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DATA INTEGRATION AND
SCALING (IN SIMPLE TERMS)



FOR THE TUTORIAL WE HAVE 720 IMAGES LIKE THIS

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
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DATA INTEGRATION

HOW MANY COUNTS?



CORRECTIONS FOR EXPERIMENTAL EFFECTS

PLACE ON COMMON SCALE
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TERMINOLOGY (UNIVERSAL)

Spot tinding: 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



DATA PROCESSING PROBLEMS

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

avoid / minimise radiation damage
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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=Zn image=../data/C2 sum 0Q001.cbf.gz

You would learn nothing



=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.tfind_spots datablock.json [nproc=8]

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

dials.integrate

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



dials.image_viewer datablock.json [sum_images=5]

dials.reciprocal_lattice_viewer datablock.json strong.pickle

N\

=Y STEPS WITH DIALS

dials.import

dials.tfind_spots datablock.json [nproc=8]

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

dials.integrate

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



RUNNING DIALS
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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




DIALS FILES

CBF / HDFS5 files contain X-ray diffraction images
pickle tiles contain reflection data

json files contain model information



DETAIL OF COMMAND
LINES IN TUTORIAL...



ALGORITHMS



SPOT FINDING




MAP TO RECIPROCAL SPAC

¥
| + -
? +
¢ +
¢
4
* T 4
* » * .
4
- 4 T ¢
» “+
T+ + +
T
L3
3 1
"
+ . 4 4
® 2
+ + +
+
+
™ - * - *-
*
* $
.1
£ . * +
#~ -
+ r
|
+ +
) r + ’ +
E -+
¥ B
*
* + 3
t ¢ -
+
4 ] *
- +
a4
+
%
+ . *
f
-
4 " .
4 -
N -+
+ " 4
£ -




= "
» “racay, 0 v Ve LS
o g 4 M SRR i i
P . =3 . us 3 LA M “h Ve P -
* a - . e R v )
“ ¥ = b , 2 o 4 W Al AT P .
e N . : Py : o o ik s .
. BN'p - ™ » x T w; ) o -
5 : e y “ o 2 “ A Y o
: 2 ver *h '
“y ot - Mg o 3 ™ . T . TS
e * M, , - . R S T b gt
v g ) - " ) .
L ] ua
s
v
L5
2y J.s.« '
v
. * L
. f\vv 2o . a * %t » «
d -~ . g Ys ’
5 . " e L e %" ’ ‘
s » X 27y o L ;
w 'y ‘. ' q et W PR ' :
; : I . e, - <% s R - .
| .- LB -\' . 3 o ' : -‘L.
1 T-.\ ] . n.sl .M -, -n - m
. ; > 2 . ‘. Fregi ' » 9
> g au? - Yoy, B ’ ' X r .
C.% « N .y i ~ \n,~.\;< t Y ;
“ea J “"w £ dew "7 ’ € Y . . “m'
% g : ‘s, u S -
»
e . > %
¥
.
.
—
) .
: « " '
.
. - c )
. h(f\..c.a. «..)‘. - oty ¢ - - .
i X . e
r sc o M 4 ‘Wu\’:s/ - Yoy 1»-\;“ i ’ ’ )t
0; L%, v.‘ . .” - W-*- ‘. ¢ ~ * .
. o ) O T 7 . . . e
bﬂ . : -a\& - ﬁ F 5 . . o \I‘.m » > o - !t\ .
e ., - I ' Lo = E &
. - . b ) 3 » ..k\ _— & ? % 1& y\t”
- ; - ’ |
2 . ., : . - e »‘6\.8 o
s . A
Ld 5 “
) ’
C | |
¥
.
l ’
-
) .
) v
o\nw.?b » .. . Py s
- Mg » e @t 2 - ‘v 4
~“-a . - -‘.‘4.. - v e g~ TR Y ’
I ) f-va'- % / - \u-v é bf o - £ « « -
4 Sl ) e T SRS T Lt
" . /.wm\.“:. : oy X A Y - W T IR . e, ¢
. % g \.-c. : 4 .lha . T Q\J-r.q > el \A » uw-%-a »
» : l
> L - » .I'-v- > c\‘h T e
* < s Ty <3
. - ’ ) B
]
.
’
<
L
.
) .
. ’
ke ‘
" % +
% -w., 8 - .-.“‘Jn L ) n .
S . A
\ l’( JI.‘I# }fq. < -\—- e . A > Son .
- » . v ey - *7 4 ’
oy 4 i ¢ o " e ; ’ ’
- v :{ o "n 3 " nﬁ{*\ ‘ ¥ el 'M " -7‘h
: - ; 7. o -
" e wo‘t‘ ) , ﬂ afv- 4 NQJA - a T <
x iy ? W g . ’ ~" -
i < o’ ‘v -Q- -.‘w ® - iy “C
. , i3 : T
v v ¥
. " t \J\.
3
. -
"
-
C .
<
- " te n
- s o e
Y o, 3 . , . 1Y
) ., ) J’ : . ) . ’ » . -~
x v » ™ ha S ’ " PR T * s 1 .
™ 2 s, 3 ; = Vu A m g 3 e 3, ‘
< # . ’ .3 : ’
o W DR e 7 -V S ; Y
" 3 ’ *a v R TS * 7 B - .«..
. . Ll oo € ¥ TP, 2 N ’ o
v . ", RO P i K
- L LI e Ll : Sl : |
" “ et O
-~ \l ll’ N : .‘
X P
) >, Yon
- "
! P ¥
.
« L » ., " ﬂ.l- >
-
. d . , e " . . -~ » . - i
- ‘e ?an- <..u\~v - [ !n‘w‘v-hr N s -ﬂd .:“o.\n\ wf .u e e - -¢ : : N. |
< wr » -« ™ H . * . el % ll(..l Sl 5
- ?“ﬁ» R N sA > . .N\- s . % o 17 - ¥ O !
. * -
A5 ' A ER By £ , \.Q Pt .2 I i -i*” -
¢ ¥ ar Fe » ’ ‘\.la.\\:‘. B a‘ ) . A 3
- Nl Ko on, b & ) . o
- " » L™ e w Wy < "’ ity ¥ ’ \W
-A’ » P « 5 - -ﬂ‘| - *
v ‘n:v ' “ro ’
» ' "4
D “ : .
— ;
. ”
( R \t
> - IN‘ " 1‘& vl
. I3 g o )
27 . . _— . . [ E ol
. ALY ) e B " v - » W
I N T e ) % R 7 A UL % "n w wh ) g » .ﬂ:...
] -, [ L3 A ' % st "y )
- P A R F F )
< z * a &
. . 7



".?-“- - V_"
‘s t‘ ; ~
- s Ls
. u

* “
y

'
“
v

(ASHDE)

RECIPROC

- . > " 'QL'."

5 S . W <
P - "-‘ p " <
. '~. » 1=
. ook

O
-
=
T
=0

oA
v

-1

»
"Wy ¥y ’
N

- e
) e N
q"fs" \’" «'::
LTS
s ® 3
j':- ".“’s
e - 3 " 4 .
s .
» - "; ’ :),' »
\‘5‘,‘
(’\
p. .
N,
.
.=

3 .
v 2 s 3 e
a\' . ~.
LT - T .
. oy, -~

i ; ' &
s "L\ q. . ’t \‘*
! » e
e N,
.“ -



XING

(3D I_:FT)

IN D




SOLUTION PICKING

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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REFINEMENT

Scan-varying cell parameters Scan-varying orientation parameters
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INTEGRATION




SCALING

Saturday morning: Phil Evans / data reduction

Short version: pointless hklin dials_integrated.mtz

hklout sorted.mtz; aimless hklin sorted.mtz hklout
scaled.mtz

CCP4i; i2 helptul for this (particularly for log files)

DIALS scaling program in development



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 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.




DIALS.GITHUB.IO
XIA2.GITHUB.IO



