphere grid point

4
elfa2




3D profile fitting
rotation gridding

Transformation makes reflections
appear to have taken shortest /\

path through the Ewald sphere

Grid point ¢ Range

/K $ \\\

1
Phi Range Intersection

¢
I
I
I

£

Counts are redistributed according to
angular overlap between each grid
point and each image




Building reference profiles

e Reference profiles are formed on a grid covering a given
angular range

® Grid options include:
o Rectangular grid (as in Mosflm) - default
o Circular grid (as in XDS)

o Single reflection (currently for multi-panel detectors; rare)
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Building reference profiles

® Rectangular grid version:




Building reference profiles

Each strong spot contributes to building
the profile at adjacent grid points




Fitting reference profiles

Each reflection is fitted against its
closest reference profile

cAdL]
=I-1=




Fitting reference profiles

Profile for reflection at position x derived from average of
strong reflections in block with centre nearest x

>0k
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Tutorials

http://dials.github.io/documentation/tutorials/

DIALS ]

Diffraction Integration for Advanced Light Sources

Home

About
Installation
Documentation
Tutorials
Publications
Links

License

Processing in Detail

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 -dials, which makes informed choices for you at each stage. In this tutorial 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 Thaumatin dataset collected using beamline 104 at Diamond Light Source which is available for download from

DOI 10.5281/zenodo.10271 |

Import

The first stage of step-by-step DIALS processing is to import the data - all that happens here is that the image headers are read, and a file describing
their contents (datablock.json) is written. It’s worth noting that if this file is changed subsequent processing can use this.

dials.import data/th_8_2_@*cbf

The output just describes what the software understands of the images it was passed, in this case one sweep of data containing 540 images.


http://dials.github.io/documentation/tutorials/
http://dials.github.io/documentation/tutorials/

Non-planar
detectors

Long wavelength
beamline 123 @ Diamond
Light Source

Custom P12M

Excellent data -
experiment in vacuum
Support simple via dxtbx




Data

Very low background (in
vacuum)

Very sharp spots despite
lack of beam focussing at
the time

Data collection at 9 keV
Two theta to around 75¢
hence design of detector
Currently single axis
goniometer
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Data at low resolution



Overall InnerShell OuterShell

Low resolution limit 28.93 28.93 1.12
High resolution limit 1.18 6.02 1.10
Rmerge (within I+/I-) 8.047 @.0822 B.715
Rmerge (all I+ and I-) 8.058@ @.0825 B.766
Results Rmeas (within I+/I-) 0.852 0.0824 0.820
Rmeas (all I+ & I-) 8.0853 @.027 B.821
Rpim (within I+/I-) 8.022 @.009 8,392
Rpim (all I+ & I-) 8.016 g.008 9.288
. Rmerge in top intensity bin 8.823 - -
PrOCESSEd using Total number of observations 910205 7848 30945
e P , Total number unigue 93738 781 4018
Standard Scr|pt Mean((I)/sd(I)) 15.3 37.0 2.5
Mn{I) half-set correlation CC{1/2) 1.800 1.000 B.634
. Completeness 9@.2 99.3 79.0
Sca|Ed Wlth Multiplicity 9,7 108.8 7.7
AIMVLESS again Anomalous completeness 88.6 100.0 77.6
Anomalous multiplicity 4.9 6.2 3.9
1 DelAnom correlation between half-sets @.189 @.467 9.024
USIng Standard Mid-Slope of Anom Mormal Probability @.917 - -

commands
Phased with
shelxc/d/e - gives
excellent maps

(0P




Not just data processing
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DIALS TOOLBOX

ON
HWONHO

%%
E
g




FULL TOOLBOX

dials.
dials.

dials

dials

dials

dials

dials

dials

dials

dials

dials.

analyse_output
apply_mask

.background_lookup
dials.
dials.

check_indexing_symmetry
combine_experiments

.compare_mosflm_dials
dials.
dials.

compare_mosflm_xds
compare_orientation_matrices

.compare_reflections
dials.
dials.

compare_xds_dials
compare_xds_dials2

.create_profile_model
dials.
dials.

detector_max_resolution

discover_better_experimental_model
.display_reference_profiles
dials.
dials.

estimate_gain
estimate_resolution_limit

.export
dials.
dials.

export_mosflm
export_mtz

.export_nxmx
dials.
dials.

export_nxmx_to_mtz
export_spot_xds

Pl

.export_text

export_xds

dials.
dials.

dials

dials

dials

dials

dials

dials

dials

extract_shoeboxes
filter_good_intensities

.filter_reflections
dials.
dials.

find_hot_pixels
find_overlaps

.find_spots
dials.
dials.

find_spots_client
find_spots_server

.generate_mask
dials.
dials.

generate_process_test_reflections
generate_test_reflections

.image_viewer
dials.
dials.
dials.
dials.
dials.

import
import_xds
index
integrate
merge_cbf

.merge_reflection_lists
dials.
dials.

plot_reflections
plot_scan_varying crystal

.predict
dials.
dials.

print_test_reflections
python

.reciprocal_lattice_viewer
dials.

refine

dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.
dials.

refine_bravais_settings
reflection_viewer
reindex
remove_absent_reflections
rs_mapper
scale_down_image
scale_down_images
show_build_path
show_dist_paths
show_extensions
show_indexed_strong
show_isig rmsd
show_models
show_profiles

show_spots

simulate

simulate_rs

slice_sweep
sort_reflections
split_experiments
spot_counts_per_image
stereographic_projection
stills_detector_hybrid refine
version

DIALS

Diffraction Integration for Advanced Light Sources



User feedback:
per-image analysis

| W &
Sample: GIL 7 Q Start: 0.0°
Q Osc: 0.15° Q Overlap: 0°

No. Images: 2400 Resolution: 2.27A

Wavelength: 1.8903A Exposure: 0.040s
Transmission: 0.50% Beamsize: 11x5um
Type: Data Collection

Comment: (800,189,-14) EDNAStrategy3:
subWedge:1Aperture: Large

Auto Processing

Fast DP | DIALS |

Space Group A B c a B Y
1222 93.04 98.22 102.79 90.00 90.00 90.00
Shell Observations Unigue Resolution Rmeas
outerShell 947 519 1.90 - 1.95 0.571
innerShell 6208 521 8.29 -71.01 0.082
overall 341484 30333 1.90 - 71.01 0.148

Downstream Processing

15-05-2015 15:50:35 - GlIso/GlIso_M6S7 _1_####.cbf

1/sig(1)
2.0

17.8
11.8

Completeness
18.5
99.9
81.4

160 1.9
Spots
14 " -~ .
Bragg
120 | . . Res | 2.1
-
mn}i 't.,"s-l‘ ‘*l 22
B0 g &' :' "."""} -"'.“ ¥ 23
L]
60 . £ 24
40 25

500 1000 1500 2000

Fast DP: <7 Xia2: gp 3¢ %

LMTZ file Liog file JLookup Cell

Multiplicity Anom Completeness Anom Multiplicity
1.8 4.3 1.5
11.9 100.0 7.2
11.3 78.7 5.8

Fast EP: <7 Dimple: <



Multiplicity
Viewer 1
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Summary

e DIALS now used routinely for automated data
processing with xia2

® xia2 is the “friendly” DIALS user interface for
synchrotron data (and is bundled with DIALS)

e Software available from http://dials.github.io/
under BSD license

® Binary builds available for Mac and Linux from
http://dials.github.io/installation.html

e DIALS 1.1 now in CCP4 7.0 (including Windows)
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