Diffraction geometry and
integration of diffraction images
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Integration

hkl T o)

Image series Reflection intensity list
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Diffraction Geometry

® Diffraction from a crystal - Laue equations

* Reciprocal lattice
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Scattering from two electrons

Path length difference for waves scattered from two
points r apart in direction s

OL =rs-rs;, = r.s-sy So

Incident beam

Phase shift corresponding to path length
difference oL for a wave with wavelength A

= 2 (path difference)/ A

X-rays scattered
in all directions
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The Ewald Sphere Construction

S = S - S

-
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As the crystal rotates, so does the the reciprocal lattice

As a reciprocal lattice point passes through the Ewald sphere, a diffracted

beam is observed along the line from the sphere centre to the reciprocal
lattice point
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The part of the reciprocal lattice which intersects the sphere is projected on to the detector

Reciprocal lattice point
on sphere

Spot on detector

Xray beam

Detector

As the crystal rotates, each lattice point in turn passes through the sphere,
and a spot is recorded on the detector
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We can use the Ewald construction to understand
* what diffraction images look like

* how to collect a complete dataset without missing bits

More about data collection strategy tomorrow
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Detector position

Resolution sphere
radius 1/dmax

For a maximum resolution of
d..., all diffraction vectors S must

lie within a resolution sphere of
radius |/d, .,

Ewald sphere

radius 1/

As the crystal rotates, the
diffracted beams all lie within a
cone of semi-angle 20, ...

NMd. .. =2sin0

o
‘i

Cone of diffraction max max

) X Detector
semi-angle 260

For long axes (close spot
separation) it may be
necessary to use a long
detector distance and an offset
detector

A detector centered on the
beam collects the whole

cone ey

This gives optimum
efficiency and simple
strategy This gives a lower efficiency,
and to get complete data

The corners of a square ____ requires a complicated
detector collect incomplete strategy
data
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The appearance of diffraction images

Reciprocal lattice points lie in layers
(planes). Each plane intersects the
sphere in a circle, and the spots
projected on the detector lie in
ellipses

If the crystal is rotated through a
small angle,each circle is broadened
into a lune.All the spots in a lune
belong to one plane of the
reciprocal lattice (not necessarily a
principal plane)

illustrations from Zbyszek Dauter
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The full diffraction
pattern (ie the reciprocal
lattice) is 3-dimensional,
and we want to measure
the whole sphere to the

maximum resolution
(radius) available.

The dataset should also

be complete in dynamic

range, including weak &
strong spots, ie avoiding

o=
e - LI} — . Joyr - A
b . ‘A | ~ \ A 740 ! Ve (ol < - > o W
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Beam divergence 0 and mosaicity 1
add up to increase the angular width
of the diffracted beam

High mosaicity causes
broadening of the lunes
Most obvious along the
rotation axis

rotation angle ¢

Reflection width in rotation

= 0 + 1 + geometric factor

(geometric factor depends on angle between the rotation axis & S)
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Images: fully recorded and partially recorded reflections

We want to determine the intensity of a reflection, integrated over its extent in
reciprocal space by rotating the crystal so that the extended reciprocal lattice point

passes through the sphere.

CCD and image plate detectors take a significant time to read out, so for these have
to close the shutter & stop the rotation (simultaneously!). Pixel detectors (eg Pilatus)
with very fast read-out can be used with continuous rotation with the shutter open. In
both cases our sampling of the 3-dimensional reciprocal space is in consecutive slices,

typically of between about 0.1° and |°

intensity profile

gmaisy  Petallyiecomed Depending on the slice width and the reflection
images : % -
width a reflection may occur on one image (full
or fully recorded) or on several (partial or
partially recorded)

¢ rotation

images
large o¢ fully recorded

_ intensity profile
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Overlaps and rotation range

Current integration programs assume that spots are resolved, both on the
detector and on rotation ¢. This means that the intensity goes down to

background all round the spot

Resolution is a problem for large unit cells, high mosaicity and high resolution

Overlap between spots on the detector is easy to see, but to understand
overlap on ¢ we need to look in reciprocal space

When a closely-spaced row of spots (eg along a*)
is moving perpendicularly into the sphere, their
T diffracted beams almost coincide. The spots are
superimpose on top of each other on the detector, and are

7 only separated on ¢

Maximum slice width = (a*/d*) - w

angular spot =d/la-w

separation = g : 2z
1/resolution = d* =§./d,l w = reflection width = 0 + N

eg cell = 200A, resolution = 2A, width = 0.3°

Maximum Slice = 0.27°

If possible, orient a long axis along the rotation
axis to minimise overlap problems
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Integration of diffraction images
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Integration
Images = hkl | of(l)
Two distinct methodes:

* 2-D:integrate spots on each image, add together partially recorded
observations in the scaling program. MOSFLM, DIALS, DENZQO,
HKL2000, etc

* 3-D:integrate 3-dimensional box around each spot, from a series of
images. XDS, D*TREK, SAINT, DIALS etc

For today: MOSFLM

Starting Point: A series of diffraction images, each recorded on a 2D
area detector while rotating the crystal through a small angle (typically

0.2-1.0° per image) about a fixed axis (the Rotation/Oscillation
Method).

Outcome:A dataset consisting of the indices (h,k,l) of all reflections
recorded on the images with an estimate of their intensities and the
standard uncertainties of the intensities: h, k, |, [(hkl), o ()

some integration slides from Andrew Leslie
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New things in and around CCP4
DIALS - http://dials.sf.net

What is it? New data integration software suite including indexing,
refinement and integration, for rotation experiments and XFEL snapshots.

Why are we doing this? Modern detectors & experiments pushing

software: also want to develop new algorithms. It is time for 21st century
software.

Using DIALS: processing steps explicit, find spots, index, refine, integrate,
export to MT/Z, scale with AIMLESS

Gwyndaf Evans, Graeme Winter, David Waterman, James Parkhurst, Luis Fuentes-Montero — DIAMOND

Nicholas Sauter,Aaron Brewster, Johan Hattne — Lawrence Berkeley National Laboratory

@ L0Pd DiALS

Tuesday, 4 November 14


http://dials.sf.net
http://dials.sf.net

DIALS

What, no GUI? We are focussing on algorithms, GU| about same
amount of effort

Results: Data quality today consistent with leading packages.
Currently working on chasing XDS in terms of data quality. Also we

have support for modern detectors e.g. Pilatus 12M on Diamond's
123 and CS-PAD at the LCLS
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DIALS

It does work! (but still very much under development)

Low resolution limit 71.03 71.03 1.32
High resolution limit 1.30 7.12 1.30
Rmerge (all I+ and I-) 0.087 0.037 0.887
Rmeas (all I+ & I-) 0.096 0.040 0.982
Rpim (all I+ & I-) 0.040 0.017 0.415
Total number of observations 649690 4514 30623
Total number unique 115431 793 5655
Mean((I)/sd(I)) 10.6 34.4 1.7
Mn(I) half-set CC(1/2) 0.998 0.999 0.688
Completeness 100.0 100.0 99.9
Multiplicity 5.6 5.7 5.4
R* 23.50

Rfree* 24 .31

<o DIALS

Difroction Inlegrosion for Advonced Ligh Souwces
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Note that a series of
images samples the full 3-
dimensional reciprocal
space, Bragg diffraction

and any other i

phenomena, all scattering
from crystal and its e

environment. : 3

In practice, defects in the crystals (or
detectors) make integration far from trivial, eg
weak diffraction, crystal splitting, anisotropic
diffraction, diffuse scattering, ice rings/spots,
high mosaicity, unresolved spots, overloaded
spots, zingers/cosmic rays, etc, etc.
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Integration

We want to calculate the intensity of each spot: then working backwards —

* The simplest method is draw a box around each spot, add up all the
numbers inside, & subtract the background (or better, fit profile)

* To do this, we must know where the spot is: this needs

— the unit cell of the crystal

— the orientation of the crystal relative to the camera

— the exact position of the detector

* To find the unit cell and crystal orientation, we must index the diffraction
pattern

— this can be done by finding spots on one or more images
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successive stages
of analysis

iMosflm window

[ Session Settings \

\ IMosfim version 7.1.1, 24th March 2014

Help
Oea @& | [ - )
|
@ Im{gos
| |
Images Lattice 1 Unknown
Spacegroup Unknown
+ @ Mosaicity 0.00
£3 Mosaic block size 100
¢ -g,l'
History
J
| Hamlngs 0
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Select and load images

viiMgosflm version 7.1.1

Session Sgitings 47 click to open file browser
0 & | |
@ Images
Images ¥ Lattice 1 Unknowmn
* spacegroup Unknown
- B Mosaicity 0.00
(] Mosaic block size 100
. ® OO0 \| Add images
a/ ' : e/ Projects/Et v| Ql g_l
& ' (\L double-click on any image to import
I_{; - g . i .
(61817 T-ET-007. img the whole series
[)61817_1_E1_004. img
M [)61817_1_E1_005. img . . .
C161817_1_E1_006. img This also opens the image display
[)61817_1_E1_007.img : -
D61617 1 EL 008, img window for the first image
@ [)61817_1_E1_009. img
History [)61817_1_E1_010. img /

File name: Open

File type: |Image files (*.img,*.mx| Cancel

List with: Names_increasing |

I Selected files only 4
T —"
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MOSFLM recognises most image formats, and tries to extract useful information from the header

® 00 il '\| iMosflm version 7.1.1, 24th Mar:
Session@Beam centre Distance

O ® B @ &152.90 [#158.30 [«230.00
O Images
Images I3 Lattice 1 Unknown
¥ sSpacegroup Unknown
+ & Mosaicity 0.00
ideodn (5] Mosaic block size 100
9 B Sector 61817 1 E1_#4#.img  9:187.00->7.00
4 Q Matrix Unknown
/ O Image 1 p(r):187.00 - 188.00 ™ |mage Phl ranges
O Image 2 p(r):188.00 - 189.00 ¢
: () Image 3 p(r):189.00 - 190.00 . ’
& ® Image 4 p(r):190.00 - 191.00 8 0.0 2] Experiment settings
® Image 5 p(r):191.00 - 192.00 . e
) Image 6 p(r):192.00 - 193.00 EKQEL!M] D'e'leaor]
Aﬂﬂh ® Image 7 p(r):193.00 - 194.00 Project: New Project
A Twmamren 2 a2l 104 NN - 146 NN -
Crystal: New Crystal
Dataset: New Dataset
Title: Untitled
i : : B ition: X :
Parameters may be reset in the main window, or SRS YE:B e )
: : : : : 2 ¥ 158.30
in the Settings — Experiment settings window Eo/stalio/detecior distence (i) MB35 30 60
Beam divergence: X(°) | 0.02
Y (°): I~ 0.02
Wavelength (3, A): [0.9798
Wavelength dispersion (A): [0.0002
. . Beam polarization: | 0.95
A few beamlines have a “reversed” spindle: Detector angle (26, °) .00
this can be indicated here — gef‘ee;g?:md;;ea‘f"°“ g SR '°‘a"°[__g_0 B

Invert X direction TRUE/FALSE: T =]

Close |
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What can go wrong?

800,

I\ iMosfim version 7.1.0, 6th March 2014

Session BEEGEE

O@ B @&|&149.10 [#144.21 [+230.00
@ Images
Images {1 Lattice 1 Unknown
¥ Spacegroup Unknown
+ & B Mosaicity 0.00
. Indexing Mosaic block size 100
Some Image sets have 5 Sector BbKITrypsin2_1.####9:180.00->180.50
. Q Matrix Zunknown N
wrong Phi ranges, eg all the & @ Inage 1 ®(r):180.00 - 180.50
® Image 2 p(r):180.00 180.50
Same N ® Image 3 p{r):180.00 - 180.50
6 4 ® Image 4 @(r):180.00 - 180.50
‘ @® Image S5 p(r):180.00 180.50
© Image 6 p{r):180.00 180.50
m @® Image 7 p(r):180.00 180.50
® Image 8 p{r):180.00 - 180.50
e no '\ iMosflm version 7.1.0, 6th March 2 C’(r’ :180.00 - 180.50 )
Session Settings
D& B8 &|#149.10 [%144.21 [¢230.00
@ Images
Images 1 Lattice 1 Unknown
¥ Spacegroup Unknown
+H B Mosaicity 0.00
Indexing (] Mosaic block size 100

B4 Sector BbKITrypsin2_ 1.####¢:180.0->293.0

1

O Image 2 p(r):180.5 - 181.0

& ® Image 3 p{r):181.0 - 181.5

Y © Image 4 p(r):181.5 - 182.0

s ® Image 5 pl({r):182.0 - 182.5

O Image 6 p(r):182.5 - 183.0

AML O Image 7 o({r):183.0 - 183.5

© Image 8 p(r):183.5 - 184.0

® Image 9 p(r):184.0 - 184.5

@ Image 10 p(r):184.5 - 185.0

@ @® Image 11 p(r):185.0 - 185.5
D 4 \ —f . _10rC c 108 N J

Q Matrix Unknown
Oy Image p{r):180.0 - 180.5

click first range, edit, and all will change
to consecutive ranges
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Image display window: see Tutorial for details

Mosfim version 7.1.1, 24th Marc
Image View Settings

N TR T SGan so[ S]6 © W © Wil - Controls:
¢ % 0BEGQ +x 90020 k | O % | Zoom&Pan
. / \ choose overlays eg spots
Display main Edit tool move main beam
beam position edit backstop mask
etc

| Main beam in
y ——— wrong position

Note manually drawn mask
for beam-stop shadow Moved to roughly right position
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Indexing

If we know the main beam position on the image,
we can count spots from the centre

To do it properly, we need
to put the spots into 3
dimensions, knowing the
rotation of the crystal for
this image
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Detector

Back-project each spot on to Ewald sphere, then
rotate back into zero-¢ frame

This gives a list of vectors which all lie on
the reciprocal lattice, with some errors.

We then want to find a lattice which best
fits these vectors.

The best way to average out the errors is
to use a Fourier transform into real
space
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Consider every possible direction in turn as a possible real-space axis, ie
perpendicular to a reciprocal lattice plane. Project all observed vectors on to
this axis

Fourier transform

|/a

Lattice plane normal to lattice plane: vectors cluster at lengths which are
multiples of the lattice spacing. Fourier transform shows sharp peaks

— : Fourier transform

Non-lattice direction, random length. No peaks in Fourier transform
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| D Fourier transform of projected scattering vectors

800.0

600.0

400.0

200.0

0.0 - — ks Laa '
0.0 100.0 200.0 300.0 400.0 500.0 600.0

Axial length (A)
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Pick three non-coplanar directions which have the largest peaks in the
Fourier transforms to define a lattice.

This is not necessarily the simplest lattice (the “reduced cell”)

In the 2D example shown, the black cell corresponds to the reduced cell, while the red
or blue cells may have been found in the autoindexing.
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e 0o
Session Settings

'\ iMosfim version 7.1.1, 24th March 2014
Help

O @ B|/#156.17 [#152.84 [¢230.00 |[4&5.00 [@10.0 [540.51 [Z:0.61 [§:0.00 | .5 |[A 20 @ |« 88 83 (88 366 [0 2.5 m]

Autoindexin .
o g /change images to use
Images 6181 7_1_6]_‘#'.""9 :rl , 90 O % % ’.,_,‘;', Index I:I
; + Image | ¢ range |_auto | _Man | _Del | > I/c(I) | Find |Use]
|ndex|ng e Q! 187.00 - 188.00 611 0 0 320 @ SERPAS
9 @ 90 276.00 - 277.00 640 0 0 293 @® o ek, FEUR T o
R
Stateay Finds spots on 2 images ~90" apart, according BT
. . - .":;‘s"'.\:“ X L'-:s KN
4 to set criteria e UEETC
Cell Refinement % gt A5
" @ Total 1251 0 0 613 :
Integration Lattice 1 ]
Solution | Lat. | Pen. | Kl b ¢ | a | g | | o) | & beam IIS
@ S 1 (ref) ap 0  35.3 44.2 176.8 104.0 90.2 1.17 1.20 ( 0.4)
, @11 2 (ref) aP 0 35.3 44.2 76.8 76.0 89.8 1.17 1.20 ( 0.4)
History ched: (ref) .2 .3 .7 .0 .0 1. 1.20 ( 0.
@11 4 (ref) me 35 149.9 44.1 35.4 90.0 89.4 1.04 1.20 ( 0.8)
) : i i i 5 148.5 35.3 90.0 90.1 1.20 1.10 ( 0.7)
Finds a solution and imposes possible lattice cell s 1456 35.5 900 0.0 1.20 1.10 ( 0.7) ||
. . . 3 44.2 76.9 90.0 90.2 - -
constraints, chooses the highest symmetry with 5 765 a2 o , : , -
.3 4a.z 76.9  ocln this case there is a high -
low penalty 7 35.3 44.2 9 .. ) -
| WAl Li \EeY) m 1490 23.2 )i 76.9 9( P Sltlonal reSIduaI -
Tl Mosaichy sathnation ( ':' 12 (reg) mIl 179 56.6 153.3 35.3 9C. v AGU.V IV .V - - -
| @313 (reg) oI 179  35.3 44.2 153.3 90.0 90.0 90.0 - - -
M e - =11 14 (reg) wc 180  56.6 56.6 76.9 90.0 101.1 90.0 - - -
inage: 61817_1 €1 Giing = @13 15 (reg) mC 180  56.6 S6.6 76.9 90.0 101.1 90.0 - - -
@11 16 (reg) tP 182  39.8 39.8 76.9 90.0 90.0 90.0 - - -
reneo b @317 (reg) o€ 182  56.6 S56.6 76.9 90.0 90.0 90.0 - - - /
it gt O Show lattices sunmatyl[+] Search beam-centre [+]
] . Spacegroup: P2 v
e Mosaicty: B oss ewnme | CNaNge chosen spacegroup
::, = \ [Green Jwarnings 0
el Estimates reflection width
vesov @ o eeee]  (mosaicity)
e | beam centre search
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What can go wrong?

If indexing fails:
check main beam position
try main beam search (button)
try different images — try single images or more than two
change maximum cell edge
change spot selection criterion or resolution range
if indexing works on one image, but not on two, consider reversed phi

How do you know if it has worked?

Examine critically the predicted pattern superimposed on the image

the prediction should match the observed pattern without extra unpredicted spots
Low value of penalty and O(x,y)
NB the true symmetry cannot be determined until after integration

' In this case the predicted pattern (blue
o and yellow boxes) does not explain all the
\ , found (observed) spots (red crosses)
ie there are two lattices

Note the overall pattern of

Lk L prediction: red reflections are
| G overlapped, green too wide to
P . - measure. Overlaps come from too
‘ W/ . wide image width. Both are due to
> : ¥ " high mosaicity, and are unmeasurable

(maybe fake mosaicity and spot size
to improve completeness)
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Indexing - choosing the “best” solution

Solution Lat. Pen. z b C a Fid 7 g (xy) gle) & beam
I:I 1 (ref) aP U 6l.3 8l.9 82.3 90 U 90.1 Su. U J.17 0.43 0.01 ¢ 0.0)
11 2 (ref) np 0 81.3 81.9 82.3 90 0 90. 1 80. 0 1.16 0.43 0.00 ( 0.0)
11 3 (ref) AP 0 81.3 81.9 82.3 90 0 9.9 80. 0 0.17 0.43 0.01 ( 0.0)
I1 4 (ref) 2P 1 81.3 82. 3 81.8 90 0 90.0 90. 0 1.18 0.44 0.00 { 0.0)
115 (re) nP 1 81.8 81.3 82,13 ap o0 ap. 0 Q0. 0 0.18 0.44 0.00 ( 0.0)
116 (ref) oP 1 81.3 81.8 82.3 ap 0 ap. 0 90. 0 0.18 0.44 0.00 { 0.0)
11 7 (red) ne 3 116.2  115.8 81.4 ap 0 ap. 2 90. 0 0.18 0.48 0.00 (0.0) | |
11 8 (ref) tp 82.1 82.1 81.3 0.0 0. 0 g0, 0 ). 22 0.45 0.00 { 0.0)
11 9 (ref) ot 3 TG0 LG 81.3 ap o 0. 0 90. 0 0.21 0.46 0.00  0.0)
11 10 (ref) ne 3 116.2 1158 81.4 90 0 0. 2 80. 0 0.18 0.48 0.00 { 0.0)
1 11 (ref) ne 4 115.5 115.3 822 90 0 90.1 80. 0 0.24 0.43 0.01 { 0.0)
11 12 (ref) o 4 115.5  115.3 82.3 90 0 90. 0 80. 0 0. 24 0.42 0.01 ( 0.0)
11 13 (ref) LP 4 81.6 81.6 82.3 90 0 90. 0 80. 0 2.24 0.42 0.01 { 0.0)
11 14 (ref) nC 4 116.5  115.3 82,2 90 0 90. 1 90. 0 1. 24 0.43 0.01 ( 0.0)
11 15 (ref) hR 6 115.5  115.5  142.4 ap o 90.0  120.0 1. 28 0. 49 0.01 ( 0.0)
11 16 (ref) hR 6 115:7° 1157 d41:7 ap 0 90.0  120.0 0. 35 0.44 0.01 ( 0.0)
III 18 (req) ne 248 81.3  183.3 81.9 a0 0 0. 0 90. 0 B z =
" 19 (rea) ol 248 81.3 1833 81.9 ap_ 0 0. 0 90. 0 = = -

Spacegroup: (P23 v

Mosaicity: |@ 0.92 | Estimate Note that the list of solutions given by Mosflm are in

fact all the same solution, with different lattice
symmetries imposed, so that if the triclinic solution
(number 1) is wrong, then all the others are too

Normally the solution with the highest symmetry from the group of solutions with
low penalties is correct. However, beware of pseudosymmetry !

Note here that the chosen solution (cubic) has a G(xy) value of 0.34mm while for
the (correct) orthorhomic solution this value is 0.18mm

The true symmetry can only be determined by integrating some of the images

If known, the true space group can be selected from the drop down menu
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Indexing multiple lattices

X\ iMosflm version 7.1.1, 24th March 2014

Session Settings Help
O® B |#156.27 |#152.86 [¢2230.00 ||&5.00 |@10.0 [40.51 |T:0.61 |§:0.00 ',;-:,IA 20 @ ez 28 23|22 363 (0 2.5 m
@ Autoindexing
Images 6181 7_1_El_#0#.img .Il , 90 @ % % [3 Index j
+EH Image | ¢ range | Auto | Man | Del | > I/o(I) | Find |Use| Index mdtlple lattices
o [ 187.00 - 188.00 572 0 0 296 @ —
il @ 90 276.00 - 277.00 573 0 0 261 ® niiose, 28 8588 2%
LTI PR S
S
. . . o ."".-Q.. o 3 .
choose multilattice option i R R
. Rl T
G 4 lattice tabs from pull-down O, e
Cell Refinement EATINE GRS
. Total { 1145 0 0 557 T
Integration Lattice 2
_Lat. | Pen. a | b | e |« J B | v | _oxy | oe | 8 beam |
@ 911 1 (ref) aP 0 35.3 44.1 77.0 104.4 90.0 90.0 0.07 0.31 0.04 ( 0.0)
=211 B 1 .3 .0 .0 .4 .0 0. 0. 0.04 ( O.
History 211 3 (ref) aP 0 35.3 44.1 77.0 75.6 90.0 90.0 0.07 0.31 0.04 ( 0.0)
211 4 (ref) mC 31 44.2 151.3 35.3 90.0 90.0 90.0 0.31 0.45 0.15 ( 0.1)
911 5 (ref) oC 31 44.2 151.3 35.3 90.0 90.0 90.0 0.31 0.45 0.15 ( 0.1)
211 6 (ref) mC 31 151.4 44.2 35.3 90.0 90.1 90.0 0.29 0.44 0.17 ( 0.1)
913 7 (reg) mp 98 35.3 44.1 77.0 90.0 90.0 90.0 - - -
217 8 (reg) mp 98 35.3  77.0 44.1 90.0 90.0 90.0 - - -
233 9 (reg) oP 98 35.3 44.1 77.0 90.0 90.0 90.0 - - -
A1 10 (reg) mC 145 95.1 35.3 77.0 90.0 103.3 90.0 - - -
213 11 (reg) me 145 157.9 35.3 44.1  90.0 104.0  90.0
Lattice | SsmbolJ Penaltv | a | S lit

summary of lattice solutions

Show lattices summary[- Search beam-centre[+]
Spacegroup: |
Mosaicity: B  0.50 Estimate |

| [Green Jwarnings 0
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Display of multiple lattice solutions S e
0"“ - vl . .‘»

display all lattices, in e .
different colours 4 - display lattice |
e Nno | 1 (9:187.00-188.00) - iMosfl ion 7.1.1, 24th M h20'~ll .. ‘
@ [61817_1_E1_001img v Goto Sum 1l ® OB attice 2w *
s xuDEBEO Qe 29BN k| s
.
L) »
8
..
a . .
. . 0
0
= w
- « ©
: -
. s i A e | o
5 @ 61817 _1 E1_001.mg v Goto Sum * ® @ BW Lattice |2~
s . " ssxomame ale x 29000 I'O
0 - " . .
e ) " display lattice 2
o |
[ [ (] [ [_] .
Processing multiple lattices: warning g
U -
* Very much under development and test
* It may be better to ignore a weak 2nd lattice ol
. of
e Caveat emptor!
-

Tuesday, 4 November 14



Useful before data collection,
after collecting (2 or 3)
orientation images and

indexing

* choose start point and total

rotation range

e explore maximum rotation
range/image (NB never 1°!) to
avoid or minimise overlaps

* find range to collect on eg
2nd crystal to complete partial

data from first

* multi-segment strategies

Strategy

enono

\ iMosflm version 7.1.1, 24th March 2014

Session  Settings Help
DO 0 ¥ E 2 Spacegrow: 44 v 'Qx.vso"ozv.oz 0.75 04 0.60 | 21.50 Save Load Add (m]
Strategy
Images | Matrix J ¢ start ¢ end J ¢ extent | U=°J Auto-complete ]
B gxe_001 11 101 90
+ 3
Unigue data  Anomalous data
Indexing \ Auto-complete..
Matrixc gzxe 001 -l
- — O, O,
& Rotation; |Auto »| 99.0% H94.7%
Strategy Segments: |1  »J
13., ~ Optimize for anomalous data Mean mulipicity: 3.5
Cancel Ok
Cell Refinement
Check for gverlaps J
‘ | Axis |.x Yy ].2 | Closest to rotation axis |Unique axis |
negrabon a 90.3° 74.1° 164.1° / 15.9* to ¢ axis
b 99.0° 161.8° 105.7* X =30.6* to XZ plane
@ e 171.0° 81.4° 87.3° X 8.6° to XZ plane
History
Predicted completeness of Bjvoet pairs by resolution v
B N

start point | |°

range 90°

100

80

60

40

<0

0

225 205 1.90 1.78

Sensitive to parameters from indexing:
— point group
— mosaicity
— maximum resolution

see tutorial for more details, also tomorrow’s talk

{Green Jjwarnings |
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choose lattice

Cell refinement o

mosaicity should be
sensible (not = 0!)

800
Session Setting

Do #

S

f

\ | iMosflm version 7.1.1, 24th March 2014

selected images: 2, 3 or 4 wedges

Help
IV'T—‘-]

Cell refinement click to run
'\_t_/ \
}y 1317_1_51_m.img<,1-4, 46-a3, 51-57 ) o Q ( Process | )
- +m [ !
Funte eI 8] [ 5o —==l central spot shape,
I 15283 O | 008 : for each image
Distance 22980 [ a g
y Y-scale 10001 [ Twist 46
Strategy 8 st :g
Tangential offaet o000 [ g?
Reackal offset o000 [ 0.00- @
RMS resiual 0032 3
Cell Refinement | gyss res (central) 0026 |
RMS 0370 -0.044
MS res. (weighted) 0.04 f—ilf-l-l
cegaon  jnstrument parameters | oo spots should be centred
\ ) ) . .
@ Parameter | Vae | Fox | | o, |RMS residual ~||
History 9
1.0 —
a 4415 [_1 ns » e .,0“ 0.044+ x
b ol seee 0.0404 R \
¢ w0 [ 0sd / A \
a s0.00 [J {4 0.036 [\ \
p 10413 [ > (R "
Y %000 [} “ 00324 / |\ N, g Cycle2
0O 0 ff \ Haaima
A 0.0284 \
sal - e %} s £ u
| 00{ pma &g 0.024- ~- /N
crysta parameters /
02 . . 0.020 . — ; . ,
4 43 94 2 4 47 43 %2 %4
Cell | al b| c| | g | z |
{3 Initial 44.15 35.33 76.76 90.00 104.07 90.00
I3 Final 44.15 35.30 76.70 90.00 104.13 90.00
reSUItS Std dewv 0.01 0.01 0.02 0.00 0.01 0.00

I

[Green Jwarnings 0

It is best to refine the cell from 2 or more widely-spaced wedges, then fix it during integration.

Refinement works badly at low resolution (> ~ 3.5A), particularly in low symmetry: just index from
several images (eg 5 or 6)
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RSP \ iMosflm version 7.1.1, 24th Marc/ . .
ST May be good idea to integrate

O @ & ®@6iei7 1 g1 00t lacticelmez - o e nsee d few images first (eg 1-20) =]
all images selected

@ Integration

V4 A Y
. - D— -
ChOOse Iattlce ‘ B::'mm:tu ] 1\5':;71_%‘_1 Deg. _h%é central Spot shape’
Indexing Beam y 15283 [ 012 :g for eaCh image
Distance 22880 [ 163 ) '
y Y-scale 08335 [ 0.08 170
0 Twist 171
Strategy 0 0.04 12 .
Tangential offaet o000 [ :
If Radia offset o000 [ 0.00 :;; | |
RMS residual 0.056 176 | S
Cell Refinement RMS res. (central) 0.030 -0.04 177
RMS res. (weighted) 0670 -0.084 ' i ‘ 19 . .
. A . | 100 150 —/1 spot size set automatically
Integration .7,  instrument parameters ‘
- P v o veey o] | g parameters should _siod | : T,
a Y I .\ N .
@ 1.2 vary smoothly 2 *L® i_l_‘_ S
[ T
History R “is : L) ‘l'!”l OF )
b 3530 g — —
fix mosaicity if it~ ol e slellecllel®
A 10413 3 [ -
reﬁnes to O.or - 00 B A e ;(.J
increases wildly ~> O . Rl
04 . 3 af ) !—:I
crystal parameters (fixed cell) 100 / ol
Parameter Ful Partin __mage || ||« spot shapes across detector
<l (pef) 14.30 10.40 165
o(lp (m) 1430 104 163 |8 3% W Full reflections
Reflections [ o8] 1026] 171 40+ [0 Partial reflections
<la(le HA (prf) 3.50 1.70 172 30
<1y HR (sum) 370 190 173
Reflections HRA 22 157 :7‘ 204
Overloads 0 lg 104
Bad spots 0 177
Spa!ial overlaps 0
mm e > — 179 = e 4s 32262320191.716 Mean
| [Grange [wamings 2
P4
look out for red
For multiple lattices, run for each lattice, writing a different MTZ file warnings
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QuickSymm and QuickScale

n 7.1.1, 24th March 2014

) || Quicksymm  Quickscale || s

ket
— e
[m] 2

[Run Pointless followed by Almless/Scala and Ctruncate

=D @ o @

Ay

QuickScale runs:

[* If there are multiple lattices, FECKLESS

to combine lattice files]

* POINTLESS to determine the point
group and maybe the space group

* AIMLESS to scale and merge the data
« CTRUNCATE to convert | to F and
detect twinning

* FREERFLAG to generate a Free-R set

Options may be set from Settings
(more options are available from ccp4i)

-
click to show actual log file . @

Quick Scale

B Run of FECKLESS on 30/ 4/2014 at 13:15:47
Of Run of POINTLESS on 30/ 4/2014 at 13:15:51
Qi Run of AIMLESS on 30/ 4/2014 at 13'15:53

* Result

Summary data for

Multilattice data, musber of lattices = 2
Statistics from singletons caly

Overall Innex

Project: New Crystal: New Dataset: New

Preferences  Cxit

Stell OuterShell

Low resolution limit 42.78 42.78 1.65
High resolution limit 1.62 8.8% 1.62
Rmorge (within I+/I-) 0.138 0.042 1.95%
Reorge (all I+ and I-) 0.151 0.0%) 2.022
Raoas (withim I¢/I-) 0.160 0.050 2.420
Rzcas (all I+ & I-) 0.168 0.05% 2.292
Rpim (withias I+/I-) 0.09% 0.026 1.416
Rpim (all I+ & I-) 0.071 0.024 1.043
Recrge in top intensity bin 0.047 - -
Total number of observatioans 150753 1182 5256
Total number unique 28405 202 1258
Moan((I)/sd(3)) 5.3 6.5 2.9
Ma(I) half-set correlation CC(1/2) 0.9%0 0.997 0.12)
Cozpleteoncas 96.5 99.4 .
Multiplicicy 5.3 5.9 4.2
Anomsalous completeness 89%.4 98.2 71.1
Anomsalous sultiplicity 2.6 3.4 2.4
PelAaom correlation between half-sets 0.126 0.476 -0.026
Mid-Slope of Anom Normal Probability 1.1%6 - -

Estimatos of resolution limits: overall

from half-dataset correlation CC(1/2) » 0.50: limit =
from Ma(l/ed) » 2.00: limit =

1.72A
1.62A ==

Estimates of resolution limits in reciprocal lattice directions:

Aloag 0.78 h ~ 0.63 1

from half-dataset correlation CC(1/2) > 0,50 limit =
from Mn(I/ed) > 2.00: limit =

Aloag k axis

from half-dataset correlation CC(1/2) > 0.50: li=zit =
from Ma(I/ed) > 2.00: limit =

Aleag 0.14 h + 0.99 1

from half-dataset correlation CC(1/2) > 0.50: limit »
from Mn(I/sd) > 2.00: limit »

Anisotropic deltal (i.e. range of principal composents),

1.77A
1.66A

1.68A
1.64A

1.67A
1.620h »»

A2y 640

output as for ccp4i

saxisus resolution

maxisum resolution
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Parameter options

The Settings menu allows many parameters to be changed

Integration parameters

eg to control the box size to reduce overlaps

\/| Processing options

]  Advanced I Advanced ] SutSnln A
Measurement box parameters (pixels) -
Box width: | 17
Box height: | 17
! Comer cutoff: 11
Border width: [ 5
Border height: \ S
Optimise parameters for central profile ~
K Optimise parameters for standard profiles ~
Optimise overall box size ~
| Profiles —
p Max pixel value: | 00
8 Threshold for spot inclusion (Vsigma): 2
d Tolerance: Minimum (low resolution region): ’_“0‘“0*2"
! Maximum (high resolution region): 0.03
' Optimise profile tolerance

Profile averaging measurement box smaller, decreasing it will make it |
Minimum number of spots: | For laboratory sources, 0.01 is usually a good value,
Maximum FMS background synchrotrons 0.03; for very close spots or strong diffra

lncnasllg this value will make the peak region of the

GOI‘I

up to 0.05 may be necessary
Profile ouwlier exclusion
t  Width of resolusion shells for ice rings: | _0.005
Fraction of strongest reflections excluded: | 0.05
Exclude reflections lying near ice rings vV
Integration - = 2
Nul pixel threshola: ‘ 0
Maximum reflection width in ¢ (*): | S
Pixel saturation value 65500
Rejection Criteria -
BGRATIO: | 3.0
PKRATIO: | 3.5
Maximum background gradient: | 0.0300

-~

=ARAMIR

Options for QuickSymm & QuickScale

e non '\ Processing options
Spottinding| ndewing | Processing| SRR | AbGEER | S%HIEA
Pointless options

HKLREF file: [} Browse |

=

T il fil = 77 fil =
reat multh-lattice MTZ files Surplzethe name of the MTZ file to be used as a refere
Pointless, Aimless/Scala & T or testing alternative indexing schemes (if required)
<program_name>_[61 617 ~

nce

Pointless, Aimless/Scala, Trmcate & Unlquelfy switches
Use Scala NOT Aimless in QuickScale option
Use Truncate NOT Ctruncate in QuickScale option

_l

T
Use Mosflm symmetry in QuickScale option ™
Treat anomalous data in QuickScale option Vv
Fraction of reflections to be tagged with each free-R indicator: [

{ Multiple MTZ files -

Browse

Clear

Aimless/Scala parameters -
High resolution limit:
Low resolution limit:

List or range of batches to exclude:

I Clear
Spacing for scale factors (degrees): -
Spacing for B factors (degrees): 20
Accept profile fitted estimate of overloaded reflections -
Accept partials with total fraction between (lower limit); | 0.95
and (upper limit): | 1.05
Outlier sigma rejection cutoff: 6.0
Apply same SD correction parameters to all runs -

Set SDB term of SD correction to zero -

by |

Close |
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Integration — what should NOT happen

o0 | B R
Integration
3A weakly diffracting data, ol
monoclinic cell o | d @ ®
A
indexed from the first image only e
- v L]
- " i
(=]
Deqg. mm Deg.
0- 375.5- 0.8+
. i Dist ' kD]
M om 3750 148 P )
-2- 374.5- r
740 0.0-4 '-!'"'M
Twist
-4 . . : : 373.5 : : : : 0.4 : .
50 100 150 50 100 150 100

Excessive variation in detector Tilt/Twist and distance also indicate a problem
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Integration — what should NOT happen

Integration

The situation improves

significantly if the cell is refined A =S8
(using 2 segments of data)
- + .
- - .

Cell parameters:
Initial a=148.4 b=130.8 ¢=209.6 P=107.3

Refined a=147.8 b=130.8 c=210.4 [=108.0
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Icy Issues

A e e s | Image View Tools
t= : S o o [9086_12_001.mocd
N "&en Ee:0BE[Q+r 1900
i ‘=“£¥£;? élwﬁéf“ il = B
. ' g B
podimy
FRE
i,
);.%ﬁ# S .0\._'_"_1.2;
7 L
ES J RS LA
A 1O
| sl
Tghe~ A
V&S -
ﬁgmg-ﬂ-L_._o_; om
=
£ =
IR T
a b’
°
30
o
. "\_E'& | y
BT e e E
— ..‘;’m”l . . .
. oy - Excluding spots in the resolution shells
P o o . .
s corresponding to the rings helps improve the

"@4
s

QY
ORCTE

m

profiles, but leads to lower completeness (eg 98-
>89% at 2.6 A)
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