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Overview

* How to process and scale your data with Mosflm and Aimless
* Focus on interactive data processing in iMosflm
 Careful scaling using the CCP4i graphical interface



What are we doing and why are
we doing it?



Compute the intensity
(and structure factor) of
each bragg spot in a set
of diffraction images

K = constant for given crystal
L. = Lorentz factor
p = polarization factor




p(x,y,z) = —1 z‘ 21 Z‘ Fhkle—Zni(hx+ky+lZ)
h k 1

Electron density at every point in the cell depends on the intensity of
every reflection. We need to measure out intensities as well as possible!



Warning: garbage in, garbage out

Data collection is the last experimental stage; if you collect bad data
you are stuck with it! Data processing programs won’t be able to
rescue you!



iIMosflm

Data processing and scaling with Mosflm and Aimless



Programs

Load images
Find spots and index
Refine cell parameters

Integrate reflections

Check symmetry
Scale and merge data

Convertlto F

s =

Mosflm

Pointless
Aimless

Ctruncate
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The iMosflm GUI



iMosflm Mar 2014 {using Mosflm 7.1.0)

I rattice 1
3k spacegroup
+ EH B Mosaicity
Mosaic block size

Unknown

Action buttons:
1. Create session
2. Open session
3. Save session
4. Add images

-wamlngs 0
£




iMosflm Mar 2014 (using Mosflm 7.1.0)

@ [& E; & [m]
mages
I rattice 1 Unknown
3k spacegroup Unknown
B Mosaiecity 0.00
Mosaic block size 100

Task palette:

Only available tasks
are live, i.e. when no
images have been
loaded, you can only
load images (not
index, refine, etc.)

-warnlngs 0

£




iMosflm Mar 2014 (using Mosflm 7.1.0)

T

Images
I rattice 1 Unknown
3k spacegroup Unknown
B Mosaiecity 0.00
Mosaic block size 100

Activity indicator:
“M” spins while a
task is active; can be
used as to kill
mosflm process

-warnlngs 0

£




iMosflm Mar 2014 (using Mosflm 7.1.0)

@ [& E; & [m]
Images
I rattice 1 Unknown
3k spacegroup Unknown
B Mosaiecity 0.00
Mosaic block size 100

Errors and Warnings:
Clicking will reveal
popup with more
information

-warnlngs 0




Click here to load images

Adjust beam centre and detector distance manually

i Pettings

D@ 8| @& 120.0 % 120.0 [« 250,00

Image 1 (@:0.00-1.00) - iMosflm version 7.1.3, 17th February 2015
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1 Lattice 1 ko — | = & |hg_ 001, marlsn) > Go to sl @ = @ 0
¥ Spacegroup Inknown o Y ] e h k1 o
& Spaceezou (e +a/xm0D@EB 6|0y 29 9 O 0% |
Mosaic block size 100
B Sector heg ##f marl60n @ 20, 00384, 00
~Q Matrix Inknown
""" @ Image 1 @ (r):0,00 - 1,00
~@ Image 2 @ (1):1,00 - 2,00
~@ Image 3 @ (r):2,00 - 3,00
----- © Inmage ¢ ¢ (r):3,00 - 4,00
~@ Image 5 ¢ (T):4, 00 - 5,00
""" @ Image 6 ¢ (125,00 - 6,00
~@ Image 7 ¢ (T):6,00 - 7,00
""" @ Inage 8 @ (X127 00 - 200
~@ Image 9 @ (r):8,00 - 9,00 i
----- © Image 10 @ (r1:9,00 - 10,00 :
~@ Image 11 ¢ (T):210,00 - 11, 00 5
""" @ Image 12 @ (r):11. 00 - 12,00
@ Inage 13 @ (r) 12,00 - 13,00
~@ Image 14 @ (r):13. 00 - 14,00
..... © Inage 15 ¢ (r):14, 00 - 15,00
~@ Image 16 @ (r):15, 00 - 16, 00
----- © Twage 17 ¢ (r):16, 00 - 17,00
~@ Image 18 @ () 217,00 - 18,00
""" @ Image 19 @ (r):18. 00 - 19,00
@ Tmage 20 ¢ (r):18,00 - 20,00
----- © Image 21 ¢ ()220, 00 - 21,00
~@ Inage 22 @ (r):221, 00 - 22,00
""" @ Image 23 @ (r) 222,00 - 23,00
@ Inage 24 @ (T) 223,00 - 24,00
~@ Image 5 @ grg 124,00 - 25,00

-warnj_ngs 1

Opens a window for you to inspect images



Image 1 (9:0.00-1.00)

- iMosflm version 7.1.3, 17th February 2015
y

Mask beam stop shadow
Uses circle fitting to fit the
beamstop shadow. This

region of the detector will
| not be used during spot
| finding or integration.




%' Image 1 (¢:0.00-1.00) - iMosFlm version 7.1.3, 17th February 2015

Inage View Pettings

& & |hg_00L. nar1600 “eoto  sm[ -|® © B O =]
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Locate beam centre

Uses circle fitting to locate
direct beam position. It is
important to check since
you can’t always rely on
the information in image
headers to be correct!



Indexing

Data processing and scaling with Mosflm and Aimless



Purpose

Things we do know: Things we don’t know:
* detector position etc. * unit cell
* where spots appear to * miller index hkl
be * sample orientation
. gonio.meter settings for « crystal lattice type
each image

w is Indexin/




Indexing in Mosflm

Find spots on the image

Convert 2D image co-ordinates to 3D scattering vectors

Index via Fast Fourier Transform

Reduce the cell

List 44 characteristic lattices for cell, with penalty value for each

Pick a likely solution

N o U s W NhPeE

Estimate mosaic spread of the crystal



ey

Find spots on the

diffract

IoNn IMages



Detector

Ewald
sphere

xtEﬂ .'ﬁf:__ ¥

Projected
Vectors

Using the Ewald sphere
construction, the observed
spots (X Yy, @) can be
mapped back into reciprocal
space giving a set of
scattering vectors s,
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points in reciprocal space



Auto-indexing then attempts to use these points to find the cell and
orientation of the crystal



%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)

Session  Settings

Help

O & B |#%205.35 [#211.11 [«265.27 [[&5.00 |[@10.0 n00.668 [Z0.65 [§:0.00 |_B|.|.

5@ 88 8888 272 (0250

. Autoindexing
\./
Images Images: |1, 340 @ f’“ @; =] Index |
+ H Image | p | Autc | Manual | Deleted | > I/s({I) |Search|Use]| .
| L gz.00 - B82.15 354 0 0 183 & :‘
ndexing gy 540 162.85 - 163.00 161 0 0 122 ® e
& RIS At
L
Strateqgy ::,”; *?".:. PR ,
g,
G4 SEhES
P e T
Cell Refinement aoow
& Total 520 0 0 305
-‘r Solutions:
Integration Solution | Lat. | Pen. | a b | o @ | £ | - [ amyy | gtey | & beam | I
ttl (ref) aP 0 57.8 7.8 150.1 90.0 0.0 90,0 0.13 0.05 0.36 ( 0.2)
@ ttz (ref) mP 0 57.8 7.8 150.1 90.0 an.1 a0.0 0.14 n.05 0,36 ( 0.1)
Histary tt3 (ref) mc 0 81.7 81.7 150.1 90.0 0.1 90.0 0.13 0.06 0.36 ( 0.2)
ttfl (ref) aP 0 57.8 57.8 150.1 90.0 90.0 90.0 0.13 0.06 0.36 ( 0.2)
ttS (ref) oP 0 57.8 57.8 150.1 90.0 90.0 90.0 0.14 0.06 0.36 ( 0.2)
ttEu (ref) mP 0 57.8 57.8 150.1 90.0 a0.0 Q0.0 0.14 0.06 0.36 ( 0.2)
tt? (ref) mP 0 57.8 150.1 57.48 90.0 90.0 q0.0 0.14 0.06 0.36 ( 0.2)
tt 8 (ref) me 0 81.7 81.7 150.1 90.0 a0.1 Q0.0 0.13 0.06 0.36 ( 0.2) |
a g
tt 10 (ref) (=1 1 81.7 81.7 150.1 a0.0 an0.0 Q0.0 0.14 0.06 0.36 ( 0.2)
HiT 11 (reqg) mi 102 3057 57.8 57.48 q0.0 a0.0 q0.0 = = =
HiTt 12 (reqg) ol 102 57.8 305.7 5748 a0.0 an0.0 Q0.0 - - -
Hi 13 (reqg) mc 102 05,7 57.8 5748 Q0.0 0.0 Q0.0 = = =
HiT 14 (reqg) me 102 81.7 81.7 170.%9 0.0 118.5 Q0.0 - - -
Hit 15 (reqg) mc 103 57.8 305.7 5748 Q0.0 0.0 Q0.0 = = =
Hi la (reg) mc 103 57.8 129.2 150.1 90.0 0.0 90,0 - - -
Hir 17 (reqg) m 103 57.8 305.% 57.8 S0.0 90.0 S90.0 = = =
Hir 18 (reqg) ol 103 57.8 305.% 57.8 S0.0 90.0 S0.0 - - - /
Spacegroup: P4 hd Search beam-centre [+]

MWosaicity: | B

0.20  Estimate |

[No Warnings @

Indexing tab:

iMosflm finds spots
and automatically
indexes when you
click the indexing tab



%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)
Session  Settings Help
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- Autoindexing
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+ H Image | p | Autc | Manual | Deleted | > I/s({I) |Search|Use]| . °

o @1 82.00 - 82.15 359 0 0 183 ) o SOlUtIOhS:

T @ 540 162.85 - 163.00 161 0 0 122 & T

The 44 possible

" solutions are listed

A S w0 o . with penalty values

Solutions:

Integration

Soluti | Lat. | Pen. i | I |

o —ter. P e for each. The most
@ 2t 2 (ref) mP . . .
wwy (EBYD likely solution is

Hif 5 (ref) oP . .

6 (ref) P d

oB ¢ (e me highlighted. Also

Hif & (ref) mc . b

o 1] ENC— f gives the best guess

407 11 (req) .0 90.0 1

TR SRR for the lattice.

Hi 13 (reqg) mc .0 S0, 0

HiT 14 (reqg) mc .5 G0, 0

Hit 15 (reqg) mc .0 S0, 0

Hi la (reg) mc L0 G0, 0

Hir 17 (reqg) me .0 90,0

IE- 18 (reqg) ol L0 Q0.0 - - - /

SEacegroup: P4 Nﬂ Search beam-centre [+]

Mlosaicity: & 0,20 Estimatel

| [No Warnings @
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%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)
Session  Settings Help

0O & EI||:I:205-35 |# 211.11 |&»265.27 [|15.00 |@10.0 pg0.68 | Zr0.68 |§10.00 |:[|.-. 5 @E 23 83 28 272 |0 2.50[m

@ Autoindexing

Images Images: |1, 540 e ®© @ r—?—_? Indlex |
+ H Image | p | Auto Deleted | = I/5(I) |Search|Use]
, @1 82.00 - 82.15 355 0 183 )
Indexing & 540 162.85 - 163.00 161 0 122 ® 1
<4 Reindexing:
e
Cell Refinement
|Q. Total 520 0 Y h h h
A ... Ou Can cnoose wnic
Integration Solution | Lat. | Pen. | a | B |__a | |_ gty | ater | & beam .
211 1 (ref) AP 0  &57.8 57.8 150.1 90.0 90.0 90.0 0.13 0.06 0.36 ( 0.2 g t d
@ 211 2 (ref) mP 0  57.8 57.8 150.1  90.0 90.1 90.0 0.14  0.06 0.36 ( 0.1) IMages to use an
History 211 3 (ref) me 0 81.7 81.7 150.1 9%0.0 90.1 90.0 0.13 0.06 0.36 { 0.2) . .
B4 (ref) aP 0 57.8 57.8 150.1 90.0 90.0 90.0 0.13  0.06 0.36 ( 0.2) rE|ndex |f necessary
A1 5 (ref) oF 0  57.8 57.8 150.1 90.0 90.0 90.0 0.14 0.06 0.36 ( 0.2)
211 6 (ref) mP 0  57.8 57.8 150.1  9%0.0 90.0 90.0 0.14 0.06 0.36 ( 0.2)
211 7 (ref) mP 0  57.8 150.1 57.8 90.0 90.0 90.0 0.14 0.06 0.36 ( 0.2)
211 8 (ref) me 0 81.7 81.7 150.1  9%0.0 90.1 90.0 0.13  0.06 0.36 { 0.2) |
ches
=11 10 (ref) o 1 81.7 81.7 150.1  9%0.0 90.0 90.0 0.14  0.06 0.36 { 0.2)
@10 11 (reg) me 102  305.7 57.8 57.8 90.0 90.0  90.0 - - -
B0 12 (reg) o 102 57.8 305.7 57.8  50.0 90.0  90.0 - - -
@53 13 (req) me 102  305.7 57.8 57.8 90.0 90.0  90.0 - - -
=10 14 (req) me 102 81.7 81.7 170.9  90.0 118.5  90.0 - - -
@53 15 (reg) me 103  57.8 305.7 57.8 90.0 90.0  90.0 - - -
i3 16 (req) me: 103 57.8 129.2 150.1  90.0  90.0  90.0 - - -
i3 17 (req) me: 103  57.8 305.7 57.8 90.0 90.0 90.0 - - -
i3 18 (req) ot 103 57.8 305.7 57.8 90.0 90.0  90.0 - - - i
Spacegroup: P4 hd Search beam-centre [+]

Mlosaicity: & 0,20 Estimatel

| [No Warnings @
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%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)

Session  Settings

Help

O & B |#%205.35 [#211.11 [«265.27 [[&5.00 |[@10.0 n00.668 [Z0.65 [§:0.00 |_B|.|.

5@ 88 8888 272 (0250

. Autoindexing
\./
Images Images: |1, 340 @ f’“ @; =] Index |
+ H Image | p | Autc | Manual | Deleted | > I/s({I) |Search|Use]| .
| L gz.00 - B82.15 354 0 0 183 & :‘
ndexing gy 540 162.85 - 163.00 161 0 0 122 ® e
& RIS At
L
Strateqgy ::,”; *?".:. PR ,
g,
G4 SEhES
P e T
Cell Refinement aoow
& Total 520 0 0 305
-‘r Solutions:
Integration Solution | Lat. | Pen. | a b | o @ | £ | - [ amyy | gtey | & beam I:E
ttl (ref) aP 0 57.8 7.8 150.1 90.0 0.0 90,0 0.13 0.05 0.36 ( 0.2)
@ ttz (ref) mP 0 57.8 7.8 150.1 90.0 an.1 a0.0 0.14 n.05 0,36 ( 0.1)
Histary tt3 (ref) mc 0 81.7 81.7 150.1 90.0 0.1 90.0 0.13 0.06 0.36 ( 0.2)
ttfl (ref) aP 0 57.8 57.8 150.1 90.0 90.0 90.0 0.13 0.06 0.36 ( 0.2)
ttS (ref) oP 0 57.8 57.8 150.1 90.0 90.0 90.0 0.14 0.06 0.36 ( 0.2)
ttEu (ref) mP 0 57.8 57.8 150.1 90.0 a0.0 Q0.0 0.14 0.06 0.36 ( 0.2)
tt? (ref) mP 0 57.8 150.1 57.48 90.0 90.0 q0.0 0.14 0.06 0.36 ( 0.2)
tt 8 (ref) me 0 81.7 81.7 150.1 90.0 a0.1 Q0.0 0.13 0.06 0.36 ( 0.2) |
a g
tt 10 (ref) (=1 1 81.7 81.7 150.1 a0.0 an0.0 Q0.0 0.14 0.06 0.36 ( 0.2)
HiT 11 (reqg) mi 102 3057 57.8 57.48 q0.0 a0.0 q0.0 = = =
HiTt 12 (reqg) ol 102 57.8 305.7 5748 a0.0 an0.0 Q0.0 - - -
Hi 13 (reqg) mc 102 05,7 57.8 5748 Q0.0 0.0 Q0.0 = = =
HiT 14 (reqg) me 102 81.7 81.7 170.%9 0.0 118.5 Q0.0 - - -
Hit 15 (reqg) mc 103 57.8 305.7 5748 Q0.0 0.0 Q0.0 = = =
Hi la (reg) mc 103 57.8 129.2 150.1 90.0 0.0 90,0 - - -
Hir 17 (reqg) m 103 57.8 305.% 57.8 S0.0 90.0 S90.0 = = =
Hir 18 (reqg) ol 103 57.8 305.% 57.8 S0.0 90.0 S0.0 - - - /
Spacegroup: P4 hd Search beam-centre [+]

MWosaicity: | B

0.20  Estimate |

[No Warnings @

Mosaicity:

During indexing,
mosflm will also

estimate the
mosaicity

% Mosaicity estimation

| Mosaicity estimation [m]
Irmage: ith_8 2 0001.chf |

750 LD [ intensity

[ I
700 . "
g0 W
n

600

550

5004

4504

4DDT : . : . :

0.0 0.z 04 0.6 08 1.0

hosaicity: | B 0.20 Estimate |

Close |




%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)

Session  Settings

Help

O & B |#%205.35 [#211.11 [«265.27 [[&5.00 |[@10.0 n00.668 [Z0.65 [§:0.00 |_B|.|.

5@ 88 8888 272 (0250

. Autoindexing
\./
Images Images: |1, 540 e © @ & Indlex |
m % Image 1 (p:82.00-82.15) - iMosfim 1.0.7 - May 2012 (using Mosflm 7.0.9)
+ Image | p | Auto | .
, @ 1 82.00 - 82.15 35g Image View Tools
LJEIL @ 540 162.85 - 163.00 161 <& o [th 82 DODT.chf e om0 e
y e/ xw0DBEBEBOcsx 2900 « 1| @ 7
L2t o
Strategy :::?
S
g 3
Cell Refinement
& Total 520
-‘r Solutions: P
Integration Solution | Lat. | Pen. | a beam | I
HiT 1 (ref) aP 0 57.18 F; [ 0.2
@ @il 2 (ref) mp 0 57.5 ) { 0.1}
History Hi1 3 (ref) mc 0 B1.7 F.6 7 # { 0.2)
Hif 4 (ref) aP 0 57.18 [ 0.2
EIl 5 (ref) oB 0 57.8 ! { 0.2)
Hif 6 (ref) mP 0 57.18 [ 0.2
Hif 7 (rel) mP 0 57.48 AR [ 0.2
Hif & (ref) mC 0 1.7 + ( 0.2y |
=11 .
Ei1 10 (ref) ol 1 81.7 " { 0.2}
HiD 11 (reg) mC 102  305.7 . * -
HiT 12 (req) ol 102 57.8 K -
Hi 13 (reqg) mcC 102 305.7 =
HiT 14 (reqg) mc 102 g1.7 . -
Hit 15 (reqg) mc 103 £E7.8 -
Hi la (reg) mc 103 57.8 -
Hir 17 (reqg) me 103 57.8 =
Hir 18 (reqg) ol 103 57.8 - /
Spacegroup: P4 hd coarer LEAM-CENtre [+]

MWosaicity: | B

0.20  Estimate |

[No Warnings @

Viewing predictions:

The image viewer will
be updated showing
the predictions.

Make sure to inspect
the images to see if
predictions match
observations!



Solutions:

Solution | Lat. | Pen. | a | b | C | . | 2 | ™ | gy | aiey | & heam |
n 1 (ref) aP a 58.5 58.6 6B2.1 90.1 1158. 0 120.0 0. 20 0. 36 0.45 ¢ 0.1
n 2 (ref) aP 0 58.5 58.6 6B2.1 £1.9 2.0 60.0 0. 20 0. 35 0.45 ¢ 0.1
n 3 (ref) me 1 101.5 58.5 B2.1 90.0 123.10 90.0 0.21 0.39 0.45 ( 0.2}
n 4 (ref) me 2 101.5 58.5 B2.1 90.0 123.0 90.0 0.21 0.39 0.45 0.2}
n 5 fref) mC 2 101.4 58.6 B2. 2 90.0 123.10 90.0 0.19 0.42 O.44 ( 0.2y |=—
n B {ref) me 2 101.5 58.5 B2.1 90.0 122. 9 90.0 0. 20 0. 36 0.46  0.2)

o g7 : 58.6 : 4 .0 .0 .0 0.2 0 46 { 0.3

F i 8 (reg) mC &g B5. 3 85. 5 58.5 90.0 133. 2 90,0 - - -

Hoa 9 (reg) mC &9 103. 5 B2.1 58.5 90.0 124.3 o0. 0 - - -

F i 10 (req) mC &0 101.5 8.5 B2.1 90.0 123.0 90,0 - - -

Foa 11 (req) ol &0 8.5 BE2.1 85.5 90.0 90. 0 o0. 0 - - -

Foa 12 (req) ol &0 58. 6 BE. 2 85.3 90.0 90.0 o0. 0 - - -

Foa 13 (req) tI 61 60. 4 60.4 85.3 90.0 90. 0 o0. 0 - - -

F o 14 (req) mC 61 101.5 58.5 BE2.1 90.0 123.0 80.0 - - -

Fli 15 (real hR 61 60.4 60.4 144 9 80.0 90. 0 120.0 - - - |
Spacegroup: h3 |

Mogaicity: ([8]  0.00  Estimate |

The solution with the highest symmetry from the group of solutions with low penalties
(highlighted in blue) is usually chosen as the correct solution, but in cases of
pseudosymmetry the rms error in spot positions (o(x,y)) is also important. Reasonable
solutions in labelled in green.



O

Check the predictions match
the observations:

In this case the predictions
are not nicely aligned with
the spots




Check the predictions match
the observations:

In this case the predictions
are better aligned with the
spots




iMosFlm version 7.1.3, 17th February 2015

Session Settings Help
O & B |[# 119,56 [# 120, 08 | 250,00 | |&5, 00 [@10, 0 [n.el, 05 [ 21, 05 |80, 00 _ﬂ“al 0 Qe 888 188 278 |0 2,50 [m]
n Autoindexing
I\‘:_jl
Tneses g it nar1600 2|1, 84 G Wi Index )1
+ H Tnage | ¢ range | Buto | Man | Del | ¥ I/s(D) | Find |Use|
Indexing %1 0,00 - 1,00 293 i 0 146 @ RERE
% 8¢ 23, 00 - 84, 00 250 0 0 120 ® SRR
S R A .: ‘,‘+Io‘:.‘+.
Strate o ; PO :+ . .
i+ After indexing you
i can refine the direct
¥ Total 543 0 0 266 e o
oA i 1) beam position to get
@ Solution | Lat. | Pen. | & | b | e | & | & | v | 8t | eter | & beam ||\ b d .
01 (ref) ap f b8, 5 0é, 6 Gz, 1 9.2 1179 1199 0,21 035 0,45 (0 1)
Histaory 12 (ref) ap ] 08,5 b, 6 Ga. 1 61.9 G2, 1 60,0 021 0,36 0,45 (0. 1) Ette r p re ICt I O n S
13 (ref) m 1 101, 3 b, 6 Ge, 2 90,0 128,10 g0, 0 0, 22 0,34 0,45 (0. 2)
14 (ref) i 1 1015 08,5 Ge. 1 a0, 0 123,10 a0, 10 {0, 22 0,39 0,45 (0. 2)
[enll o N A R o il o 1M1 = o = =9 1 [T A 190 0 [T A [ L] [y 0 oAR © o0 9y ff
Rean ¥ | Beam y | Beam x ref (Beamy ref | a | b | o | & | 8 | ¥ | etcu | ete) | & bean ||
18,6 119.1 114, b6 120, 10 be, b B8.6 62,1 90z 1179 1199 (.20 (., 35 L40 ||
120,86  119.6 119,66 120, 09 B85 58,6 B2l 901 1180 l120.0 0.20 (.03 1.10
118,66  119.6 119,66 120, 09 B6.5 98,6 6zl 902 11709 1199 0,21 (. 35 1.10
118,6  120.1 119, bé 120, 09 he,b BE.6 62,1 902 1179 11,9 (.21 0,35 1, 00
118,6  120.6 119, 56 120, 09 oe, b B8.6 62,1 90z 1179 11,9 (.2l 0,35 1,10
| N1 N9 LGB 10.00  b8p b6 621 9Nz LJ9 199 0 0B LI |/
| Show lattices summary [+] Search beamcentre [-]
Spacegroup: h3 < |
‘ Mosalcity: 5] 1,00 Estimate |
i | warnings 1



Cell refinement

Data processing and scaling with Mosflm and Aimless



Purpose

To obtain a good estimate of cell parameters which can then be fixed
during integration

Crystal Detector Beam

Cell dimensions Position Orientation
Orientation Orientation Divergence
Mosaic spread Distortion

Refined parameters



Cell refinement in Mosflm

Uses the relative intensities of the parts of partial reflections that are spread
across multiple images

Minimises the differences between the observed and calculated spots on the
Ewald sphere.

Provides very accurate cell parameters

Requires:
* Areasonable knowledge of intensities: mosflm selects a few frames to be
integrated

A model for how we expect the intensities of the parts to vary between
images — the “rocking curve”



Fully and partially recorded reflections

/’ f_—:-nd of
image

EWALD
SPHERE

e

start of
Images

EWALD
SPHERE

end of
images

/’ end of

images
start of
Images

EWALD
SPHERE

detector
te
IMAGE 1

A fully-recorded spot is entirely
recorded on one image

detector
TL, TL,
IMAGE 1 IMAGE 2

Partials are recorded on
two or more images

detector

o te fo b

IMAGE 1 IMAGE 2 IMAGE 3 IMAGE 4

“Fine-sliced” data has spots sampled
in 3-dimensions



%| iMosflm 1.0.7 - May 2012 (using Mosflm 7.0.9)

Session  Settings Help
De | R & [m]
@ Cell refinement
Images Images: |/1-6, 535-540 [a] & Process |~
+ ¥ Farameter wiglue | Fix | Image
D mm 1
Indexing 0 217 a
Distance 26510 [ J 3
y “escale vooor [ | et 5
Tilt -0.26 B
Strategy leist 010 E 2104 535
Tanigential offset oooo [ 2115 gg?
ﬁ Fiaclial offset oooo [ 538
RS resiclual 0083 206+ 539
Cell Refinement | RS res. (centraly 0.058
RS res. (weighted) 0260 @iy
M
Irtegratian ED:TI—I—I-!I—II—’—I—I—I—I
4 536 340
@ Parameter walue | Fix | De EMS residual =]
Histary g
0.204 mm
a serr O 0164 L 0.095-
b e O
c 15003 [ 0.030+
- a0 [ 012 “‘*N \
2 000 [ 0.0 0.085 \/
T anoo [ 04
J .\l—l-l—l
0.04- 0.080H
a 0.075
0.00 ./l—l-l\.
-0.04 T T ! 0.070 T T T 1
4 o036 240 Z 4 o236 a3d 2410
fell a | k| o o & |
ﬁlnitial 5Er.78 5T7.78 150,11 G0, 00 50,00 .00
ﬁFinal 57,78 E7.78 150.03 90,00 90,00 .00
atd dew 0,00 0.00 0.00 0,00 0.00 0.00

o WWarnings @
P

Cell refinement tab:

Shows average profile

RMS residuals should
be small

Shows initial and final
unit cell parameters



Integration/Refinement

Data processing and scaling with Mosflm and Aimless



Purpose

What we know: What we don’t know:

 Where the spots should ¢ Spot intensities
be (i.e. orientation, cell,
geometry)

* What Miller indices
belong to the spots

* How many images the « A\
spots are on (mosaic %‘a’t\o
spread) . .5“\‘-3

s



This is a diffraction
spot. All we want
to do is measure
the number of

counts in the peak
minus the

background counts.
Simple!




Refinement and prediction

* Need to predict reflection positions accurately to avoid systematic
errors in integration

* The detector parameters, crystal orientation and mosaic spread will
be refined for every image during integration

* Cell parameters are kept fixed during integration

* Refined parameters such as the detector distance and YSCALE would
not be expected to change during an experiment

* However, these parameters can compensate for errors in the cell
parameters



OPTIMISATION OF PEAK BACKGROUND MASK

Y

NX

A

Background subtraction

* Create a peak/background mask by wrxe| |- PeakRegion Ny
maximizing |/sigma
#

e Estimate background in peak region |
e i

by fitting a plane to pixels in the NC Ny
background region and interpolating

* Errors in mask definition can give
systematic errors in intensities

Parameters NRX, NRY, NC are optimised by maximising I/c(I)
(Lehmann & Larsen)

ar

]
Peak Peak Peak

o(I) increased I decreased I/6(I) maximised




Integration in Mosflm

Two methods:
 Summation integration: signal = total counts — background

* Profile fitting: form standard profiles and fit to each reflection to
estimate the intensity minimize Yw;(x; — Kp;)*



Profile fitting

Spots in the same region of the detector have similar profiles

Assume that the shape or profile of the spots is known. Then
determine the scale factor which, when applied to the known spot
profile, gives the best fit to be observed spot profile.

Profile fitting is more reliable for weak reflections than summation

integration. Effectively “down-weight” peripheral peak pixels relative to
the central pixels.




Standard profiles:

Determined empirically by
computing the weighted mean of
many spots.

The spot shape varies according
to position on the detector.

This is done by forming a grid of
standard profiles

A

ENER AT N
B AL

CIH SOSISOIR AT R

w )| ®) @




iMosFlm version 7.1.3, 17th February 2015

Sesslon Settings Help
O&8 [ R | B |Ehe 001 mtz 2= () [ By OuickSymn  QuickScale I:" [m]
@ ‘ Integration ‘
Tnages [ Ihe_ft##. nar1600 /184 a = @ Process ||
+ & FParamnster | Walue | Fix | 0 Inage |
; Bean x 119,53 O ez, 63
ITe! *
e S Bean y 120,10 O 0,124 2‘51
Distance 248,40 O 66
_ 57
\"scale (,9998 0,104 Tuist &8
Stratezy . [] %g
Tangential of f=zst O gt ;%
Radial offzet O 7z
- HME residual i Rty 74
ell Refinenent [QNS Ve, (central) 0,031 =
EMS res, {weighted} 0,360 0,04 77
78
M 0.024 Tilt fE;
Integration a1
g2
0,00 T T T T T T T T | =
@ 10 20 30 40 50 &0 70 80
History FParanster | Walue | Fix | Block
Deg. 1
1.2 %
’ L . 4 @
a 53,339 o
b 53,39 7
E 155,97 . g ®i® b
o 50,00 )
10
¥l 90,00 11
r 120.00 0.49 12
O
0.0 e yreur CXET] @
e o ey
-0.4 T T T T T T T T | @
10 20 30 40 G0 [=l0) TO g0
Paramster | Full | Partial| Inaze | :6 Profile fits (I/¢{I}} -v- Resolution (&) *
1o o 307 WFull reflections
Ref lections o] oY [2E] o5 OPartial reflections
<I/e (13> HR tprf} 0,00 5.80 o
<Idfa (13> HR dsum? 0,00 5,80 ] 20
Reflections HR 0 133 73
Overloads 4] ;g 154
Bad spots 0 TE
Spatial overlaps 2 ;g 104
Lattice overlaps 4] a4 4
80 B
j=x i
= 0 ; ; ; ; ; ‘ ; —i— \
) @ 64 45 37 32 2,9 26 2.4 2,2 Mean

|Orange jwarnings 2

Integration tab:

To perform the
integration, click on
the integration tab
and then click
“Process”



iMosFlm version 7.1.3, 17th February 2015

Sesslon Settings Help

D® 8| ®|B[@he 0Ltz % O|[8 Quckdme  QuickScale |- @

@ ‘ Integration ‘

Inages [ Ihe_ft##. nar1600 =lf1-84 @ =2 @ _ Abort Process ||
3]

+

Thdexing

Paranster i Inage ||

Stratezy

= = | Refined detector

= parameters:

T S " Check tilt and twist are
| stable; might need to

RN
5 isil=] fix. Yscale should also
be ~1.0

0.0 !y CXET] @l
N

ell Ref inement

Integration

)

History -

53,39
58,39
155,97
90,00
30,00
120,00

TR

ORIKRKRIEIE

@EEEE
CIDIOIOIES
IHEHE

Paranster | Full| Partisl| ME%IA + Profile Fits (I/e (I3} ~v- Resolution &) *
16 s 304 WFull reflections

759 =] o5 OPartial reflections
5.80

5,080
133

Ref lections

<IAa (I} HR {prfl
<IAe (1M HR {sum?
Reflections HR
Overloads

Bad spots

Spatial overlaps
Lattice averlaps

o o

OO oo o oo

Sl e el als 37 3z 29 2l 24 227 Mean

|Orange jwarnings 2



iMosFlm version 7.1.3, 17th February 2015

Sesslon Settings Help
O&8 [ R | B |Ehe 001 mtz 2= () [ By OuickSymn  QuickScale If" [m]
@ ‘ Integration ‘
Inages  [attice] v e i, narl600) ]|1-84 @ sz @ _ Short | Process [+
+ 2 Paranster | 0 Inage | A
Indexing Bean x "E 2-431
Bean y 0,124 5
Distance =)
_ 57
f-scale 0,10 Tuist [=5]
Stratezy %g
Tangential of f=zst 0,087 ;%
Radial offszet 73
X EMS residual 0, 0dd P 0,06 7a
ell Refinenent [QNS Ve, (central) 0,031 =
EMS res, {weighted} 0,360 0,04 77
78
M 0.024 Tilt fE;
Integration a1
g2
0.00 : : : : : : . . . =
@ 10 20 20 40 50 G0 70 80 — °
Refined crystal

5
@ '®
fsiis}

5

parameters:
Ensure that cell
parameters are fixed

ORIKRKRIEIE

@EEEE
CIDIOIOIES
IHEHE

* Profile fits (I/e (I3} -v- Resolution (A} *
309 WFull reflections
Ref lections o] oY [2E] o5 OPartial reflections
<I/8 (11> HR (prf) 0,00 5.80 ;‘f
<Idfa (13> HR dsum? 0,00 5,80 12 ] 20
Reflections HR 0 133 d ;g
Over loads 4] o = 154
Bad spots o] 75
Spatial overlaps 2 ;g 104
Lattice averlaps 0 a4 3
80 B
j=x i
= 0 ; ; ; ; ; ‘ ; —i— \
Bl m e 4\ 37 32 29 26 24 2.2 Mean

|Orange jwarnings 2



iMosFlm version 7.1.

Seseion Settings Help
Oe 8| &B/@h_00Lot: % O[8 quidem  QuidScale |- [m]
@ ‘ Integration ‘
Insges  [attice| ] [, narl600 xll1-84 @ sz @ _ Short | Process [+
+ & FParamnster | Walue | Fix | o
; Bean x 119,53 [ =2,
ITe! M
e S Bean y 120,10 O 0,12+
Distance 249,40 [
f-scale 0,9998 0,104 Tuist
Strategy .
Tangential of fest -0,020 [0 gt
Raclial offset -0,040 []
- HME residual i Rty
ell Refinenent foue"ros " (central) 0,031
EMS res, {weighted} 0,360 0,04+
"' 0,028 Tilt
Integration
0,00 T T T T T T T T |
@ 10 20 30 40 50 &0 70 80 -
History FParanster | Walue | Fix | Ave ra ge refl ect I o n
Deg. 1
2
1,24 3 @ .
- 4
a 58,39 - ‘
b 58.39 | g
c 155,97 e g | ®
o 90,00 10
g 90,00 11
v 120,00 0,44 1z
0.0 e e nl? s CXET]
e o ey
10 20 30 40 G0 [=l0) TO g0
Fersusta |___Full| Fartiall Lnege | A Profile Fits (I/e (I3} ~v- Resolution &) *
16+ e 309 WFull reflections
Ref lections o] oY [2E] o5 OPartial reflections
<I/8 (11> HR (prf) 0,00 5.80 ;‘f
<Idfa (13> HR dsum? 0,00 5,80 ] 20
Reflections HR 0 133 73
Over loads 4] ;g 154
Bad spots o] 75
Spatial overlaps 2 ;g 104
Lattice averlaps 0 a4 3
80 B
j=x i
g2 "
az 0 T T T T T T T —F— 1
Bl m e 4\ 37 32 29 26 24 2.2 Mean

|Orange jwarnings 2



iMosFlm version 7.1.

Seseion Settings Help
Oe 8| &B/@h_00Lot: % O[8 quidem  QuidScale |- [m]
@ ‘ Integration ‘
Insges  [attice| ] [, narl600 xll1-84 @ sz @ _ Short | Process [+
+ 2 Paranster | Walue | Fix | 0 Inage | A
) Bean x 119,53 [ ez ]
ITe! M
e S Bean y 120,10 O 0,124 Eg
Distance 248,40 O 66
_ 57
f-scale 0,9998 0,104 Tuist b
Strategy . gg
Tangential of fest -0,020 [0 gt ;%
Radial offset -0,040 [] 73
X EMS residual 0, 0dd P 0,06 7a
ell Refinenent foue"ros " (central) 0,031 =
EMS res, {weighted} 0,360 0,04+ e
78
M 0,024 Tilt fE;
Integration a1
0.00 : : : : : : . . . =
@ 10 20 30 40 50 &0 70 80 —
History FParanster | Walue | Fix | St d d f. I
a 58,39
b 58,39
c 155,97
o 90,00
L3 30,00
v 120,00
Paranster | Full | Partial]|
16+ e 307 BWFull reflections
Ref lections o] oY [2E] o5 OPartial reflections
<I/8 (11> HR (prf) 0,00 5.80 ;‘f
<Idfa (13> HR dsum? 0,00 5,80 ] 20
Reflections HR 0 133 73
Over loads 4] ;g 154
Bad spots o] 75
Spatial overlaps 2 77 104
Lattice averlaps 0 a4 ;g
80 B
j=x i
. g2 "
¥ az 0 T T T T T T T —F— 1
8 |— [17) 6.4 4,5 3,7 3.2 2,9 2.6 2.4 2.2 Mean

|Orange jwarnings 2



Details:

The ratic of the cobserved wariation in background pizels to that expected statlstlcall? ét
he BGRATIO) lies ocutside the range 0.9 to 1.1, Actual walues: minimum: 1.16 maximam: .1
The most likelv explanation is that the GATN of the detector is incorrect. The current AT
N iz 0.25 but the cbhserved BGRATIO suggests it should be set to 0.34.NOTE however that dif
fuse scatter can lead to an increased walue of BGRATICO even when the gain is correct. Zinc
e the gain for ¥ detector should remain oconstant, it should be worked out for a crvstal
giving strong dif racticn and clean spots (ie no disorder or diffuse scatter)and kept at t
his walue. Processing data with an incorrect gain will result in a systematic overestimate
of wvery weak reflections and incorrect standard deviations.

Experiment settings

1.81

2315

Hints:
change GAIN to 0.34 E}iperiment] Detector ]
Hotes: Refineable detector parameters
. : Y Scale: 1.0023
dorry mo furtherginformation Cffsets: radial: 0.000 tangen©.000
ccomega 0,00
Detector tilt: 002 twist:
Mon-refineable detector parameters
Detector:; ADSC model:
serial number: 521
Gain; 0.25
ALC offser 15
Pixel size: 0.102a0
Sometimes the gain needs to be set manually Default paramets Reset

Close



Quick scaling

Data processing and scaling with Mosflm and Aimless



Purpose

Things we know: Things we don’t know:

* |, sig(l), corrected for . |F|2

geometric effects  Beam intensity

* Lots of observations e llluminated volume

* Symmetry * Absorption path through

crystal

e Extent of sample decay

Thic :
his o sca ling



Scaling

* Corrections for some of the things we don’t know can be determined
experimentally

* In most cases however empirical corrections are determined

* Have a model for: overall scale (beam intensity + illuminated volume)
sample decay and absorption

* Refine model against data, to minimise differences between
symmetry related intensities



Scaling models

* Time or frame # dependent — overall scale
* Time and resolution dependent — decay

 Direction dependent — absorption — for example as
spherical harmonics

* All depends on multiplicity \ ‘

o o
¥ He



Objective of scaling

* To model all of the unknown contributions to the measured intensity
 To recover I=k|F|? for each observation

* Achieved by minimizing the differences between observations —
internally consistent not necessarily correct!

* Final result of scaling is average I=k|F|? for each unique Miller index

* May want to keep |+ and |- separate



Merging statistics

* Level of agreement between unmerged | is usually guide to data
quality

* For strong measurements this is dominated by experimental effects
e.g. radiation damage

* For weak reflections dominated by signal-to-noise

* Best merging statistics give a guide to how useful the averaged
measurements are



Programs

Pointless

Aimless

* Merges partial reflections
together

Determines likely point
group

* Puts data onto a common
scale

Corrects space group if
sufficient information

* Merges each set of
symmetry equivalent
reflections into a single
observation

Sorts reflections

Detects screw axes & glide
planes

Re-indexes multiple
datasets to a common
setting

CTruncate

* Analyses scaled data
according to an expected
physical model

* Gives statistics on intensity
distribution - e.g.
* Wilson statistics
* twinning analysis

e QOutputs |F| values



X/ iMosflm 1.0.7 = May 2012 (using Mosflm 7.0.9)

Session  Settings Help
D& 8 &®|B@ch_s_2 0001z % O oucksynm  GuckScale | - ]
@ Integration
Images Images; |1-540 Process |~|
+ & Farameter | Walue | Fix |
Indexing E
Distance 26510 [
'y ‘eseale 1oo0e [
Tit 02 [
Strategy Tusist oo [
Tangential offset oooo O N o
Racial offset oo [ I A I
< S ekl Run Pointless, Aimless
Cell Refinement  |RMs res. (central) 0053
et Cused and cTruncate to scale
Integration Farameter | alue | Fix | the data
® 5
Histary a 5773 =
b 57 75 L2s
P 150,03
2 9000
2 80.00 w
- 9000 o)
[ ]
- el & Run Pointless to
™ heck pointgr
arometer | fl___Parti] mage || ¢ profie fits (e ) -v- Resolution () * cneck po tg oup
<l (1) {3um) 730 450 | BO 22 24 W Full reflections
Fieflactions 39 1078 531 20 [ Partial reflections
<Wg {13 HR (arf) 220 070 | g 32 16
<Ifa {1 HF (sum} 260 1.00 £33 12
Feflections HR 4 175 ggg 5
Overloacs n 20 5o
Bad spots 1] TR 537 4
Spatial overlaps n D—_;”"(P*‘ (prf) part 538 I
0 a00 &0 538 X 4026823201816 1.514 Mean

|2 Warnings @
-




Quick Symmetry

&)l Run of POINTLESS on 12/ 8/2013 at 12:52:29

Result

Best Solution: space group P 41 21 2

Reindex operator:

Laue group probability:
Systematic absence probability:
Total probability:

Space group confidence:

Laue group confidence

Unit eell: 57.78 G57.7B 150 a0

50.01 to 1.89 - Resoclution range used for LaueNgroup search

50.01 to 1.42 - Resclution range in file, used fol\systematic absence check

Humber of batches in file: 540

The data do not appear to be twinned, from the L-test

Check pointgroup is consistent with
lattice used for integration



Quick Scale

&) Run of AIMLESS on 12/ 8/2013 at 13:17:25

[*] Result
Summary data for Project: New Crystal: New Dataset: New
Overall InnerShell OuterShell
Low resolution limit 50.01 50.01 1.45
High resolution limit 1.42 7.79 1.42
Rmerge (within I+/I-) 0.063 0.032
Bmerge (all I+ and I-) 0.069 0.034 -
Emeas (within I+/I=) 0.077 0.040 0.435
Rmeas (all I+ & I-) 0.077 0.041 0.440
Rpim (within I+/I-) 0.044 0.025 0.272
Bpim (all I+ & I-) 0.033 0.021 0.219
Bmerge in top intensity bin 0.028 - -
Total number of obserwvations 251064 1607 8506
Total number unigue 48744 392 2357
Mean{(I}/sd{I}} 11.8 24.7 2.5
Mn{I) half-set correlation CC({1/2) 0.998 0.965 0.821
Completeness 99.9 99.2
Multiplieity 5.2 . .
Anomalous completeness 97.7 100.0 81.4
Anomaleous multiplicity 2.6 2.7 l.6
Delhnom correlation between half-zets =0.021 0.049 =0.043
Mid-Slope of Anom Normal Probability 0.909 - -
Estimates of resolution limits: owverall
from half-dataset correlation CC(1/2) > 0.50: limit = 1.42A == maximum resclution
from Mn{Ifsd) > 2.00: limit = 1.42RA == maximum resolution
Estimates of rescluticn limits in reciprocal lattice directicns:
Along h k plane
from half-dataset correlation CC{1/2) > 0.50: limit = 1.42A == maximum resolution
from Mn{I/sed) > 2.00: limit = 1.43Aa
Along 1 axis
from half-dataset correlation CC{1/2) > 0.50: limit = 1.42RA == maximum resoclution
from Mn{(I/sed) > 2.00: limit = 1.42A == maximum resolution
Average unit cell: 57.78 57.7B 150 90 20 90
Space group: P 41 21 2
Average mosaicity: 0.14
Minimum and maximum SD correction factors: Fulls 0.90 1.86 Partials 0.69 9.08

Anomalous flag switched ON in input but the anomalous signal is weak

Ideally this should
be a small number

... and this should
be close to 100%



Quick Scale

Minimum and maximum SD correction factors: Fulls
Anomalous flag switched ON in input but the anomalous signal is weak

Graph Data
¥ =>>> Scales v rotation range, New
» Mn(k) & Ok (theta=0) v. batch

Relative Bfactor v. batch

Bfactor

» Analysis against all Batches for all runs, ...

¢ Correlations CC(1/2) within dataset, New

+ Anisotropy analysis of CC(1/2) and 1/sd,...

» Analysis against resolution, New

» Analysis against resolution, with & with...

» Analysis against intensity, New

¢ Completeness & multiplicity v. resolutio...

# Run 1, standard deviation v. Intensity, N...
() raw data Print || Export || Copy

Relative Bfactor v. batch

0.90

1.6 Partials

0.69

9.08

-0.05 -
-0.10
-0.15 -
-0.20
-0.25 -
-0.30 |
-0.35 -
-0.40
-0.45 -
-0.50 -
-0.55 -




Judging data quality

* Are there bad batches?

* Was the radiation damage such that you should exclude the later
parts?

* What is the real resolution? Should you cut the high-resolution data?
* |s there any apparent anomalous signal?

* |s the outlier detection working well?

* Are the data twinned?

* What is the overall quality of the dataset?



Rmerge: finding bad batches

Horribly wrong
at beginning

One bad batch

034

0.2

03

01

Rfactor v Batch

- Rfactor

T T 1
200 300 400
M_batch

T T
1] 100

Rmerge v Batch for all runs

-&-fmerye

@ a0 B0 &0
H_baich

Steady decline
in quality

Batches for 2
crystals

0.1 4

T T T T T
50 100 150
N_batch

Rmerge v Batch for all runs

Would like to have relatively stable rmerge across all batches



Scales and B-factors: radiation damage

Mnik) & Ok (at theta = 0) v range B vrange

N——

Good: scales Good: small B-

05+

uniform factors

50 ' 100 ‘ 150
N
Mn(k) & Ok (at theta = 0) v range

Bad: scales o Bad: B-factors _
increase sharply - large and negative |

Ll ' U '’ I v 1 ' T ' I ' T ' 1
S0 100 150 200 S0 100 150 200
N M

Ideally have constant scaling factor of 1; except if crystals have an irregular shape.
Drop in B factor below -10 indicates radiation damage



Number of rejections per image

0 N O u1 A W N LR 2

Run.Rot
.1

R R R R R R R R
0 N O Ul b W N

MidPhi

-49,
-438.
-47.
-46.
-45.
-44 .,
-43,
-42,

50
50
50
50
50
50
50
50

o
Q)
—
@]
>

o0 N O uil b W N B

Bfactor
.694
.688
.677
.668
.656
.641
.629
.614

Mn (k)

O PR R R R R R R

.0651
.0622
.0564
.0453
.0339
.0180
.0017
.9811

)
~

®© O® ©®© O ®©O ©O ©o O

.9940
. 9905
.9851
.9774
.9671
.9542
.9395
.9185

Number| NumReject
1703
2193
2219
2202
2198
2217
2208
2217

Want low number of rejected reflections per image; a maximum of around 5



Resolution: CC 1/2

Anom & Imean CCs v resolution

1.0 1
0.9 1
0.8 1
0.7 1
0.6 1
0.5 1
0.4 1
0.3
0.2 1
0.1 |

0.0 1

inf.0

3.2

2.2 1.8
Resolution [A]

1.6

1.4

L CC¥% around 0.5



Resolution: I/sig(l)

i I i I i T i
30 + -+
=
=
? |/sig(l) around
= 2071 1 (unmerged)
=
c
L]
D
=
< L
e 10
=
I
o¢ . . ., . L L TR
inf.0 3.2 2.2 1.8 1.6 1.4

Resolution [A]



Anomalous differences

Anomalous differences

S5E n

A slope > 1 in the centre
indicates that the measured
anomalous differences are

Delta(observed)
=

[> SAD greater than would be
-1 expected from the standard
2 deviations.
3
-4
~4 3 2 10 I > 3 4

Delta(expected)



Detecting twinning

* Depends on moments of intensity distributions

* Acentric E* is useful: if 2 probably not twinned, if 1.5 probably
twinned

* Measures the spread of the merged intensity distribution

* Look at ctruncate output
* More twinning tests are performed, check ctruncate log



| | |
! ! !
3.16 2.58 2.24

Resolution [A]

|
!
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Data Quality: Rmerge vs intensity

Rmerge v Intensity

b -@- Rmrg
- -@- Rl
t R
03 - anom
0.2 -
0.1 - _1-
0 -
| ' | ' | | ' |
10000 20000 30000 40000 S0000

lmax

Rmerge is always large for small
intensities. For large intensities it
should be in the range 0.01 to
0.04 for good data. Larger values
suggest that there are systematic
errors.



Completeness v Resolution

Data Quality: completeness

100 to—=s= i ' i ' i <~7 Completeness of data should be
L/ \ - as close to 100% as possible.

80 + \ Watch out for data with < 95%
] ] completeness.

60 | | Some loss of completeness can be
tolerated in the outermost
resolution bins.

ST | If you integrate to the corners of
the detector, you may have low

20 T +  completeness at high resolution.

0 L | . | . | . I

4.47 3.16 258
Resolution [A]



More scaling

Data processing and scaling with Mosflm and Aimless



After iMosflm

* Quick scaling useful to see if there is nothing pathological with your
data set however...

* Move on to using CCP4i

* Probably easiest to create a new “project” and copy in the MTZ file
from iMosflm

* N.B. take care with consistent indexing scaling multiple data sets



8 00

% CCP4 Program Suite 6.3.0 CCP4Interface 2.2.0 running on graemes-macbook-pro-2.local

List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job.

Data Reduction and Analysis

B Dain Processing asing Mosfim

P impor? integraled Dala
~laZ - automatic dataprocessing

Find or Match Laue Group

scale and Merge Intensities

symmetry, Scale, Merge (Almless)

Find Symmetry, Scale & Merge

alaj

B iiiities

-

D Check Dala Quality

=

=i 2

[

13:13:33 RUHNNING
12 Aug 13 FINISHED

aimless
scala

Scale data
First scal

Project:

Y

= |

Scale and merge data with Aimless

Data reduction and
analysis module
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%| Aimless - Pointless, Aimless, Ctruncate

| Help
Job title |Scale data with Aimless Y

Cesionm scaling opiions. defadl is fo defermine Lave group, refine & apply scafes, and wiile menged daila
-1 Customise symmetry determination _| Option to skip scaling & just merge _| Customise output options
_l Separate anomalous pairs for outlier rejection & merging statistics
® Run Ciruncate — — |tu output Yilson plot and SFs after scaling @ and output a single MTZ file
1 Ensure unigue data & add FreeR column for W fraction of data.

Input reflection file type: MTZ file — I treat filenames as Mosflm templates {ie to match multiple files)

Project name: IDEMD crystal name: ITHHUM.HTIH dataset name: IH.F\.TI'!.I’E

HKLIN #1 THAUMATIN — |th_ﬂ_2_l]l]l]1 mtz

HKLOUT  THAUMATIN — |th_ﬁ_2_l]l]l]1 _scaled.mtz

Rosalufion ad Dol oxclisions
I Exclude data resolution less than |5I].I]1I] Angstrom or greater than |1 22 Angstrom
_| Exclude selected batches

Scafing Protecol

Scale with automatic default settings s |

Defie fins

Accepied and Exciirded Dala

Befect Outfiers

S0 Correciion Profocols

Dbservalions Used & Handing of Pariials

Scafing Detaits

) ) e e e e

fruncate: convert lo sirueiire ampliiides and fad anfpat

Run — Save or Restore — Close |

|

Mosflm MTZ file name



Selecting scaling models

* If you have or expect an anomalous signal, tell the scaling program

* Try different scaling models — if you don’t need a correction, don’t
apply it

* If you have multiple data sets (MAD data set or multi-pass) scale them
together now

* For multiple wavelengths assign different DATASET names



MAD

Input reflection file type:

MTZ file

|

Project name: |MAD

HEKLIM #1 MD

el

crystal name: [X12287

dataset name:

IMFL

HEKLIN #2 MD

A

12287 1_E1_001.mtz

Bromwese

_I treat filenames as Mosflm templates {ie to match multiple files)

e

| Assign to the same dataset

12287 1_E2_D

Project name: [MAD

Data from two iMosflm runs

dataset name:

Browze

ey

LREM

Edi! list

A

Add File

Dataset names




Multi-pass

Input reflection file type: MTZ file — | _| treat filenames as Mosflm templates {ie to match multiple files)
Project name: |MP crystal name: [X12847 dataset name: |HATIVE
HEKLIN #1 MP — 12847 4 001.mtz Browse Wiewy
HEKLIN #2 MP — 12847 5 0 Browse e
W Assign to the same dataset ious file

— | aad Fie
HKLOUT MP  — [12817_5/00_scaledz.mtz Browse | View

Merge into single
“native” data set

Data from two iMosflm runs



Radiation damage

fesaltifion ad Salch exclisions |
Exclude data resolution less than 23.915 Angstrom or greater than |1.202 Angstrom

B Exclude selected batches

Exclude a range of batches from 91 to 180

Edit list — | Add batches

This is the last half
of the data



Thank you for listening!

http://www.ccp4.ac.uk



