Twinning by (pseudo)merohedry

Andrey Lebedev, CCP4



Symmetry, NCS and Pseudosymmetry

Generic Non-Crystallographic Symmetry (NCS):
- symmetry is local and approximate

Pseudosymmetry (a limiting case of NCS)
- symmetry is global and approximate

Crystallographic symmetry
- symmetry is global and exact
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Symmetry, NCS and Pseudosymmetry

Generic Non-Crystallographic Symmetry (NCS):
- symmetry is local and approximate

Pseudosymmetry (a limiting case of NCS)
- symmetry is global and approximate

may be misinterpreted as crystallographic symmetry

Crystallographic symmetry
- symmetry is global and exact
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Pseudotranslation

Crystallographic translation

Crystallographic translation

Pseudo-translation
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No pseudotranslation

Pseudotranslation

c=2c
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Planes 2L+1 contain weak
reflections



Pseudotranslation

Crystallographic translation

Crystallographic translation

Pseudo-translation
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No pseudotranslation

Pseudotranslation

c=2c
c’*=c*/2

Planes 2L+1 contain weak
reflections



Space group assignment (e.g. Pointless)

Reciprocal space lattice
(positions of reflections)
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Space group assignment (e.g. Pointless)

Reciprocal space lattice
(positions of reflections)

Mirror symmetry is not Intensities of Intensities of axial
allowed in biological reflections reflections
macromolecules
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Lattice
point group
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Online dictionary of Crystallography:
The point group of a crystal is called merohedry
if it is a subgroup of the point group of its lattice.

The word pseudomerohedry is used instead,
when the lattice has accidental high symmetry
that is not defined by crystal symmetry

(e.g. B=90°inP 12, 1)

'
V% \__/
4 /mmm 7
Lattice Probable B g hed
point group crystal point group = Pseudomeronedry
(here)
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Twinning by (pseudo)merohedry



Twinning by (pseudo)merohedry

lattice in orientation 1

crystal in orientation 1

crystal in orientation 1

+

lattice in orientation 2

crystal in orientation 2

crystal in orientation 2

Example: P2, =90

Twinned crystal

‘ Individual crystal 1
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Twinning by (pseudo)merohedry

Intensities from
individual crystal 1

lattice in orientation 1 =

crystal in orientation 1 #
crystal in orientation 1 +
P121, B=90

lattice in orientation 2

crystal in orientation 2

crystal in orientation 2 = Twinned crystal

Intensities from
individual crystal 2

Perfect twin Partial twin

(individual crystals
of different sizes)

(individual crystals
of equal sizes)

Twin two-fold axis

Crystallographic two-fold axis

04/12/19

less weak reflections

Allows for twinning tests based on
statistics of intensities
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Twinning tests

(Pseudo)merohedral twinning cannot be readily seen from diffraction images
because reciprocal lattices of all the twin individuals coincide

- exactly in merohedral twins
- exactly or approximately in pseudomerohedral twins.

Nevertheless:

Week reflections in "twinned data" are less frequent than "in non-twinned data".

This allows for twinning tests based on statistics of normalised intensities:
- cumulative distribution of normalised intensities, Britton test, second moments tests, H-test, L-test, ...
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Twinning tests

(Pseudo)merohedral twinning cannot be readily seen from diffraction images
because reciprocal lattices of all the twin individuals coincide

- exactly in merohedral twins
- exactly or approximately in pseudomerohedral twins.

Nevertheless:

Week reflections in "twinned data" are less frequent than "in non-twinned data".

This allows for twinning tests based on statistics of normalised intensities:

- cumulative distribution of normalised intensities, Britton test, second moments tests, H-test, L-test, ...

Pseudo-translation, if present, increases relative fraction of week reflections and
makes some of the twinning tests inconclusive.
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L=|J1=J2|/(J1+)2)

.....

L-test is designed to be suitable for most of cases
- with and without pseudo-translation
- isotropic and anisotropic data
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Theoretical distribution of L

Single crystal Partial twin

Perfect twin
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CCP4i

X| CCP4Interface 7.0.026 running on rcccp4ws033.rc-harwell.ac.uk Project: exp3

List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. | Change Project | Help
Data Reduction and Analysis — |6 11:44:29 FINISHED aimless [N Directories&ProjectDir |
1 11:22:27 FINISHED aimless N
: :m: nmﬁgus;i Mosfin | ’ [ View Aty Fle |
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() Analysis against i ity, XDSdi

[») Completeness & multiplicity v. resolution, XDSdataset

(») Runi, v. y, XD!

[») Radiation damage analysis for run 1

E] Effect of parameter variance on sd(l)

2]l Run of ctruncate on 17/12/2016 at 11:44:22

Graph Data =
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» Wilson plot s L 1
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CCP4i2

Data reduction - AIMLESS

v

Rp— > ” .

= [ % % ©)
Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file

Project directory .
Filter: |Only show tasks containing text typed here

Filter: |Only show jobs containing text typed here v
> Import merged data, crystal contents, alignments or coordinates
JobrFile E » & Integrate X-ray images
i %, 3 Data reduction S i X .
> A 2 xia2/dials s v ‘ X-ray data reduction and analysis
> A, 1xia2/dials S H\ Data reduction - AIMLESS

P Scale and analyse unmerged data and suggest space group (Pointless, Aimless, Ctruncate, FreeRflag)

=B  Generate a Free R set
'} Generate a Free R set for a complete set of reflection indices to a given resolution (FreeRflag)

I eg". Estimate cell content
? .'lf Estimate number of molecules in the asymmetric unit and solvent content (Matthews_coeff)
)

¥
.-

3 Calculate self rotation function
4 Evaluate data for anisotropy, optical resolution, pseudo translation and perform self-rotation function (Molrep)

Graphical diagnostics by AUSPEX plots
Use AUSPEX, generate graphical diagnostics for data set

s Experimental phasing

b’ Bioinformatics including model preparation for Molecular Replacement
‘ Molecular Replacement

* *.* Density modification

vV V. v v v

R

- Model building and Graphics

» . Refinement

New job Cancel
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CCP4i2

L-test plot and also a warning on possible twinning

= T =M
. - w— q et L™
Task menu  Viewin Coot Viewin CCP4mg Export MTZ
Project directory
r(:_l Job/File

04/12/19

. 1 Data reduction (auto)

é) A % %

Help  Bibliography Clonejob  Run  Run on server
Job 1: Data reduction - AIMLESS The job is Finished
Input Comments
Headline Summary aceGroupDet: lergingGraph /AergingDetail: Istats Biblio Run

Graphs for detecting twinning etc, more details in Istats sec
This dataset is probably twinned

L-test for twinning
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CCP4i2

Scores for each symmetry element

s (> < < ® L *M

Task menu  Export project Run  Runonserver Clonejob Help Bibliography Export MTZ  Show log file

Project directory Job 3: Data reduction - AIMLESS The job is Finished
Filter: |Only show jobs containing text typed here S~ Input Comments
Job/File E Headline Summary SG details MergingGraphs SDanalysis MergingDetails Istats Biblio Run
i ¥, 3 Data reduction S
> A, 2xia2/dials S v Overall summary
> A, 1xia2/dials S _
Space group determination
 Selecting point group P 2 2 2 Data internal consistency statistics
as multiple space groups have the same score
. . Summary of merging statistics for dataset
WARNING: You will have to determine the true space groug later .
The 'space group' written to output file may be missing possible screw xia2/a/b
components
Overall Inner Outer
Solution type: point group
Low resolution limit 3263 3263 1.73
Group name P222
: High resolution limit 1.69 8.96 1.69
Reindex [h,k,11
Space group confidence 0.000 Rmerge(within I+/1-)* 0.066 0.038 0.000
Laue group confidence 0.992 Rmerge(all I+ and I-)* 0.086 0.056 0.000
Laue group probabili
group P Rmeas (within 1+/1-)* 0.091 0.054 0.000
Systemati nce probability 0.751
Rmeas @ll I+ & I-)* 0.115 0.074 0.000
Scores for each symmetry element
Lattice group name P 22 2 Rpim (within I+/1-) 0.062 0.038 0.000
Likelihood CC R Symmetry Rpim @ll I+ & I-) 0.076 0.048 0.000
0.942 0.97 0.117 identity Rmerge in top intensity bin*  0.042
0.955 0.98 0.081 *** 2-foldl(001){-h,-k,l} :
0.954 098 0.095 ** 2-foldk(010){-hk,I} Ny aff el LLZoN LS s
0.954 0.98 0.095 *** 2-foldh(100O0){h,-k,-I} Number unique 9175 98 14
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Scores for each symmetry element

Lattice groupname P 6 2 2

Reindex operator from input to lattice: [h,k,I]

Likelhood CC R Symmetry
0.952 0.97 ] 0.146 identity
0.954 0.98] 0.111 | *** 2-fold I (0 0 1) {-h,-k,I}
0.956 0.99] 0.075 | *** 2-foldk (01 0){-h,h+k,-1}
0.955 0.98] 0.098 | *** 2-foldh (1 00){h+k,-k,-1}
0.954 0.98] 0.128 | *** 2-fold (1-1 0) {-k,~h,-I}
0.954 0.98] 0.112 | ***  2-fold (2-1 0) {h,-h-k,-1}
0.956 0.99] 0.100 | *** 2-fold (-1 2 0) {-h-k,k,-1}
0.954 0.98] 0.119 | *** 2-fold (1 1 0) {k,h,-1}
0.953 0.97] 0.105 | ***  3-fold1(001){k,~h-k,I}
0.954 0.98] 0.112 | *** 6-fold1 (00 1){h+k,-h,I}

04/12/19
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Untwinned data

Scores for each symmetry element .
Single crystal

Lattice groupname P 6 2 2

Reindex operator from input to lattice: [h,k,I] \\\\
NN

Likelihood CC R Symmey
0.952 0.97 ] 0.146 identity
0.954 0.98] 0.111 | *** 2-fold 1 (00 1) {-h,-k,I}
0.956 0.99] 0.075 | *** 2-foldk (01 0){-h,h+k,-1} 10
0.955 0.98] 0.098 | *** 2-foldh (1 00){h+k,-k,-I}
0.954 0.98] 0.128 | *** 2-fold (1-1 0) {-k,~h,-I}
0.954 0.98] 0.112 | ***  2-fold (2-1 0) {h,-h-k,-1} 0.5
0.956 0.99] 0.100 | *** 2-fold (-1 2 0) {-h-k,k,-1}
0.954 0.98] 0.119 | *** 2-fold (1 1 0) {k,h,-1}
0.953 0.97] 0.105 | ***  3-fold1(001){k,~h-k,I}
0.954 0.98] 0.112 | *** 6-fold1 (00 1){h+k,-h,I} 0.0 :
0.0 0.5 1.0

This is a single crystal, P622 or P6,22 or P6,22 or ...
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Scores for each symmetry element

Lattice groupname P62 2
Reindex operator from input to lattice: [h.k.1]
_ ==l -  Symmety
0.90 identity
0.079 0.23 2-fold1 (001) {-h-k,I}
0.778 0.75] 0169 | *= 2-foldk(010) {-h,h+k.-1}
0.819 0771 0163 | *= 2-foldh(100) {h+k.-k.-I}
0.824 0.77] 0.163 | *== 2-fold ( 1-1 0) {-k.-h.-1}
0.077 0.22 0675 2-fold ( 2-1 0) {h.-h-k.-1}
0.079 0.22 0.674 2-fold (-1 2 0) {-h-k.k.-1}
0.080 0.23 0675 2-fold ( 110) {k.h,-1}
0.903 088] 0089 |**+ 3-foldi(001) {k.-h-k,I}
0.078 022 05619 6-fold1 (001) {h+k,-h1}

04/12/19
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Pseudosymmetry

Scores for each symmetry element

Lattice groupname P62 2
Reindex operator from input to lattice: [h.k.1]
_- - . Symmety
0.90 identity

0.079 0.23 2-fold1 (001) {-h-k.I}
0.778 0.75] 0169 | = 2-foldk(010) {-h,h+k.-I1}
0.819 0.77] 0163 | *= 2-foldh(100) {h+k,-k.-1}
0.824 0.77] 0163 | = 2-fold ( 1-1 0) {-k.-h.-1}
0.077 0.22 0675 2-fold ( 2-1 0) {h,-h-k.-1}
0.079 022 0674 2-fold (-1 2 0) {-h-k.k.-1}
0.080 0.23 0675 2-fold ( 110) {k.h,-1}
0.903 088 ]| 0089 | ** 3-foidi(001) {k.-h-k,I}
0.078 022 05619 6-fold1 (00 1) {h+k.-h1}

04/12/19

This is a single crystal, P3 or P3, or P3,
There is a pseudosymmetry

DLS-CCP4 workshop

Single crystal

AN
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0.0 .
0.0 0.5 1.0
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Scores for each symmetry element

Lattice groupname P62 2
Reindex operator from input to lattice: [h.k.1]
_ ==l - ~ Symmetry
0.90 identity
0.079 0.23 2-fold1(001) {-h,-k.,1}
0778 0.75] 0.169 | == 2-foldk ( 010) {-h.h+k.-I1}
0819 077 0.163 | == 2-foldh(100) {h+k-k.-I}
0.824 0.77 ] 0.163 | *= 2-fold ( 1-1 0) {-k.-h.-1}
0.077 0.22 0.675 2-fold ( 2-1 0) {h,-h-k.-1}
0.079 0.22 0.674 2-fold (-1 2 0) {-h-k.k.-1}
0.080 0.23 0.675 2-fold ( 110) {k.h,-1}
0.903 088] 0089 |**+ 3-foldi(001) {k.-h-k,I}
0.078 022 05619 6-fold1 (001) {h+k,-h1}

04/12/19
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050

0.079 0.23

0.778 0.75] 0.169
0.819 0.77 ] 0.163
0.824 0.77 ] 0.163
0.077 022 0.675
0.079 022 0.674
0.080 023 0.675
0.903 0.88 | 0.089
0.078 022 0.619

Scores for each symmetry element

Lattice groupname P62 2
Reindex operator from input to lattice: [h.k,1]

rry

identity
2-foldi (001) {-h-k.I}

2-fold k ( 01 0) {-h,h+k.-1}
2-fold h ( 10 0) {h+k.-k.-1}

2-fold ( 1-1 0) {-k.-h.-1}
2-fold ( 2-1 0) {h,-h-k.-1}
2-fold (-1 2 0) {-h-k.k.-1}
2-fold { 11 0) {k.h,-1}
3-fold 1 ( 00 1) {k.-h-k.I}
6-fold 1 { 00 1) {h+k,-h,I}

This is a partial twin, P3 or P3, or P3,
There may be a pseudosymmetry

04/12/19
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N\

1.0

P(L)

0.0
0.0
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Scores for each symmetry element

Lattice groupname P 6 2 2

Reindex operator from input to lattice: [h,k,I]

Likelihood €C R Symmetry
0.952 0.97 | 0.146 identity
0.954 098] 0.111 | **  2-fold 1 (00 1){~h,~k,I}
0.956  0.99| 0.075 | *** 2-fold k (01 0) {-h,h+k,-I} 1.0
0.955  0.98| 0.098 | *** 2-fold h (10 0){h-+k,~k,-I}
0.954 098] 0.128 | ***  2-fold (1-1 0) {~k,~h,~1}
0.954 098] 0.112 | ***  2-fold (2-1 0) {h,-h-k,-I} — 0.
0.956  0.99 0.100 | ***  2-fold (=1 2 0) {-h-k,k,-I} =
0.954 098] 0.119 | ***  2-fold (11 0) {k,h,~I}
0.953 097 0.105 | ***  3-fold 1 (00 1){k,—h-k,I}
0.954 098] 0.112 | ***  6-fold 1 (00 1) {h-+k,~h,I} 0.0
0.0

04/12/19
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Perfect twin

Scores for each symmetry element

_ Perfect twin
Lattice groupname P 6 2 2

Reindex operator from input to lattice: [h,k,I] YV
Likelihood CC R Ssymmetry \\\/A
0.952 0.97 | 0.146 identity
0.954 0.98] 0.111 | *** 2-fold 1 (0 0 1) {~h,-k,I}
0.956  0.99| 0.075 | *** 2-foldk (01 0){-h,h+k,-1} 10
0.955 0.98 | 0.098 | *** 2-fold h(1 00){h+k,-k,-I}
0.954 0.98] 0.128 | *** 2-fold (1-1 0) {-k,-h,-1}
0.954 0.98 ) 0.112 | ***  2-fold (2-1 0) {h,-h-k,-1} = 05
0.956 0.99] 0.100 | *** 2-fold (-1 2 0) {~h-k,k,-1} o
0.954 0.98 ] 0.119 | *** 2-fold (1 1 0) {k,h,-1}
0.953 0.97 ] 0.105 | ***  3-fold1 (00 1) {k,~h-k,I}
0.954 0.98) 0.112 | ***  6-fold 1 (00 1) {h+k,-h,I} 0.0 :
0.0 0.5 1.0

This is likely to be a perfectly twinned crystal.
Space group is quite uncertain at this point.
Most likely:

the space group is NOT P6,22

but one of its subgroups:

P6,, P3,21, P3,12, C222,, or even P3 etc.

04/12/19 DLS-CCP4 workshop 28



Subgroups of the point group 622

supergroup
T 622

* To test all possibilities:

- scale and merge data in each
subgroup point group

- run Phaser in each point group

and ask to try all the
222 32 6 corresponding space groups
- E.g. for point group 3, Phaser
will try P 3, P 3, P3,.
2 3
1
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Subgroups of the point group 622

supergroup
T 622

* To test all possibilities:

- scale and merge data in each

subgroup point group

- run Phaser in each point group
and ask to try all the
corresponding space groups

- E.g. for point group 3, Phaser
will try P 3, P 3, P3,.
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Switching to twin refinement

Twin refinement: Off On

Twinned crystal Single crystal
R-factor R-factor
© | © .
o o
0 | -
o o
< ‘L <
o o
™ | «
o o
N AN
o o
5 5
o _ o _
© 1 1 1 1 1 1 © 1 1 1 1 1 1
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Model error Model error
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Mini Europe

Brussels




destination360.com

il

Mini Europe

BELGIUM HOTELS

BELGIUM CITIES

W Tweet



\
il

eureporter.co

#BrusselsinView: No #Brexit for Brussels’
Mini Europe attraction

EU Reporter Correspondent | June 20, 2017 | 0 Comments

The UK may have made known its decision to leave the EU, but there is some
good news for Remainers: the British monuments at Brussels’ Mini Europe
family park will stay — for the time being at least.

The fear was that it would not just be the EU that will shrink in the event of Brexit, but
that several British models would have to be removed from Mini Europe. It had been
feared that the British landmarks would have to go if a majority of the Brits decided to
leave the EU. Of course, 52% of Brits did just that in the 23 June 2016 EU
Referendum.

But there is good news for those who feared a British exit at the park where landmark
European buildings are created in miniature. “Mini Europe will not remove its models
of British landmarks,” said Thierry Meeus, director of the popular Brussels tourist
attraction. “The Brexit negotiations will take at least two years. In the meantime, (the
UK) remains a member of the EU, and therefore so do our monuments.”
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SPONSORED LINK

FIND US ON FACEBOOK

pesews EU Reporter

Estnad 2 254 likes

Fi Like Page

Be the first of your friends to like this

LATEST TWITTER

Tweets by @eureporter



Things you don't want to see in your
diffraction data

(Why we do want to see diffraction patterns in 3D)

Andrey Lebedev, CCP4



Do images indicate crystal pathologies?

If yes:
* successful structure solution is less likely

» even if structure is solved, bad refinement stats are very likely
- explain in the manuscript (e.g. picture from dials.reciprocal_lattice_viewer)

* consider the option of finding better crystallisation conditions

A few examples are presented in this talk
If explanation is not clear — look at pictures anyway

04/12/19 DLS-CCP4 workshop 36



Graphical facilities in DIALS
Inter-grown crystals
OD-structures

Partially disordered OD-structures

Pseudo-translation



Import and image viewer

Cubic insulin, the experiment 1 from HZB MX tutorial

dials.import template=images/expl ins ssad ###.1img
dials.image viewer datablock.json
/ Zoom level: - 50% SC"B".”;‘:‘

ece e 04, 001mg zoomiews (% B Color scheme: = grayscale a

&g u exp1_ins_ssad_001.img (1) B Jumptoimage: |1 Color scheme: _ grayscale |
e #! »t sighivess: Brightness: =
56 1 56 500 S
Show resolution rings. ‘Show ice rings I¥(IIIIIIIIIIIIIIII|
B 1 48500
i ¥ Spot max pixels. | Spot all pixels L —
R ¥ Drow eflctionshosbox 7 Show redicions || Show resolution rings || Show ice rings
g G R % - Show hkl Integrated only
o R 'v| Mark beam center 'v| Mark centers of mass
LeED . ™) .
e [ V| Spot max pixels V! Spot all pixels
- Min. local
o V| Draw reflection shoebox V| Show predictions
- [ (e || Show hkl | |Integrated only
| Clearall | | Save mask |
Sigma background 6.0
Sigma strong 3.0
Global Threshold 0.0
Min. local 2
Gain 1.0
Kernel size 33
_ | mean | variance | dispersion |
R T S BV SR . sigma_b = sigmas = global = threshold |
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dials.rs _mapper map_ file=output.ccp4 datablock.json

coot --map output.ccp4d

Eile Edit Calculate Draw Measures Validate HID About Extensions Ligand

@, Reset View [ Display Manager - 8. | @ Sphere Refine + Q Backrub Rotamers

[Good aftemoon Andrey. Welcome to Coot 0.8.7

PyMol can be used as well

& @A E

B e

Coot 0.8.7 EL (ccpd)

Eile Edit Calculate Draw Measures Validate HID About Extensions Ligand

@ Reset View (] Display Manager = . | @ Sphere Refine + Q Backrub Rotamers
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dials.find_spots datablock.json
dials.reciprocal lattice viewer datablock.json strong.pickle

High resolution:  2.00 :

MinZ 0 S

MaxZ 180 S

| Show rotation axis

| Show beam vector
Reverse phi direction

Beam fast 113.15 :

Beamslow  113.11 <

Marker size: 5 <

unindexed

[ all | indexed




dials.index datablock.json strong.pickle

dials.refine experiments.json indexed.pickle scan_varying=True
dials.reciprocal lattice viewer refined.pickle refined experiments.json
dials.image viewer datablock.json

High resolution:  1.50

MinZ o0

MaxZ 180 I i
shoeboxes, predictions

Show beam vector ’

Reverse phi direction

Beam fast  113.15

Beamslow 113.11

f

4

Marker size: 5

| all | indexed ‘ unindexed | inlegrated|

o e [

(6.5, 49!‘

(6.7, 22/

6.8 723-‘

orange: indexed -
white: not indexed

Picture: slow=1906.875 / fast=1085.000 pixels. Readout: slow=1906.875 / fast=1085.000 pixels. I=56.000 Resolution: 2.560



Visualising XDS results

e XDS results can be imported to DIALS and visualised in 3D

dials.import xds xds/
dials.import xds method=reflections xds/SPOT.XDS
dials.reciprocal lattice viewer experiments.json spot xds.pickle
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Viewer for web-browsers combining both views, intensities as maps and
spots as dots (by Marcin Wojdyr, CCP4, https://github.com/uglymol)

[ 1mru-uglyMol % Y [ Reciprocal UglyMol ~ x Y [& Solarized - EthanSche x . §

@ file:///home/wojdyr/uglymol/reciprocal.html#xyz=49.2,121.8,101.9&eye=39.1,45.9,166.3&z0om=49

map 1 level = 112.9421-e/A¥(+:60 rmsd)
A VAR Y-

%




Inter-grown crystals
(multi-lattice data)



| Coot 0.8.7 EL (ccp4)

dials N r‘s mapper‘ o o o File Edit Calculate Draw Measures Validate HID About Extensions Ligand

COO‘t _ ma p Out p u_t .CC p4 [} @, ResetView [ Display Manager =& §.. | @ Sphere Refine + J Backrub Rotamers

beta-lactamase OXA-163
PDB ID 4s2m

Data from Vlatko Stojanoski
Baylor College of Medicine
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Example of random crystal inter-growth

Easy case:
 Lattices are mainly separated, with only very few reflection overlapping

 Signal from one lattice is substantially higher than from others

The intensities for the strongest lattice were processed,
structure solved and refined to R=0.20 R-free=0.26
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Example from Leela Ruckthong

* How many lattices you can spot here?

Argonne

NATIONAL LABORATORY

W
B

b

@

> 4 P

Click and drag to pan; middle-click and drag to plot intensity profile, right-click to zoom
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1
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Picture: slow=1860.000 [ fast=2944.000 pixels. Readout: slow=1860.000 | fast=



Picture: slow=



Picture: slow=



Picture: slow=1900.000 / fast=2992.000 pixels. Readout: slow=1800.000 | fast=



Picture: slow=



Picture: slow= 000 [ fast=3312.000 pixels. Readout: slow=2152.000 [ fast=



Picture: slow= 000 [ fast=3296.000 pixels. Readout: slow=1752.000 [ fast=



Picture: slow= .000 [ fast=3596.000 pixels. Readout: slow=1932.000 [ fast= N Resolution: 1.512
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Seven lattices: too many overlapping spots?

* Only the strongest single lattice gave reasonable merged data
» all others were incomplete or had much lower I/sig(l)
» merging data from several lattices did not work well

* Solved and paper in preparation
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Summary on multiple lattices

e Usually it is reasonable to use the data derived from one singe lattice

* Sometimes completeness can be improved by merging datasets derived
from two or more lattices

* Sometimes the best lattice is not the first found by Dials

* DIALS: Indexing all the lattices together facilitates refinement of the
parameters for each individual lattice
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Order-Disorder structures
(OD-structures)

* Definition
* Example of an OD twin

* Example of allotwin

Actually disordered OD-structures:
Relatively frequent
Data can sometimes be useful
Good for illustration purpose



Order-disorder structures (OD-structures)

- identical layers
- identical interfaces between the layers
- but: two or more ways of packing three adjacent layers

*) MX: "identical" means Car.m.s.d.<1A

*) S, and S,. are called stacking vectors

- two-dimensional periodicity
- a potential for disorder in the third dimension
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OD-structures

Single crystal Single crystal
I | I |
| | | |
I | I I
| | | |
I | I I
| | | |
I | I I
| | | |
I | I I
[ L A !
Partially
disordered
OD-twin Allotwin OD-structure
g ! IE é | |
C C2 : P2, d ]
I | I | I I
| | | | | |
[ r g .
|| C2 || P2,2,2, || ||
| | | | | |
Example 1 Example 2 Examples in the
next section
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Morphological classification
OD-twin

Geometrical classification
Twinning by reticular pseudo-
merohedry

Synonym
Non-merohedral twinning

File Edit Calculate Draw Measures

dials.rs_mapper + coot

X| Coot 0.8.7 EL (ccp4)

Validate HID About Extensions Ligand

[=] @, ResetView [ Display Manager & 8. | @ Sphere Refine + J Backrub Rotamers

Goo!

d evening Andrey. Welcome to Coot 0.8.7
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Real and reciprocal lattces

oo ¢ ."Oo‘ ..00°°. o0 ®

® 04 e000?® . .....!' .!..... ~——
. 10 20 30 a*y
c*y h

Twinning by reticular pseudo-merohedry
(Non-merohedral twinning)

e Process data from one lattice and ignore twinning
e Process data from one lattice and demodulate the data

e Record total intensity of overlapping spots (SAINT, iMosflm) and deal
with it at refinement (SHELXL)
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Demodulation: improvement in the electron density

Visually, improvement from demodulation occurred
only in the electron density for solvent molecules
(Poor density for solvent was the original reason for data revision)

The electron density maps (2-1 at 1.50 and 1-1 at 30)
around the L-lactate molecule before and after demodulation

R/R-free=0.21/0.27 R/ R-free=0.16 / 0.23
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Example 2: allotwin

‘o M Crystals of Lon protease —Fh —
: v, Resolution 3A ' '
GO - : : ‘. 'o ’JIJE I:’212121 }'JH
e e .:",‘ ' L "
e g : Dauter et al. (2005).
ot i . Acta Cryst. D61, 967-975.

P2, a=485A
b= 86.3A
c=138.0A
B=92.3°

P2.2.2 a= 86.3A

e b= 90.6 A
c=148.0 A

04/12/19 DLS-CCP4 workshop 66



Example 2: allotwin

Crystals of Lon protease
Resolution 3A

Dauter et al. (2005).
Acta Cryst. D61, 967-975.

Structures of both crystal
forms were solved

R / R-free

04/12/19

PDB code 1z0t

0.19/0.35

DLS-CCP4 workshop

PDB code 1z0v

0.21/0.31
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Example 2: allotwin

* More frequently, the presence of very different indexing solutions means
that the indexing program is struggling rather than domains belonging to
different space groups actually exist.

* 3D viewers will help to check what is actually happening.

* In any case, it is a warning sign if e.g. different programs suggest different
crystal point/space groups (e.g. P2, and P 2,2,2,)
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Partially disordered
OD-structures

Visualisation (detection)
Ghost density
Indexing

Effect on structure solution



OD-structures

Single crystal Single crystal
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
[ L A !
Partially
disordered
OD-twin Allotwin OD-structure
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| | | | | |
| I | [ | [
| | | | | |
| | | | | |
| | | | | |
| | | | | |
Examples 1,2 & 3
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diffracts almost as partially disordered

a true
single crystal

crystal

a single crystal

ordered
domains

L

=

coherence
length of
X-rays




White arrow - direction in which
global periodicity is missing

dials.rs_mapper + coot

B |
ordered |_ |' |
domains ¢ N

|| ||
|| ||

- > |

/Il |I
defect > |




White arrow - direction in which An example from Rafael Ciges, 1

. . . . . . i i 1 i |
global perlodICIty is missing Biomedical Institute of Valencia :|

]

’

|
* Space group P2,2,2 F P :hl
Resolution 1.2A

The diffraction images were
processed with XDS

Structure was solved with MR

Preliminary refinement R, = 0.35

Extra residues were expected
compared to MR model

dials.rs_mapper + coot
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Example 1: demodulation of intensities

* Data were demodulated to approximately account for disorder

R R-free
Original data 0.33 0.34
Corrected data 0.25 0.26
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White arrow -

direction in which

global periodicity is

missing

Packing ambiguity

Two adjacent domains




Example 1: Summary

» Partial disorder in OD structures results in a ghost density
 Structure can be solved and refined ignoring partial disorder

* Demodulation procedure may remove ghost density and therefore help with
interpretation of the ED maps

» Not always badly needed
» Not always works
» There are several bespoke scripts around
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Example 2: auto-indexing failure

Fast DP @ DIAMOND

R

meas

CC(1/2)=0.3

04/12/19

Refinement
=0.12 ? Rcryst =0.33 ?
at 1.56 A Rfree =0.36

Molecular Replacement v/

--- Peaks of Rotation Function ===

temmccccccccccccccccccccccccccccccccccccaae +
| theta phi chi Rf/sigma |
S +

1 63.62 174.24 148.98 13.70

2 80.19 =58.05 61.61 13.63

3 149.48 -148.30 170.26 13.34

4 107.22 84.22 129.22 13.04

5 87.46 75.99 136.16 12.18

6 111.97 -=14.20 175.28 12.10

7 157.20 173.73 153.99 11.25

8 58.77 =96.16 51.96 11.24

9 75.76 =63.11 54.46 6.21

10 102.46 82.67 133.90 5.83
temmmcccccccccccccccccccccccccscccccecc————- +
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front view side view

There is global 2D translational White arrow indicates direction in which
symmetry in the plane of figure translational symmetry is not global
(only within individual domains)

File Edit Calculate Draw Measures Validate HID About Extensions
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White arrow indicates direction in which
translational symmetry is not global (only
within individual domains)

There are also areas with less spots

White “spots” are not indexed; actually,
these are tails of diffuse reflections
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Maps v
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AL *f

s 7

Tl E
<

(mol. no: 0) CA/1/D/320 MET occ: 1.00 bf: 25.59 ele: C pos
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(mol. no: 0) N /1/B/185 ASP -X,Y+1/2,-Z + 1)& {000} occ: 1.00 bf: 10.57 ele: N pos: (7.73,54.6 11.60) _
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Example 2: Summary

» Partial disorder a frequent reason of indexing failure
* Use 3d viewers for diagnostics

* Warning: high contrast in MR can be obtained even for wrongly indexed
data provided that the search model is highly similar to the target
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Input information: Example from Rui Wu

® (P 2

* Images are good
— But there a several different indexing solutions Argonne

NAL LABORATORY

* 99% homologue for Molecular Replacement
— But no MR solution
- Even more, no contrast on Rotation Function

* Twinning?



Example 3: first and last images

Partial disorder was not detected directly from images

first image

[ NON ) [Users/andrey/1-Shelf/CasesTMP/63_Rui_Wu/B8/B8_caspase1_bottom_1_00001.cbf .
'
'\\,ﬁ Hd Image: | B8_caspasel_bottom_1_00001.cbf [1] ‘ ’ Jump to image: IaSt I I I lag e

Previous Next

eo0e® [Users/andrey/1-Shelf/CasesTMP/63_Rui_Wu/B8/B8_caspase1_bottom_1_00600.cbf

'
&g hd Image: = B8_caspasel_bottom_1_00600.cbf (600] ‘ } Jump to image:

Load file Save As. Previous Next

GisE . ¢ SSaeeth
Click and drag to pan; middle-click and drag to plot intensity profile, right-click to zoom

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

Blue arrow — direction of
missing global translation
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front view

ccpa)
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Example 3: unsolvable structure

Input information:

* Images are good
— But there a several different indexing solutions

* 99% homologue for Molecular Replacement
- But no MR solution
- Even more, no contrast on Rotation Function

* Twinning?

04/12/19 DLS-CCP4 workshop 95



Example 3: MR against PDB (Simbad; less happy end)

Despite very clean sample
a minor contaminant has crystallised:

Crystal pathology is not necessarily a
reason for failure to solve structure!

04/12/19

Wi

00 Bing Google Wikipedia acebook  Twitter Linkedin The Weather Channel
Collaborative Computational Project No. 4

Software for Macromolecular X-Ray Crystallography

Home (Logout) > Login > Programs > SIMBAD > View Results

SIMBAD
UNIVERSITY OF SIMBAD

LIVERPOOL

Please cite the following paper, if you used a solution from SIMBAD:

Keegan et al.; Acta Cryst. (2016). D72, 933-943

PROCESS 1419445452 HAS ENDED

Graph Data
v Scores Vs. Rank (by R-Free)

MOLREP score Vs. Rank
MOLREP TF/sig Vs. Rank

R-Fact/R-Free

I REFMAC R-Fact
I REFMAC R-Free

6 20 40 60 80 100 120 140 160 180
Rank (by R-Free)

(

- Downloads

DLS-CCP4 workshop
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Partial disordered OD structures

Data processing

- Indexing can go wrong (use higher "gain" parameter, merge several adjacent
images together etc. to get it right)

Structure solution:
- Molecular Replacement - yes
- Experimental phasing — must be problematic

Refinement / model building:
- Some features of electron density may be non-interpreted (ghost density)
- Expect higher R-factors

Crystals with translocation defects
- Term usually used in MX for partially disordered OD-structures
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Pseudo-translation

* Visualisation
e Effect on indexing

e Pseudo-origin MR solutions



Pseudotranslation

Crystallographic translation

Crystallographic translation

Pseudo-translation

04/12/19

1
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DLS-CCP4 workshop

No pseudotranslation

Pseudotranslation

c=2c
c’*=c*/2

Planes 2L+1 contain weak
reflections

99



Example: two pseudo-translation vectors

S e s | b | ey

All reflections C222 749 1228 125.0
Strong reflectionsonly /1222 37.5 61.4 125.0

Example from Victor Lamzin, YSBL-DESY

» structure solved using SAD
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Images imported as they were, oscillation 0.1°

dials.import template=images/SeMet 38 04 O####.cbf
dials.find_spots ...

dials.index ...

dials.refine ...

dials.reciprocal lattice viewer ...

white — not indexed
orange — indexed
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Merged each 5 adjacent images to make oscillation 0.5°, then imported

dials.merge cbf images/SeMet 38 04 Oo##i##.cbf merge_n_images=5
dials.import template=sum ####.cbf

dials.find_spots ...

dials.index ...

dials.refine ...

dials.reciprocal lattice viewer ...

white — not indexed
orange — indexed




Pseudo-translation and indexing

Week reflections may confuse indexing programs

Visual control using 3D viewers is useful
- check if pseudo-translation is not overlooked
- check if pseudo-translation is not an indexing artefact

How important is to use the weak reflections?
- usually improve both density and refinement stats
- there are examples when these only make refinement stats worse
- sometimes ignored to simplify the first steps of structure solution and used later
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END

You are welcome to discuss your problematic data!



Non-commensurate
modulated structures

* Example

» from Ivan Campeotto, Oxford and Arwen Pearson,
DESY (PDB id 2wnq)



Non-commensurate modulated structure
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