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10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-di ional cr llographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)

T A
422 Dy " ._T )

\ /
N \’
~e—
8 d 1 Tetragonal trapezohedron (hkl) (hkl) (khi) (khl)
Twisted tetragonal antiprism (p) (hKT)  (hkD) (ki) (khl)
Ditetragonal prism (hk0) (hkO) (khO) (khO)
Truncated square through origin (hk0)  (hkO) (khO) (khO)
Tetragonal dipyramid (hOl)  (hOI) (OAl) (Ohl)
Tetragonal prism (hOT)  (hOT) (ORI) (Ohl)
Tetragonal dipyramid (hhl) (Rhl) (hhi) (hh)
Tetragonal prism (hhl) (hhl) (hhl) (hh)
4 ¢ 2. Tetragonal prism (100) (100) (010) (010)

Square through origin (I)
4 b 2 Tetragonal prism (110) (110) (110) (110)
Square through origin (j)
2 a 4. Pinacoid or parallelohedron (001) (00T)
Line segment through origin (g)
Symmetry of special projections

Along [001] Along [100] Along [110]
4mm 2mm 2mm

8 d 1 Ditetragonal pyramid (hkl) (hkl) (khl) (ki)
Truncated square (g) (hkl) (hkl) (khi) (ki)
Ditetragonal prism (hk0) (hkO) (khO) (khO)
Truncated square through origin (hk0) (hkO) (khO) (khO)

4 ¢ m. Tetragonal pyramid (HO1)  (hO1)  (Oht) (ORI)
Square (e)
Tetragonal prism (100) (100) (010) (010)
Square through origin

4 b m Tetragonal pyramid (hhl) (hhi) (hhl) (hhl)
Square (d)

Volume Tetragonal prism (110) (ii0) (110) (1i0)

Square through origin

1 a 4mm  Pedion or monohedron (001) or (00T)

Single point (a)

Symmetry of special projections
Along [001]  Along [100]  Along [110]
4mm m m

Space-group symmetry
Edited by Th. Hahn 774
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Point group symmetry (ignoring any translations)
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The point groups that can exist in protein crystals




The point groups that can exist in protein crystals

4
222 - 6
an
N %

321 312 23

W vaD N

SO &

'
NaYA 4y

N2

2/ I\°N
/ /'\ | /_'-}\
\SKad 7/

NS¢ /o

432
?



Space group assignment (e.g. Pointless)

Reciprocal space lattice
(positions of reflections)
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Example

A
v
il

helmholtz-berlin.de

+

Sitemap Contact Imprint My Intranet

HZB Helmholtz

Zentrum Berlin enter search item. press retur all sources - Search

|| Quick Access for Visitors

Overview User Facilities Research User Access Offers News Media Centre

HZB Home > Research > Divisions, institutes, working groups > Energy
Materials > Soft Matter and Functional Materials > Research > Macromolecular
Crystallography > X-ray Tutorial > Experiment 3

~ Research

~ Divisions, institutes, working
groups

Experiment 3: Molecular Replacement
of lysozyme

« Energy Materials

RS C LR |1 this experiment, the structure of monoclinic hen-egg white

lysozyme (HEWL) will be determined by Molecular Replacement
(MR) using the structure of tetragonal HEWL as search model. MR is
a method to determine a structure in cases where a similar
structure is already known. If the similar structure can be correctly
oriented and positioned in the unit cell of the structure to be
solved, it can be used as a starting point for phase calculation and
» Download instructions refinement. Currently about two thirds of all new structures
deposited with the Protein Data Bank (2 PDB) are solved using MR.

» Experiment 1

» Experiment 2 Downloads

ST = Download the Tutorial as a pdf file (690 KB)

> Experiment 4 » Download the diffraction images 1/3 (221 MB)

17/12/16 DLS-CCP4 workshop



CCP4|

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 |
i i 1 11:22:27 FINISHED aimless [N
D Dala Processing using Mosfim | View Any File

= |
)n;'zp:wtl = “::m o = | View Files from Job P~ ”KI
Find or Match Laue Gmup
Scale and Meme Intensities
Aimless | symmetry, Scate, Merge (Aimiess) |
N yimme: , ocale erge cald
Multiple dataset analysis (Blend)
) uitties
D Check Data Quality

X\ Data reduction - Pointless, Aimless, Ctruncate Initial parameters from /Users/andrey/1-Shelf/Workshops/16.12.13....

If there are multiple datasets then merye into a single MTZ file using CAD | Help ‘
Job title |[No title given] Al
Custom scafing options: defauit is to determine [aue group, refine & apply scales, and write merged daia

J G i Y try determination _| Option to skip scaling & just merge _| Customise output options
_| Separate anomalous pairs for outlier rejection & merying statistics
W Run Ctruncate P~ |w output Wilson plot and SFs after scaling W and output a single MTZ file
_1 Ensure unique data & add FreeR column for [0.05  fraction of data.

1

1

Input reflection file type: XDS file —
Project name: |[XDSproject  crystal name: ,ﬁs::rystal dataset name: |XDSdataset
XDS #1 data — |XDS_ASCII.HKL Browse I Miew |

Edit list — | ada Fe |

1 Use reference file in analysis against Batch after scaling

HKLOUT exp3  — [[XDS_ASCI_scaledz.mtz Browse || View |

Resolution and batch exclusions |
1 Exclude data resolution less than Angstrom or greater than Angstrom
_I Exclude selected batches

Options for Pointiess |

| Always set primitive orthorhombic groups in cell length order (a<b<c) & allow monoclinic 12 setting of C2 —

Scaling Protocols |

Scafing protocol for -
For ~ |scale with automatic default settings — |

Edit list — | Add Scale Protocol |J

Define Runs =
Accepted and Excladed Daia

Reject Qutiiers

SD Correction Protocols
Observations Used & Hardling of Partials
Scaling Details

A e e

0 amplitudes and final auiput

Run P~ Save or Restore _-I Close |

l

17/12/16 DLS-CCP4 workshop
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Aimless

17/12/16

CCP4|

|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 —|l6 11:44:29 FINISHED aimless [N Directories&ProjectDir |
D Data Processing using Mosfim | 1 11:22:27 FINISHED aimless [N T |
ew le
’ = - | View Files from Job — "X
Xia2 - automatic dataprocessing [ =
Find or Match Laue Group ) 6: [No title given o
Scale and M it £ )
erge Intensities LR : - </ DS
Symmetry, Scale, Merge (Aimless) |  print  PDFPS  Refresh  aimless CCP4 | Find  Back  Forward Preferences  Exit

nd Symmetry, e erge (Scala
Multiple dataset analysis (Blend)

< E*2 >ab 0.99 0.95 1.00 0.98 0.98 0.99

» uwritities
Centering probability 0.00 0.00 0.00 0.00 0.00 0.00

ha i

D Check Data Quality

No extra lattice symmetry found

Time for lattice absence test 0.061 secs

Model for expectation(CC) = E(m) if symmetry is absent P(m;!S) = (1-m"k)"(1/k) with k = 2.3

rUni.'(: cell (from HKLIN file) used to derive lattice symmetry with tolerance 2.7 degrees
27.46 62.36 59.54 90.00 90.52 90.00

Tolerance (and delta) is the maximum deviation from the
expected angle between two-fold axes in the lattice group

&agtiee}point group: P 4 2 2

Reindex operator from infaut ceil to lattice cell: [1,-k,h]

At = (hk1)( 0 0 1)
( 0 -1 0)
( 1 0 0)

Lattice unit cell after reindexing: deviation 2.68 degrees
59.54 62.36 27.46 90.00 90.52 90.00
4 pairs rejected for E"2 too large
Overall CC for 20000 unrelated pairs: 0.002 N= 20000, high resolution limit 1.35
Estimated expectation value of true correlation coefficient E(CC) = 0.137
Estimated sd(CC) = 1.051 / Sgrt(N)
NOTE: high multiplicity data. Maximum multiplicity 32 reduced to maximum 25 to save time

Estimated E(CC) of true correlation coefficient from identity = 0.710

Analysing rotational symmetry in lattice group P 4/m m m

Scores for each symmetry element

Nelmt ©Lklhd Zz-cc cc N Rmeas Symmetry & operator (in Lattice Cell)

Ready

DLS-CCP4 workshop
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CCP4|

|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 |
Data 1 11:22:27 FINISHED aimless [N
D EEnbmrms ey s View Any File |
Import integrated Dala =
» = = View Files from Joh — "X
Xia2 - automatic dataprocessing I {

Find or Match Laue Group

Scale and Merge Intensities @ \7 -/ ,\/ @
Aimless Symmetry, Scale, Merge (Nmiess)] Refresh : aimless CCP4 . Find Back Forward Preferences  Exit

nd Symmetry, e erge (Scalg
Multiple dataset analysis (Blend) ]

Nelmt Lklhd Z-cc cc N Rmeas Symmetry & operator (in Lattice Cell)
b utitties F| - —
1 0.773 9.68 0.97 f241062 0.039 identity
' Check Daia Quality | 2 0.053 0.92 0.09 § 200224 0.687 2-fold 1 001) {=h,-k,1}
3 0.775 9.64 0.96 § 199075 0.039 ** 2-fold k 010) {=h,k,-1}
4 0.053 0.94 0.09 § 199008 0.690 2-fold h 100) {h,=k,~1}
5 0.055 0.26 0.03 § 201456 0.773 2-fold 1-1 0) {-k,=h,-1}
6 0.056 0.23 0.02 § 217593 0.786 2-fold 110) {kx,h,=1}
7 0.059  0.04 0.00 (395230 1.200 4-fold 1) 0 0 1) {-k,h,1}{k,-h,1}
Time to determine pointgroup: 3.374 secs

Acceptable Laue groups have scores above 0.15

Scores for all possible Laue groups which are sub-groups of lattice group

Note that correlation coefficients are from intensities approximately normalised
by resolution, so will be worse than the usual values

Rmeas is the multiplicity weighted R-factor

Lkxlhd is a likelihood measure, a probability used in the ranking of space groups

Z-scores are from combined scores for all symmetry elements
in the sub-group (Z+) or not in sub-group (2-)

NetZ = Z+ - Z-
Net Z-scores are calculated for correlation coefficients (cc)
The point-group Z-scores Zc are calculated
as the Zcc-scores recalculated for all symmetry elements for or against,
CC- and R- are the correlation coefficients and R-factors for symmetry elements not in the group

Delta is maximum angular difference (degrees) between original cell
and cell with symmetry constraints imposed

The reindex operator converts original index into the ional
scheme for sub-group

Accepted Laue groups are marked '>'

The HKLIN Laue group is marked '=' if accepted,

-' if rejected

Laue Group Lklhd NetZc Zc+  Zc- cc CC- Rmeas R- Delta ReindexOperator
=1 1 0.735 9.25 9.67 0.42 0.97 0.04 0.04 §0.82 0.0 [h,k,1)]
> 2 0.213 7.82 9.68 1.87 0.97 0.19 0.04 J0.64 0.0 [h,1,-k]
3 1 0.013 4.00 6.22 2.22 0.62 0.22 0.25 J0.61 2.7 [k+l,-k+1,h]
4 1 0.012 4.10 6.29 2.19 0.63 0.22 0.24 J0.61 2.7 [=k+1,-k-1,h]
5 1 0.012 4.49 6.54 2.05 0.65 0.20 0.23 0.63 0.5 [h,1,-k]
6 1 0.012 4.46 6.52 2.06 0.65 0.21 0.23 0.63 0.5 [=1,-h,k]
7 P 0.002 5.85 5.98 0.12 0.60 0.01 0.26 0.91 0.5 [h,1,-k]
8 0.001 1.90 4.57 2.67 0.46 0.27 0.43 J0.51 2.7 [1,-k,h]
9 [ 0.000 0.57 3.83 3.27 0.38 0.33 0.43 J0.54 2.7 [-k+1,-k-1,h]
10 4 0.000 3.61 3.61 0.00 0.36 0.00 0.47 J0.00 2.7 [1,-k,h]

N
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Rmeas Symm operation
’/-\\ .d .
/ \|/ \ 0.039 identity
—eo—0 0.687 2-fold 1
\\/|\,/ 9.039 ** 2-fold k
~e— 0.690 2-fold h
422 0.773 2-fold
0.786 2-fold
1.200 4-fold 1
+ inversion
Laue Group Rmeas
~ P
~ | N -1 P12/m1 ** 0.04
f—0—9 2 P -1 0.04
\/l\,/ 3 C12/m1 0.25
Seo~ 4 C12/m1 0.24
4 /mmm 5 P12/m1 .23
6 P12/m1 0.23
7 Pmmm 0.26
8 P 4/m 0.43
9 Cmmm 0.43
10 P 4/m mm 0.47

17/12/16

DLS-CCP4 workshop
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+ inversion

17/12/16

Rmeas Symm operation
0.039 identity
0.687 2-fold 1
0.039 ** 2-fold k
0.690 2-fold h
0.773 2-fold
0.786 2-fold
1.200 4-fold 1
Laue Group Rmeas
=1 P12/m1 ** 0.04
> 2 P -1 0.04
3 C12/m1 0.25
4 C12/m1 0.24
5 P12/m1 0.23
6 P12/m1l 0.23
7 Pmmmm 0.26
8 P 4/m 0.43
9 Cmmm 0.43
10 P 4/mmm 0.47

DLS-CCP4 workshop
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+ inversion

17/12/16

Rmeas Symm operation
0.039 identity
0.687 2-fold 1
0.039 ** 2-fold k
0.690 2-fold h
0.773 2-fold
0.786 2-fold
1.200 4-fold 1
Laue Group Rmeas
=1 P12/m1 ** 0.04
> 2 P -1 0.04
3 C12/m1 0.25
4 C12/m1 0.24
5 P12/m1 0.23
6 P12/m1l 0.23
7 Pmmm 0.26
8 P 4/m 0.43
9 Cmmm 0.43
10 P 4/mmm 0.47
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Probable crystal point group

Rmeas Symm operation
— -
N 0.039 identity /\
—eo —0 0.687 2-fold 1 —
\\/|\’/ 9.039 ** 2-fold k \J
e 0.690 2-fold h
422 0.773 2-fold 2
0.786 2-fold
1.200 4-fold 1
+ inversion + inversion
Laue Group Rmeas
~ P
AN A -1 P12/m1l ** 0.04 m
f—o—¢ > 2 P -1 0.04 (] o
V1, 3 C12/m1 8.25 \J/
oo 4 C12/m1l 0.24
4 /mmm 5 P 12/m1 0.23 2/m
6 P12/m1l 0.23
7 Pmmm 0.26
8 P 4/m 0.43
9 Cmmm 0.43
10 P4/mmm 0.47
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CCP4|

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 |

Data Processing using Mos: 1 11:22:27 FINISHED aimless [N
L4 A View Any File |

Import integraled Data -

4 = = ’ View Files from Job — "S
Xia2 - automatic dataprocessing [ _ [}

Find or Match Laue Group

Scale and Merge Intensities é @ e v ,><

Aimless Symmetry, Scale, Merge (leess)] Print PDF/PS . Refresh = aimless CCP4 Preferences  Exit

ind Symme cale & Merge (scal:
i ! i 4 Results
Multiple dataset analysis (Blend) . .
Job 6: [No title given
) omwtes = - [ given]
' Check Dala Quality o E.Evans, 'An introduction to data reduction: space-group determination, scaling and intensity statistics' Acta Cryst.
D67, 282-292 (2011)
PDF
Graph Data - . T T
» Mn(Uisigl) and CC(1/2) [in P1] vs. resolution 50 + ! ! . ' E
v Axial reflections, axis b (lattice frame) screw axi... - L 4
v Vsigl vs. index, axis b, screw axis 2(1) ~
. . Usigl © 40 + 4
1/sigl =
AXIal I’eﬂeCl'IOI’]S b » lvs. index, axis b, screw axis 2(1) § L |
)
15 s
3 30 + B
o
L r 1
8 20 + ]
3
° L ]
£
2 10 4
=)
k7 L ]
0t n n n . : : : 7
. = 10 20 30 40
raw data Print  Export Copy
Index

™ Mn(I/sigl) and CC(1/2) [in P1] vs. resolution
[»] L-test for twinning, twin fraction 0.028

@ Axial reflections, axis b (lattice frame) screw axis 2(1)

82 Aun of AIMLESS on 17/12/2016 at 11:44:04
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CCP4|

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 |
Processing using 1 11:22:27 FINISHED aimless [N
D & LED B View Any File |
Import inlegrated Dala -

4 = = ’ View Files from Job — "S
Xia2 - automatic dataprocessing [ _ [}

Find or Match Laue Group
Scale and Merge Intensities

A| m | ess Symmetry, Scale, Merge (Aimless) ]

SpacegroupP 1211
Unit cell ...

S B 2 0 e

Print  PDF/PS Refresh aimless CCP4

ind Symmetry, Scale erge (Scala =T
Multiple dataset analysis (Blend) . . .
D utiities - Job 6: [No title given]
D Check Data Quality o

[v] Result

Best Solution: [ space group P 1 21 1 ]

Reindex operator: [h,k,1)
Laue group probability: 0.735
Systematic absence probability: 0.992
Total probability: 0.729
Space group confidence: 0.613
Laue group confidence 0.619
[ Unit cell: 27.46 62.36 59.54 80.00 90.52 90.00 ]
19.62 to 3235 - Resolution range used for Laue group search
19.62 to 1.35 - Resolution range in file, used for systematic absence check
Number of batches in file: 360

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

(v Please cite:
P.R.Evans, 'Scaling and assessment of data quality' Acta Cryst. D62, 72-82 (2006).

PDF

P.R.Evans, 'An introduction to data reduction: space-group determination, scaling and intensity statistics' Acta Cryst.

D67, 282-292 (2011)

PDF

Preferences

Exit

8] Aun of POINTLESS on 17/12/2016 at 11:43:59

Graph Data

» L-test for twinning, twin fraction 0.028
v Axial reflections, axis b (lattice frame) screw axi...
v Usigl vs. index, axis b, screw axis 2(1)

—
=

L

sigl
IYsigl

» Mn(lisigl) and CC(1/2) [in P1] vs. resolution 50 + A ! ! . T ! j
» lvs. index, axis b, screw axis 2(1) ,

——
—— )
Lo
T
T
T
——

crew axis 2(1)

an
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CCP4|

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 |
mport integraled I
View Files fi Joh —
Xia2 - automatic dataprocessing [ ew Tes rom 0 IISI
Find or Match Laue Group - ) )
Scale and Merge Intensities @ @ e <& ,><
A | m | ess Symmetry, Scale, Merge (Aimless) ] Print PDF/PS = Refresh = aimless CCP4 Preferences  Exit
ind Symmetry, Scale & Merge (Scala Trmiie
Multiple dataset analysis (Blend) F =
S gt Job 6: [No title given]
r ) =g
D Check Dala Quality -
(3] Analysis ag with & without (Ov), XD:
() 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 =
» Intensity Completeness analysis ‘s 10 F T ' T ' T ' T ' T ' T ' T ' T ' T ' d o
» Wilson plot s L 1
» Intensity anomalous analysis 2 09 L i
» Intensity statistics ° -
B Curaylative it dictribgtios g [ T
. . v Ltest for twinning c 081 i
L-test for twinning *_cumatve disrbution nction for L wi .. | E [ ;
o ary b
1 1 Untwinned ] o i
(no twinning) Tuimed = o6l ]
» Acentric Moments of | L L i
» Centric Moments of | S 05+ p
» Htest for twinning % L i
» Britton plot for twinning € 04 | i
» ML-Britton test for twinning =] L |
» Phil plot c
¢ 03t i
= - 4
2 02
"Jz L ]
T 01t i
[0} - 4
2 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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CCP4|

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

) Data Processing using Mosfm

D import integrated Data
Xia2 - automatic dataprocessing
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Probable crystal point group

Rmeas Symm operation
— -
N 0.039 identity /\
—eo —0 0.687 2-fold 1 —
\\/|\’/ 9.039 ** 2-fold k \J
e 0.690 2-fold h
422 0.773 2-fold 2
0.786 2-fold
1.200 4-fold 1
+ inversion + inversion
Laue Group Rmeas
~ P
AN A -1 P12/m1l ** 0.04 m
f—o—¢ > 2 P -1 0.04 (] o
V1, 3 C12/m1 8.25 \J/
oo 4 C12/m1l 0.24
4 /mmm 5 P 12/m1 0.23 2/m
6 P12/m1l 0.23
7 Pmmm 0.26
8 P 4/m 0.43
9 Cmmm 0.43
10 P4/mmm 0.47
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Space group assignment (e.g. Pointless)

Reciprocal space lattice
(positions of reflections)

00O
00O0OO0OO
000O0O0OO0O0OO
000O0O0OO0O0OO
000O0O0OO0O0OO
00O0OO0OO
00O

(Approximate)
lattice point group

-

Mirror symmetry is not

Intensities of
allowed in biological reflections
macromolecules
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crystal point group

crystal point group

Intensities of axial
reflections
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Space group: P12,1
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H-test and L-test

H=]J1-12|/(J1+J2) L=]J1-J2|/(J1+)2)

IIIIIIIIIIIIIIIIII
---------------------

sublattices with strong and weak
reflections (pseudotranslation)

twin axes
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H-test and L-test

H=]J1-12|/(J1+J2)

twin axes

L=J1-02]/(J1+)2)

sublattices with strong and weak
reflections (pseudotranslation)

June 19, 2015 APS/CCP4 School, Argonne 28



not a twin operation

P(H)

NN

Theoretical distribution of H

What is the tested operation?

twin operation
(partial twinning)

N\

P(H)

June 19, 2015

APS/CCP4 School, Argonne

P(H)

twin operation

(perfect twinning)

N\Z.

or operation of the
crystal point group

NN
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Distribution of H can be perturbed by NCS and weak

observations

1.0

P(H)
06 08

0.4

0.2

0.0

0.0

June 19, 2015

0.2

0.4

0.6

0.8 1.0

APS/CCP4 School, Argonne

Blue:
ideal distribution for
partial twin

Green:
blue + effect of
NCS axis || twin axis

Red:
green + effect of
intensities with small I/ sig(l)
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Examples of experimental P(H)

05 04 03 0.2 0.1 0.0 05 04 03 2 0.1 OV 05 04 03 ’0.1 0.0
0.8 / /// 8 / e 0.8- / / yd
—~~ 0.6' / / —~~ 06- //
£ / £
Ry 04+ / R 04
02 1rxf 1kus 031 Igwy
0.0 02 04 0.6 0.8 1.0 . 0.6 0.8 1.0 0.0 02 04 0.6 0.8 1.0
H H H
An almost ideal case + effect of + effect of
NCS axis | | twin axis intensities with
small 1/ sig(l)
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H-test and L-test

H=]J1-12|/(J1+J2) L=]J1-J2|/(J1+)2)

IIIIIIIIIIIIIIIIII

sublattices with strong and weak
reflections (pseudotranslation)

twin axes

June 19, 2015 APS/CCP4 School, Argonne 32



Theoretical distribution of L

Single crystal Partial twin or NCS | | twin axis

Perfect twin

NN

1.0 1.0 1.0
=05 =05 =05
(a (a (a8
0.0 . 0.0 . 0.0 .
0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
L

June 19, 2015 APS/CCP4 School, Argonne
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Distribution of L can be strongly perturbed by weak

observations
Cell: 64.2 109.2 100.2 90 93.8 90
Space group: P2,
No pseudo symmetry
Pseudomerohedral twinning is impossible
All data: Data below 3A:
as if a perfect twin untwinned
1.0 1.0
g 0.5 g 0.5
0.0 T 0.0 T
0.0 0.5 1.0 0.0 0.5 1.0
L L

June 19, 2015 APS/CCP4 School, Argonne

<sig(F)>/ <F>
0.6 1
0.4 1
0.2 /
0.0 -l —
667 333 222 167
Resolution, A
Nevertheless the L-test is
very useful when performed
with right resolution range
(or with several ranges)
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Pseudotranslation

Crystallographic translation

Pseudo-translation IR Pseudotranslation C/2
—- CooL LD
? ? 2 o Lot .
.......... SR (I AR A Planes 2L+1 contain weak
ST reflections
B
.............. | ISR [N R =
® é ® é ®

Limiting case, C' = C/2
e Weak reflections vanish

_ Two times larger
: reciprocal lattice spacing
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Statistics of one intensity are strongly affected by

pseudotranslation

1jjk: Pseudotranslation results in alteration of

. 000 [X| Loggraph 9_truncate_anl.log
strong and weak reflections Fle Apearance Eat Utites b |

4th moment of E (Expected value = 2, Perfect Twin = 1.5)
5 -@-<E™4>

1 IJIIJ 0 " 4 TS ' 3 Il B
Resolution (A)

100.0,2.0
Tables in File

— | Acentric moments of E for k=1,3,4
. Centric moments of E for k=1,3,4
k Cumulative intensity distribution

Truncate style Wilson plot
|
7

Anisotropy analysis (Yorgo Modis)

e et Graphs in Selected Table

T 1st & 3rd moments of E (Expected values = 0.886, 1.329, Perfect twin = 0.9.

) e EesWEesiesies e | 4th moment of E (Expected value = 2, Perfect Twin = 1.5) rJ
4

gt > Acentric moments of E for k=1,3,4

June 19, 2015

> 4th moments of E ...
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L-test and H-test are not affected by pseudotranslation

000 [X| Loggraph 9_truncate_anl.log 000
File Appearance Edit Utilities Help || File Appearance Edit Utilities Help ||

X! Loggraph 9_truncate_anl.log

cumulative distribution function for |L| cumulative distribution function for |H|
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Tables in File Tables in File
Acentric moments of E using Truncate method Acentric moments of E using Truncate method A
Centric moments of E using Truncate method J Centric moments of E using Truncate method J
H test for twinning (operator -1, -k, -h) | H test for twinning (operator -, -k, -h) |
L test for twinning J L test for twinning J
Wilson plot ¥i Wilson plot ¥i

Graphs in Selected Table

Graphs in Selected Table

—
sz [ cumulative distribution function for |L|

> L test for twinning

> cumulative distribution function for |L]|

June 19, 2015
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> H test for twinning (operator ...)
> cumulative distribution function for |H|

APS/CCP4 School, Argonne
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OD-structures

Definition
Example of an OD twin
Demodulation of data

Example of allotwin



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

December 9, 2016 HZB 39



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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X
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L-2-haloacid dehalogenase
from Sulfolobus tokodaii

Rye et al. (2007) Acta Cryst. D67
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Example 1: OD-twin

Indexing in C2

Indexing in C2

December 9, 2016

HZB

l c2

[ c2 |

L-2-haloacid dehalogenase
from Sulfolobus tokodaii

Rye et al. (2007) Acta Cryst. D67

The diffraction images can be indexed
in C2 with two different orientation of
the crystal

Some reflections from two lattices
overlap.
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...... .....
10 20 30 a*,

Twinning by reticular pseudo-merohedry

What to do?

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

e Deconvolute overlapping sport during data processing
e Record total intensity of overlapping spots and deal with it at refinement

December 9, 2016 HZB 43



Intensities of the overlapping reflections

J ’JxL1 A Jx L,

Fourier transform Diffraction pattern Diffraction pattern
of the tetramer of domain 1 of domain 2

Tetramers in different twin domains are in the same orientation

Therefore, if reflections of the two lattices overlap, they have close intensities.
The stronger the overlap, the closer the intensities are.
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Demodulation

Original data: R/ R-free=0.21/0.27

3- [ e
5 ST
2 °
= :
L =y
Eo° g =
P
e o : :
a - A A
(22' Lad ﬁg\ v/\:. _—;/\AAVMI\I\N\,\_A/\J— A'A' /
0 10 20 30 [ 40 50 60 & oo 02 04 u 06 08 1.0

Modulation function

L B

0 10 20 30 h 40 50 60

Modulation

0.16 /0.23

Qg
-

Corrected data: R/ R-free

1.0

M

0 10 20 30 h 40 50 60 0.0 0.2 0.4 u 0.6 0.8 1.0

Sum of intensities
0.5
Patterson function

0.5

0.0
L
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Improvement in the electron density

Visually, improvement occurred only for 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 pyruvate molecule before and after demodulation
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Diagnostics: Patterson Map

Indexed lattice The second lattice

. c o o s —e f : Non-origin peaks in the Patterson map:
,l  contribution from the second lattice
WL SRR e — o * because of the overlapping spots

3D viewers provide more straightforward diagnostics

December 9, 2016 HZB 47



Example 2: allotwin

Crystals of Lon protease — P2 —1

[
b il . ‘ Py i ¢ Resolution 3A | — |
T, VIR : : 1141

i ) ' . : Dauter et al. (2005).
s / . Acta Cryst. D61, 967-975.

48.5 A
86.3 A
138.0 A
92.3°

o e ,;. \"'-_..‘ i.,. 9. '—'C:-('I [ ]
SOEV R OCE . TRl 3 § )
R . T ' : 1

T O T o
I

P2.2.2 a= 86.3A
1717 90.6 A
c=148.0A

(on
"

$8gagppogndt
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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

December 9, 2016

PDB code 1z0t

0.19/0.35

HZB

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 existence of domains
belonging to different space groups.

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

* Merging several fine-sliced images together may help indexing

December 9, 2016 HZB 50



Partially disordered
OD-structures

Visualisation (detection)
Ghost density

Indexing

Effect on structure solution
and refinement



OD-structures

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

In both twins and partially disordered crystals:
* Global periodicity is missing in one or more directions

* There is local 3D periodicity in individual domains

Width of the triangle
denotes mean size
of ordered domains

Single crystals (Single ordered domain)
Twinned crystals (Two or more ordered domains)

Coherence length of X-rays

Partially disordered crystals  (Many ordered domains)
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Example 1: ghost density

A "slice" of the reciprocal space An example from Rafael Ciges, :| :|
dials.rs_mapper + pymol Biomedical Institute of Valencia . !
[ |
[ [
{ ¢ o l P2,2,2
¢ poo ] * Space group P21212 F :hl
: i ¢ =~ ¢ )
' % LI : * Resolution 1.2A
$ é y ¢ 9 ’ 4
§ - § g o * The diffraction images were
RN g ¢ ey processed, and structure was solved
: {4 and reffined.

Later the data were demodulated
and re-refined

ayD>—o
©
- -
© ~ SRS
QPRI o~ =
©
o=~
[ ]

: . Q ¢ e g \ ' . ' ) § . » demodulation procedure was
J . , é b < $ conceptually similar to the one used for
0 R SRR ‘ OD-twin
. TN { ?
c 8 = ¢ ¢ ¢
c R R R-free
Direction in which Original data 0.33 0.34
global periodicity is missing Corrected data 0.25 0.26
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Example 1: Summary

 Partial disorder in OD structures results in ghost density

 Structure can be solved and refined to the extent that general correctness of
the solution (and identity of the crystallised protein) are beyond doubt

* Demodulation procedure removes ghost density and therefore helps with
interpretation of the true density
» Not always badly needed
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Example 2: auto-indexing failure

Fast DP @ DIAMOND

Refinement
R =012 ?
meas Rayst =033 2
Completeness =96% ’
Riee =0.36

CC(1/2)=0.3 at 1.56 A

Molecular Replacement v/

-=-=- Peaks of Rotation Function ===

S — +
| theta phi chi Rf/sigma |
temmmccccccccccccccccccccccccccccccccccnaa- +

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
L +
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File Edit Calculate Draw Measures Validate

Maps

Coot 0.8.7 EL (ccp4)
HID About Extensions Ligand |

=1 @ ResetView [ Display Manager -& 8.,
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Crystal Packing
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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)
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@ Reset View [ Display Manager - 8., | @ Sphere Refine + 2 B
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White “spots” are not indexed; actually, White arrow indicates direction in which

these are tails of diffuse reflections translational symmetry is not global (only
‘ ' within individual domains)

There are also areas with less spots

=




Maps v
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AL *f
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EY

Crystal Packing v

\ Coot 0.8.7 EL (ccp4)

File Edit Calculate Draw Measures Validate HID About Extensions

Ligand

[=2 @ ResetView [ Display Manager -& 8., | @ Sphere Refine + J Backrub Rotamers

(mol. no: 0) N /1/B/185 ASP -X,Y+1/2, )& {000} occ

1.00 bf: 10.57 ele: N po:

=

@ M= [+ & 5+ Qe

Refinement R

0.23
v/ Reee =0.26

cryst



Example 2: Summary

Partial disorder a frequent reason of indexing failure

Diffraction analysis in 3d is a good diagnostic tool for both partial disorder
and for incorrect indexing

Warning: high contrast in MR can be obtained even for wrongly indexed
data provided that the search model is highly similar to the target

Molecular replacement is quite tolerant to partial crystal disorder
» Especially RF
» In the next example this property of RF will be utilised
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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?

December 9, 2016 HZB 68



Example 3: first and last images

Partial disorder was not detected directly from images

first image

L JCN [Users/andrey/1-Shelf/CasesTMP/63_Rui Wu/B8/88_caspase_bottom_1_00001.cbf

.
&F u Image: | B8_caspasel_bottom_1_00001.cbf (1] 4 ’ Jump to image:
Load file Save As. Previous Next

last image

eo0e [Users/andrey/1-Shelf/CasesTMP/63_Rui_Wu/B8/88_caspase1_bottom_1_00600.cbf
'
g u Image: | B8_caspasel_bottom_1_00600.cbf [600) ‘ } Jump to image:
Load file Save As. Previous Next

G ok 3 A | v
Click and drag to pan; middle-click and drag to pot intensity profile, right-click to zoom

Blue arrow — direction of
missing global translation
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front view

ccpa)

File Edit Calculate Draw Measures Validate HID About Extensions Ligand
RRC
8. | @ Sphere Refine + Q Backrub Rotamers ik

) @ Reset View [ Display Manager -

side view

\| Coot 0.8.7 EL (ccpd)

file Edit Calculate Draw Measures Validate HID About Extensions Ligand

[Good evening Andrey. Welcome to Coot 0.8.7

[ @ ResetView [ Display Manager - §. | @ Sphere Refine + Q Backrub Rotamers

[Good evening Andrey. Welcome to Coot 0.8.7
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Example 3: wrong and correct indexing

dials.index datablock.json strong.pickle

dials.refine_bravais settings experiments.json indexed.pickle

volume cb_op

Solution Metric fit rmsd min/max cc #spots lattice unit_cell
5 2.9808 1.922 0.400/0.828 12000 ol 87.66 103.91 117.35 90.00 90.00 90.00 1068882 -c,a+b-c,a-b
4 2.9808 1.873 0.400/0.400 12000 mI 103.84 87.53 117.25 90.00 89.69 90.00 1065729 a+b-c,c,a-b
3 2.9805 1.924 0.425/0.425 12000 ml_ 87.50 103.84 117.17 90.00 90.13 90.00 1064596 -c,-a-b+c,-a+b
2 0.0443 0.341 0.828/0.828 | 12000 89.10 117.66 104.81 90.00 92.98 90.00 1097231 -c,a-b,-a-b+c
1 0.0000 0.343 -/—-1 12000 aP 89.09 89.15 89.05 62.01 62.04 82.57 547871 a,b,c

dials.index datablock.json strong.pickle unit_cell=118,134,139,90,90,90 space_group=C222
dials.refine_bravais_settings experiments.json indexed.pickle

Solution Metric fit rmsd min/max cc #spots lattice unit_cell volume cb_op
5 0.0000 0.067 0.871/0.913 | 12000 Iﬂ! 117.62 133.96 139.16 90.00 90.00 90.00 2192669 a+b,-a+b,c
4 0.0000 0.066 0.913/0.913 | 12000 mC 133.96 117.62 139.14 90.00 90.02 90.00 2192369 a-b,a+b,c
3 0.0000 0.067 0.871/0.871 ] 12000 mC 117.62 133.96 139.16 90.00 90.00 90.00 2192772 a+b,-a+b,c
2 0.0000 0.062 0.912/0.912 | 12000 mP 89.14 139.13 89.09 90.00 97.43 90.00 1095633 -a,-c,-b
1 0.0000 0.060 -/-1 12000 aP 89.14 89.09 139.12 89.98 90.01 97.43 1095521 a,b,c
December 9, 2016 HZB 71



* Yellow spots are indexed, the white ones are not.

* Blue lines indicate crystallographic directions for a given indexing solution:

» they pass nearby yellow spots and avoid white spots

2, C (wrong) 222, C (correct)
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Example 3: MR against PDB (Simbad; happy end)

Despite very clean sample
a minor contaminant has crystallised:

Collaborative (:ompulatlonal Project No. 4

Software for Macromolecular X-Ray Crystallography

Home (Logout) > Login > Programs > SIMBAD > View Results Username: newacc

SIMBAD
UNIVERSITY OF

LIVERPOOL SIMBAD

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 M REFMAC R-Fact
v Scores Vs. Rank (by R-Free)

I REFMAC R-Free

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

R-Fact/R-Free

0O 20 40 60 80 100 120 140 160 180

Rank (by R-Free)

~ Downloads

Do not blame crystal defects for not
finding a solution!

December 9, 2016 HZB

An example of
misinterpreted structure
of a contaminant protein
is described here:

Manfred S. Weiss, M., S. et al.
(2016). A critical examination
of the recently reported crystal
structures of the human SMN
protein. Hum. Mol. Genet.
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Partially disordered OD-structures: Summary

 Diffraction data from partially disordered OD-structures
- are usually manageable as they are

- in many cases may be adjusted if
» low R-factors are needed :)
» or if the ghost density prevents unambiguous interpretation of maps (usually for ligands)

* Merged data adjustment (also for non-merohedral OD-twins)
- There are several bespoke scripts around
- A general automated software solution is needed

* |deal solution is integration of streaked spots

- maybe implemented as reiteration of diffraction image processing based on
structural information
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Pseudo-translation

* Visualisation
e Effect on indexing

e Pseudo-origin MR solutions



Pseudotranslation

Crystallographic translation

Pseudo-translation Pseudotranslation C/2

—_— SR

? R ;
............................................. i Slanes 2L+1 contain weak
S reflections

Limiting case, C' = C/2
e Weak reflections vanish

_ Two times larger
: reciprocal lattice spacing

December 9, 2016 HZB 76



Example from Victor Lamzin, YSBL-DESY

Space group 222 C 74.9 122.8 125.0

Pseudo-symmetry space group 222 / 37.5 61.4 125.0

Coot 0.8.7 EL (ccp4) Coot 0.8.7 EL (ccp4)
File Edit Calculate Draw Measures Validate HID About Extensions Ligand | File Edit Calculate Draw Measures Validate HID About Extensions Ligand
N R/RC N R/RC
@, Reset View [ Display Manager =& §., | @ Sphere Refine +  Backrub Rotamers it @) Reset View [ Display Manager & 8. | @ Sphere Refine + X Backrub Rotamers /:‘
-, . M2
T S
T T
> »
2 2
2 2
@ ?
Y “y
© -
= =
£ v
+5 +
X X
+ +
L -

Good afternoon Andrey. Welcome to Coot 0.8.7 IGood afternoon Andrey. Welcome to Coot 0.8.7



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

K4 hA a g A e hegabedagpn ,n'»'afltt‘#lf e s -
.AA.,‘,.‘.‘;;‘;“‘,,,.‘,,A 4.,.(.,;;‘.,,-_5?«.....

‘A,..»‘.,,,.,u.‘.,o;‘;:ff/rtff.-p,;;,‘u..r..,.,

!‘—'ftli'i:io_:t;r.
A E K F AT K KN 4 b s

L A

¥ r e v r e

"'-’Aﬁ“‘!'-fr/ilﬂlfl?rvr-y:r’eew~

.,ra;“-;‘llil“!‘ﬂ!l? R AL I

B A A P T I LRt T PRt P
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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




Example: structure solved using SAD; then native structure was solved by MR

Week reflections may confuse indexing programs

* A “sensible” error: weak reflections ignored = pseudo-translation(s) treated
as proper crystallographic translations

- Will not be critical for this example, as an approximate structure can indeed be
determined after processing in smaller cell; the model then can be used in MR
search against native data set

- Sometimes the “cell reduction” is done intentionally to simplify the first steps of
structure solution

* A serious error, e.g. monoclinic with B # 90° instead of orthorhombic
— This will not help with structure determination

Visual control using 3D viewers is important



Pseudotranslation: what else can go wrong?

Cell and H-M symbol P2 (a,b,c)
are the same

Crystallographic and
pseudosymmetry axes
are interchanged

o=

True structure False structure

Molecular Replacement:
- If two structures are globally very similar (e.g. rmsd = 0.5A)
- MR can in some cases pick up a wrong solution

June 19, 2015 APS/CCP4 School, Argonne 81



Pseudotranslation: what else can go wrong?

Cell and H-M symbol
are the same

Crystallographic and
pseudosymmetry axes
are interchanged

Molecular graphics:

structure is shifted
relative to the unit cell

June 19, 2015

True structure

o 45

APS/CCP4 School, Argonne

o=

False structure

{

Dds{
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Four alternative solutions in two space groups

GAF (N-terminal) domain of CodY protein from Bacillus subtilis
Levdikov, V. M. et al. (2006). J Biol Chem 281, 11366-73.

MR solution

True P4322 False P4;22 False P4,22 False P4,22

June 19, 2015 APS/CCP4 School, Argonne 83



CCP4 online

http://www.ccp4.ac.uk/ccpdonline

000 CCP4 online
[ b | > ] [0 http:/ /www.ccp4.ac.uk/ccp4online C] (Q' ccp4 online 0)
1 CCP4 online +

Collaborative Computational Project No. 4
Software for Macromolecular X-Ray

Crystallography

Home

Welcome to CCP4 online wellcometust

Login

Other Options - Register, Forgotten Password, Change Password

Runnable programs

The following programs are available:
MRC

Za n u d a Balbes An automated Molecular Replacement (MR) pipeline - Balbes integrates into one
system all the components necessary for solving a crystal structure by Molecular

Replacement
\ MrBUMP | An automated Molecular Replacement (MR) pipeline - Given a target sequence and

experimental structure factors, it will search for homologous structures, create a set
of suitable search models from the template structures, do molecular replacement, BBSRC
and test the solutions with some rounds of restrained refinement. Qﬁ
Zanuda

biasdence for the future

Space group and crystallographic origin validation

jsPISA Calculation and analysis of macromolecular surfaces and interfaces

Zanuda is also included in CCP4 program suite

June 19, 2015 APS/CCP4 School, Argonne 84



Pseudo-translation: Summary

* A good reason to visually control indexing is to make sure that pseudo-
translation

- is not overlooked

- is not an artefact
» Patterson map: non-origin peak almost as high as origin one (e.g. 95%)

* Pseudo-translation may result in pseudo-origin MR solutions
This issue has to be addressed not before

- the structure seems to almost match ED maps
- R-free is well below 0.5, around 0.4

* Not discussed: pseudo-translation makes twinning tests difficult to analyse
- L- and H-tests usually perform as normal
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