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. PHASING EXPLOITING ANOMALOUS SCATTERING

1. Introduce a small number of anomalously scattering_atoms
into crystals

2.Collect both F* and F- at one (or more) wavelength(s). If
more than one wavelength make sure these are chosen
using absorption edge scan.

3. Derive anomalous and (if more than one wavelength)
dispersive differences.

4. Use anomalous and/or dispersive differences to locate
anomalously scattering atoms

5. Use these positions to initiate phase calculations
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. COLLECTING BOTH F(+) AND F(-) (AFTER DAUTER, Z. METHODS IN ENZYMOLOGY, 276)

Crystal System  Laue Group Total Oscillation required for
Standard data Anomalous data
collection collection
Triclinic -1 180° 360°
Monoclinic 2/m 180° (b*), 90° (a*,c*) 180° (a*,b*,c*)
Orthorhombic mmm 90°(a*, b* 90°(a*,b*,c*)
Tetragonal 4/m 90°(a*, b*,c*) 90°(c*), 180 °(a*, b*)
4/mmm 45°(c*), 90° (a*, b*) 45°(c*), 90°(a*,b*)
Trigonal 3/m 60°(c*), 90°(a*,b* 120°(c*), 180°(a*, b*)
-31m 30%(c*), 90°(a*,b*) 60°(c*), 180°(a*, b*)
-3ml 30°(c*), 90°(a*,b*) 30°(c*), 180°(a*, b*)
Hexagonal 6/m 60°(c*), 90°(a*,b*) 60°(c*), 180°(a*, b*)
6/mmm 30°(c*), 90°(a*,b*) 60°(c*), 90°(a*, b*)
Cubic 23 ~60° ~70°
432 ~35° ~45°
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. (S)MAD: GOOD & BAD

1. No ‘native’ crystal — no problems with isomorphism when
using heavy atom derivatives

2. Selenomethionine can be introduced into many protein
sequences and can be used as a “magic bullet”

3. The ‘method of choice’ for de novo structure solution in
macromolecular crystallography

4.Signals are small in comparison to those from
isomorphous replacement — data have to be good!

5.1n MAD have to collect a lot of data from one crystal —
radiation damage is a problem
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. (S)MAD INTENSITY DIFFERENCES ARE MUCH SMALLER THAN FOR IR

1 N, fi — fﬂ | max K absorption edges: f’ ~4e ; can
- ’ rise to 6-7e- with ‘white line’. Af’
2 < | F T |> usually has a maximum around 7e" ;
can rise to ~10e- if far from edge.

' Dispersive ~

L absorption edges: f” usually has a
maximum around 12e¢7; can rise to
~30e" with ‘white line’. Af” usually
has a maximum around 13e-; can rise
to > 20e- if far from edge

(J. Smith, Curr. Opin. Struct. Biol. 1, 1991)

For comparison, Hghas Z =78 e".

In comparison to signals available in IR, AD signals are small
This knowledge must inform all decisions when collecting data for AD experiments

Need to: MAXIMISE SIGNAL and/or REDUCE ERRORS
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. EXPECTED ANOMALOUS SIGNAL
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(J. Smith, Curr: Opin. Struct. Biol. 1, 1991)
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. MAXIMUM SIGNAL: EXPERIMENT DIFFERS FROM THEORY. DON’T RELY ON
TABLES

Cu K-edge in blue copper protein
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JM Guss, EA Merritt, RP Phizackerley, B Hedman, M
Murata, KO Hodgson, & HC Freeman (1989). "Phase
determination by multiple-wavelength X-ray diffraction: crystal

structure of a basic blue copper protein from cucumbers”.
Science 241, 806-811.

We’'re not dealing with free atoms. Interaction of anomalous scatterer with other atoms causes
deviation from ideality, as do changes in oxidation state. So, we MUST measure absorption edge
experimentally if we want to be sure to obtain maximum ‘signal’
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. RADIATION DAMAGE IS (USUALLY) OUR ENEMY

Global radiation damage
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Ravelli & McSweeney (2000). The ‘fingerprint’ that X-rays can leave on structures. Structure, 8, 315-328;
https://doi.org/10.1016/S0969-2126(00)00109-X
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. DATA COLLECTION STRATEGIES AND DATA QUALITY PREDICTIONS

user’s choice

Resolution
Flux Attenuation - 1.0000
= Nl Phi_start| N.of isages| Rot.width| Exposure|Distance| Overlapl
absorbed 1 s 267 138 015 232.4 Yo
dose Resolution limit 2.20 Angstrom
Anomalous Yos
Phi_start - Phi_finish 0.00 - 360.45
Total rotation range 360.45 degree
Total N.of images 67
Overal Completeness 97.3%
Redundancy
R-factor (outer shell) 3.1% ( 27.10)
I/Sigaa (outer shell) 258 ( 2.8
Total Exposure tise 50.4 sec (0.014 hour)
Total Data Collection time : 717.9 sec (0.199 hour)
Indexing Data collection statistics accerding to the plen
Resolution Campl hverage I/Signa R-fact Ranon Overload
lover Upper %  Intensity Signa % % %
1200 6.08 100.0 25535.6 S05.1 S0.6 1.6 1.4 0.00
8.08 650 1000 14347.6 294.9 487 1.6 15  0.00
DNA/EDNA 6.50 559 1000 102535 2211 46.4 1.7 L5 0.00
tegrati 5.59 4.98  93.2 12453.9 264.6 47.1 1.7 1.5 0.00
Integration @5 453 s Tae a1 42 17 15 oo
453 48 .0 1859001 3235 462 17 15 000
428 3091 100l0 1258908 2715 464 1.8 15 0.00
3051 368 10000 1087001 2420 445 1.9 16 0.00
368 345 991 81745 2035 402 2.1 18 0.00
345 3032 sela  eeas.2 1802 365 2.3 19 0.00
332 3118 %62 50169 1611 311 2.8 2.3 0.00
318 3005 97,4 36937 1445 256 3.3 2.8 0.00
3005 2094 971 28338 1373 206 41 35 0.00
Strategy 2054 2084 9.5 232308 1325 175 47 41 0.00
2084 2075 984 176909 1319 134 6.2 53 0.00
2075 2067 97,5 143§ 1305 110 7.6 6.5  0.00
2067 2189 957 12774 1314 97 85 7.3 000
2059 2052 %8 lo42l8 1350 75 110 9.5 0.00
2052 246 S7.1  e7el7 1360 65 127 1Ll 0.00
2046 240 %40 7861 lal6  S.6 167 129 0.00
s : 240 234 w2 7022 17 48 17.0 150 000
Optimized plan for data collection P30 53 ses s o 41 3o s oo
P N it 229 2124 951 sa9l7 1572 35 2206 2005 0.00
Predicted data quality statistics P30 230 w7 4o 185 30 a4 a3 000
Alldata 973 45328 1757 258 3.1 28 0.0

R = Zow | Tinr— < Lo > / B < Lo >
R =Zw|[< [ > =< I >/ T < Lo >+ < 1->)

Bourenkov, G.P. & Popov, A.N. (2010). Optimization of data collection
taking radiation damage into account. Acta Cryst. D66, 409-419.
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Scatter plot of predicted
resolutions for data collections
against the resolutions
determined by autoprocessing for
all crystals processed so far on
ESRF MASSIF-1

Resolution determined from data set (A)

0 1 2 3 4 5 6 7 8
Predicted resolution (A)

Svensson et al. (2018). Acta Cryst D74, 433—-4.
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. STRONG ANOMALOUS SIGNAL

» The Random Orientation ‘Technique’— Crystal is mounted
in a random orientation with respect to the X-ray beam
and goniometer axes. Data are then collected in one
contiguous oscillation range such that complete and
high multiplicity anomalous data are obtained.

+ The rotation range required can be obtained using various
data collection strategy programs (i.e. EDNA/BEST).

» Takes no real account of factors that can adversely affect
intensities (absorption, different detector position for
diffraction spots)
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. SMALLER ANOMALOUS SIGNAL
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The Inverse-beam Method — Crystal mounted in a random orientation.
Data are collected in one contiguous oscillation range (from ¢ = X° to
¢ = Y°) such that data is as complete as possible for a ‘standard’ data
collection. The Freidel mates of these reflections are then collected by
inverting the orientation of the crystal and collecting the equivalent
data (i.e. by collecting from ¢$=180+X° to $=180+Y°). Can also collect
in smaller wedges.

Freidel pairs are measured with the same path-length through
crystal (absorption).

Freidel pairs are collected close together in time (if we use small
wedges).

Freidel pairs measured with the same multiplicity
For MAD experiments, best to interleave collection of wedges

Complicated to set up manually if using small wedges

. SMALL ANOMALOUS SIGNAL

Page 14

‘Set-Crystal’ Method — The crystal is mounted such that the
principle rotation axis of the crystal point group is parallel to
the spindle axis of the goniometer. If this rotation axis is
even-fold (i.e. 2, 4, 6) then:

Bijvoet mates are collected on the same oscillation image.
Bijvoet mates are collected after same total exposure time.
Bijvoet mates suffer from ‘same’ absorption and radiation damage.

‘Complicated’ to align crystal in the desired manner
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. USING KAPPA GONIOMETERS

¢ Adxv - Imntdirecti_data_id23eh1_inhouse/sandor/test-09102004/thau_3_004... [C |[E1][]

¢ Adxv - mntdirecti_data_id23eh1_inhouse/sandor/test-09102004/thau_1_001... [= |[E][]
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. A ‘PROBLEM’ WITH SET CRYSTAL METHOD

leGion ~_ Ewald Sphere

gl The ‘Blind’ Region:
Shaded region will never pass
through Ewald Sphere. Need
to collect data in a second
orientation to ensure data is

properly complete.

Size of blind region: 24>

min

S

- bothction Ayis
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HOW DO WE KNOW THAT OUR PHASING EXPERIMENT HAS WORKED?

Electron density map is the best metric
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AFTER DATA PROCESSING - ARE THE DATA GOOD?
N 1/d*2 Dmin{i{ Rmrg| Rfull Rcum  Ranom Nanom hv T SIGML I/sigma =d Mn({I/sd) Nweas HNref Ncent FRCEILS HNbias
§5
1 0.0250 6.32 0.018 0.023 0.065 1368 3534 i65.0 z1i.0 158 51.9 10544 1696 334 -0.003 4164
2z 0.0500 4.47 0.021 0.025 0.058 2693 3951 185.1 z1.4 181 47.7 18062 3044 400 -0.004 6373
‘ 3 0.0750 3.65 0.023 0.027 0.051 3545 5140 z69.1 18.1 z63 46.0 z4z52 3950 42z -0.005 2294
4 0.1000 3.16 0.023 0.027 0.053 43z0 3845 183.5 18.8 z0z 43.39 z9460 4742 463 -0.001 11352
5 0.1250 2.83 0.024 0.028 0.063 4930 z3z8 11t.6 z0.8 127 41.1 33306 5365 455 0.002 123923
6 0.1500 2.58 0.028 0.028 0.072 5515 1654 89.3 18.5 85 38.5 37261 5371 454 0.005 14544
7 0.1750 2.38 0.031 0.028 0.072 6015 1384 77.1 17.8 &4 35.4 40623 6472 495 0.002 15866
8 0.2000 2.24 0.033 0.030 0.072 6481 1z41 7z.3 17.z2 78 33.5 43624 6334 435 0.006 17073
8 0.2250 2.11 0.038 0.031 0.075 6852 1088 71.5 15.3 73 31.8 46195 7304 457 0.003 15080
10 0.2500 2.00 0.046 0.033 0.080 7265 855 66.1 1z.9 61 z8.2 43015 7708 454 0.006 139251
Ry = 2 2, [ 1 (WKL )= < T(hkL) >/ 2.2, 1, (hKl)
o, =U,—<I,>/0c°(1,);:Slope =1; Intercept =0
Normal probability plot
4 // Normal probability analysis, by run & partiality
l Run number: 1, fulls =
3 Nunber Slope Intercept
All data: 182820 1.013 0.048
2 Data within expected delta 0.90: 115520 0.941 0.058
e 1 Run number: 1, summed partials
3 u Slope Intercept
£ AL data: 150200 1.024  -0.024
go T Data within expected delta 0.00; 4013  0.884  0.013
d
5t 4 « summed partials
Run number: 1, fulls against fulls only
iunber Slope Intercept
-2 All data: 158207 1.003 0.012
Data within expected delta 0.90: 99967 0.932 0.021
3 /
s //
-4 -3 2 -1 0 1 2 3
S(expected)
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BUT, ‘SUCCESS’ INDICATORS FOR EXPERIMENTAL PHASING PROTOCOLS ARE AVAILABLE

AT ALL STAGES OF THE EXPERIMENT
« Before arriving at beamline
If possible, check that heavy atom is bound
What is the expected anomalous signal?
» Before data collection
Experimentally measure absorption edge
What will the data quality be?

After data integration and scaling

What is the real data quality?

Is there any anomalous signal in the data?

How far (to what resolution) does the anomalous signal extend?
Are more data needed to try to improve things?

Substructure determination

o Correct/reasonable number of heavy atom sites
o Correlation coefficients

Phasing

o One hand significantly better than the other?
o What does ‘best’ electron density map look like?
o Does auto-building work?
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AFTER DATA PROCESSING - IS THERE ANY ‘SIGNAL’ IN THE DATA?
N i/d*z Dmin{A[ Forg| Rfull Roum Wanom iv_I SIGMA I/sigma sd Mn(I/=d) Nmeas Nref MNcent FRCEILS HNhias
§4
1 0.0z250 6.32 0.01% 0.023 1368 3534 168.0 21.0 158 51.9 10844 1696 334 4164
z 0.0500 4.47 0.0z21 0.025 2693 3851 185.1 21.4 181 47.7 18062 3044 400 6373
‘ 3 0.0750 3.65 0.023 0.027 3545 5140 269.1 18.1 263 46.0 24252 39380 422 8294
4 0.1000 3.16 0.023 0.027 4320 3845 183.5 18.9 202 43.8 28460 474z 463 11352
5 0.1z50 Z2.83 0.024 0.025 48930 2328 111.6 20.9 127 41.1 33306 5365 455 12829
6 0.1500 .58 0.028 0.0259 5515 1654 88.3 18.5 85 38.5 37261 5971 454 14544
7 0.1750 Zz.38 0.031 0.0259 6015 1384 77.1 17.9 54 35.4 40623 6472 495 15566
8 0.z000 2.2z4 0.033 0.030 6481 1241 7z.3 17.2 78 33.5 43624 6954 4395 17079
9 0.zz50 z.11 0.038 0.031 6852 1088 71.5 15.3 73 31.9 461938 7304 457 18090
10 0.2500 Z.00 0.046 0.033 7265 855 66.1 12.8 61 z9.2 42015 7708 454 19251
rose = S %, | 1 (hkD) = < I(hkl) >| /33,1, (hkl)
+ - + -
=3 |I*(hkl)—1 (hkl)| /2, | 1" (hkl)+ 1 (hkl)|/2
anom Ikl Ikl
Ranom > Rmerge .
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. AFTER DATA PROCESSING - IS THERE ANY ‘SIGNAL’ IN THE DATA?

The presence of anomalous signal can be deduced from a normal probability plot of the
normalized measured anomalous differences.

The slope of the central region of this plot will be > 1 if the anomalous differences are larger
than expected from their standard deviations (i.e. if there is significant measured anomalous

signal)
i 5, =(I' -1 [o*(I" )+ ()]

Anomalous differences

T

Normal probability analysis of anomalous differences

3 ====== Anomalous differences ======

g 0 Number Slope Intercept
£ All data: 48088  4.06L  0.041
5 Data within expected delta 0.00: 30054  3.724  0.043

™~

-4

E 1
4 3 2 a0 1 2
S(expected)

(Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86; Evans, P. (2006). Acta Cryst. D62, 72-82.)
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. MAD DATA SETS

)

- f peak > ﬁemote > jfedge

-a
-6

4
2

')

-8

e ez EED 56 T 15 Tio2
Energy ikeV)

Correlation socficicat

Slope,,,, > Slope,,,,, > Slope

remote edge <"

CCanom (PK/ip)
CCanom (PK/rm)

CCanom (ip/rm)

Evans, P. (2006). Acta Cryst. D62, 72-82
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NORMAL PROBABILITY PLOTS AND ISOMORPHOUS REPLACEMENT

S=(F, |-IF,DNc*(|F,, |+c*(IF, )
Slope >> 1; Intercept ~ 0

Table 3. 4 comparison of three heavy-atom derivatives with

(e native data for macromomycin as a function of resolution
20 i SIF, - FI/TF,
200 et sares Sigh o 31 defned s el = e % IERBEtod) 1
| e . urenibs st e lopt and T of
600 e i e aled o thowe s wih
omcpted < 0674 (30% of e daay
500
Recluion  Nember of
00 W G e S Toerems
300 W KPNO,
s W oms  mmEee 4w
200 el W0 e oy
&5 s Boow mode aadn
| 104 W o sasgsen 31059
S50 =20 Svo om (expected)] e} vy 0m  mumig 150
TR ] W om  mkoie wemw
-100 : o W o  ongmn 26080
- b 5 om nmols 460w
e ~200
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-300 s o6 maws  1Ha
| 105 Do o nawe onem
400 10-5¢ 12 0146 1103(1066) 107 (099)
7 104 Wooons  0m e 0@
-500 o3 op ol S G om0
500 o3 W e e ke 020
1 £ W o e am onw
“100 =) @ bm e G oo
- 0 (NHIeC
/ 0o i o ® we sm e enos
%00 s Do o w4 o om0
B e e i el W ons s @0 om0
o4 W o ce G o029
Fig. 4. Plot of dnreal) versus omexpected) for native macro- i+l LA
momycin data and three heavy-atom derivatives; x is ] WR o 0m s Gen  oosoug
= S G i e anon
K;PUNO,),; M is HgCly; & is (NH,),IrCl, 5 159 03 43 (419 007008

Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

What is the correlation coefficient between anomalous differences in two
half data sets chosen at random? What do scatter plots look like?

N 1/resol2 dmax CC_cen  N_cen RCR_anon! N_cen CC_Imean N_Imean /
58

s /

1 0.0250 6.32 187 0.999 1558 /

2 0.0500 4.47 215 0.999 2869 A

3 0.0750 3.65 312 0.998 3809 /

4 0.1000 3.16 336 0.999 4571

5 0.1250 2.83 364 0.099 5225 no

6 0.1500 2.58 378 0.999 5863

7 01750 2.39 384 0,008 6374 anomalous
8 0.2000 2.24 373 0.008 6823 X

9 0.2250 2.11 379 0.998 7186 s|gna|
10 0.2500 2.00 383 0.097 7606

Strong
anomalous
signal
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. A PROCESSING - SUMMARY

Summary data for Project: Unspecified Crystal: Unspecified Dataset: Unspecified

Overall InnerShell OuterShell

Low resolution limit 39.81 39.81
High resolution limit 2.00 6.32 2.00
Rmerge 0.033 0.023 0.054
Rmerge in top intensity bin 0.025 - -
Rmeas (within I+/I-) 0.039 0.027 0.065
Rmeas (all I+ & I-) 0.075 0.073 0.103
Rpim (within I+/I-) 0.021 0.015 0.035
Rpim (all I+ & I-) 0.030 0.028 0.040
Fractional partial bias 0.000 -0.003 0.0086
Total number of observations 335117 10954 49295
Total number unique 53920 1724 7768
Mean((I)/sd(I)) 35.6 54.3 24.7
Completeness 98.1 93.4 97.8
Multiplicity 6.2 6.4 6.3
Tteness B 5

omalous multiplicity 3.2 3.6 3.3
Delfﬂﬁn TOTTetationt half_set 0 833 0B -
Mid-Slope of Anom Normal Probability 3.724 - -

FAE; AF/F ~5.4%; % = 0.97 A (S.G. = P2,2,2,; 160° data)
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AFTER DATA PROCESSING - SUBSTRUCTURE DETERMINATION, PHASE CALCU
AND ELECTRON DENSITY MAPS

hKl2map Version 02 - SHELXC statistics

- Self-Anomatous CC vs. Resolution - - <d*/sig> vs. Resotution -
Self-Anomalous CC
1

00

SAD
%0
80

Resolution [A]

Iy :9
CCall : 58.10

00 + Peak Number 00 + Cyele

8

Page 26 | CCP4-DLS Workshop December 2018 | Has Experimental Phasing Worked ? | Gordon Leonard

05/12/2018

13



A slightly less clear-cut example....
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?
N /¢'2 Dnin(af Rocg |30l Beae [Raucn| Newm v D SIGMA Lisigna sd Wn(Za) eas Draf Neemt FRCBIAS Hadss
i
10008 G2 (0.0 005 CO8[0.M8| 337 9965 o9 107 2m9 300 2481 @ 0 -0.05 908
20215 €80 0,099 | 0024 C.06 [0.054| 665 19E35 60 124 1699 201 40T 666 0 0.0 16
3034 555 (0,069 |0.047 C.05L[002| 881 D85 275 B2 107 222 eE 3 0 00 263
403420 481 [0.060 |0.065 [.05¢[0.J€D| 1013 143 530 8.4 1366 237 e L8 0
SO0 400 (0,05 0070 C034[0080| 18 061 9 I0E IENB 256 B4 LB O
€0.0649 399 (D066 0069 C.037|0.0% | 132 760 9T 8 ler 244 B4 L 0
TO.NS L6 (0000|006 [0 (00| 185 M2 02 83 M7 26 1018 L8 0
00665 3.40 0,072 |0.080 C05[0.J0| M88  LeSed 81 84 13 203 10868 1485 0
SO 3.2L(0.0% (0005 COST[0I7| 1600 BEET 06 T2 ICH 183 1887 159 0
1C 0.1C82 3.04 |0.03¢ |0.069 C.055|0.366| 1684 5516 925 5.4 E40 15.3 12531 1662 0
101180 2.90 0.065 C.OST[0OB| 1M W0 7 RE T3 W1 lueE 1 0
120,128 2.7 0.43 CLOM[0| 1834 32 WT AL 00 1L3 W% 136 0
1308405 2.87 0.169 C.O73[0.068| 1880 281 WS A5 6l 83 0 3@ 0
¥ 2.8 0.204 L.OTS[0C3| 1992 2397 B4 RE €0 T3 lmes E 0
180162 2.8 0.515 C.O75[0.114| 1983 2189 M3 53 S8 64 0E 3% 0
1€ 0I%EL 2.4 0.351 C.O%6[0.13:] 1988 1861 HMS LE L OS6 e 20 0
170159 233 0.5 O [0E7| 24 ME9 BT OLE S8 47 msi us o o0
10,1547 2.27 0.435 C.OT3[00%0| 2:5 191 M2 %1 IS 43 e 8 0
1502055 2.21 0.7 C.08)[0.208| 2203 1208 485 E €8 37 EE 23 0
00206 205 0.567 C.082[0.247] 2391 A% S8 L1 e 32 MW@ 8 0
#
e = s | LKD)~ < I(hkl) >| /22,1, (hk])
R, =%, | I (hkl)~ I (hkT) | /Z,,, | I" (uki) + I (hkl)| /2
Ranom > Rmerge 7/ Hmmmm.........
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\TA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

Normal probability plot - anomalous differences

Anomalous differences

8
Normal probebility analysis of anomalods differences
2
Inomeleus differences i ,/
Huber 3.ope [Intercept
Al data: 31557 1549 | -0.000 0

S(observed)

Data within expected delta 0.9: 19947 1,351 -0.045

10 1
S(expected)

(Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86; Evans, P. (2006). Acta Cryst. D62, 72-82.)
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

N z/resal? diex
5

2.0108 9.€2
2.0216 6.E0
2.0324 5.55
1063 4EL
2021 430
10648 3,63
2.0757 163
2.0365 3.40
200 L
R b A N
J.1180
1.1298
1.1406
1.1514
11622 .48
217 240
pRER AN
RREL A
182235 b

What is the correlation coefficient between anomalous differences in two
half data sets chosen at random? Where is the point that CC,,,,,, drops

below 30%?

0026 L

o anon| Wanm OCcen ¥ emn 3R enor ¥ aum
0.7 - 0oLET g
0.697 - 02385 6
0.511 - 0oL e
0.578 - 0 oLHE 9
0.464 - 0oLl 10%
0.1 - 0 LET E
0.6 - 0 oLdf N
0.404 - 0 LEg HH
0.430 - 0oLE0 155
0.428 - 0 oLE 1
0.17% - 0oLl 1
0.517 - 0oL 1m
0224 - 0oL e
0.225 - 0 L2818
0.235 - 0oL IR
0.193 - 0oLl
0135 - 0 LME 19
0221 - 0oLyl
0.0m - 0oLl 0w
0.098 - 0oLy 16

BB e2n

DelAnom scater plot
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Strong
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA (XDS)?

SUBSET 0.
RESOLUTT
LIMIT

F INTENSITY DATA
ON NUMBER OF
OBSERVED UNI{

2351
4854
6028
6924
7948
8783
9501
10579
11467
12284
12761
13405

170599 58
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Sighno

-445
.333
134
.023
.003

e O N RN W D0 B0

Hooo

023
162
019
917
307
200
086
935
868
77
597

921
851
840
569

Nano

302
646
808
933
1062
1183
1274
1408
1512
1612
1661
1745

1669
1643
172
1710
1677
1725
1057
27156
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Bovine Trypsin; S-SAD; S.G. = P2,2,2,; 360° data; A = 1.77A (7.0 keV)

(AF/F ~1.4%)

Page 33 | CCP4-DLS Workshop December 2018 | Has Experimental Phasing Worked ? | Gordon Leonard The European Synchrotron | EX
AFTER DATA PROCESSING - ARE THE DATA GOOD?
N 1/d°2 Dmin({A) Borg| Rfull Rcum Ranom Nanon Av_ I SIGMA Ifsigma sd Mo{Ifsd) Nmeas Nref Ncent FRGBIAS Nbias
i
1 0.0250 6.32 0.028 0.028 0.020 446 1582 76 20.7 64 74.2 8681 684 238 = 1}
2 0.05001 4.47 0.028 0.028 0.015 923 1850 92 20.2 76 76.4 16192 1167 244 0
3 0.0751 3.65 0.029 0.029 0.014 1211 2088 116 19.7 96 72.5 19596 1446 234 - 0
4 0.1002 3.16 0.036 0.031 0.014 1442 1532 87 17.5 74 62.4 23354 1675 229 = 1}
5 0.1252 2.83 0.048 0.033 0.018 1675 852 60 14.3 55 47.4 26943 1906 229 = 1}
6 0.1503 2.58 0.069 0.037 0.023 1824 515 47 10.9 49 34.1 29266 2053 224 - 1}
7 0.1753 2.39 0.090 0.041 0.029 1989 424 50 8.6 53 26.9 31619 2211 220 = 1]
8 0.2003 2.23 0.127 0.046 0.039 2131 329 54 6.1 58 19.9 33541 2352 220 1}
9 0.2254 2.11 0.200 0.053 0.057 2248 245 63 3.9 66 13.6 35181 2457 208 = 0
10 D.2504 2.00 0.378 0.062 0.109 2337 156 7% 21 79 7.5 36106 2541 211 - 0
R, e =22, [ 1, (kD)= < I(hkD) >| /22, 1, (hkl)
Normal probability plot
seala satistis for XDS processed data
4
3
: Nommal probability analysis, by run & partiality
51 = Rm nwber: 1, fulls ======
o data: H0AD .95 0ohs
% [- o] Data within expected delta 0.90: 164531  0.981  0.023
L
r
3 2 a_ o0 1 2 3
Sexpected)
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AFTER DATA PROCESSING — ANY SIGNAL?

N 1/d*2 Dmin(A) Bwrg Av_I SIGHA I/sigma 5d Mo{I/sd) MNmeas Nref Ncent FRCBIAS Nbias

35
1 0.0250 6.32 1582 76 20.7 64 74.2 8681 684 238 - 0
2 0.0501 4.47 1850 92 20.2 76 76.4 16192 1167 244 = 1}
3 0.0751 3.65 2288 116 19.7 96 72.% 19596 1446 234 = 1]
4 0.1002 3.16 1532 87 17.5 74 62.4 23354 1675 229 = 0
5 0.1252 2.83 852 60 14.3 55 d7.4 26943 1906 229 - 0
6 0.1503 2.58 15 47 10.9 49 34.1 29266 2053 224 = 1}
7 0.1753 2.39 424 50 8.6 53 26.9 31619 2211 220 = 1}
8 0.2003 2.23 329 54 6.1 58 19.9 33541 2352 220 - 0
9 0.2254 2.11 245 63 3.9 66 13.6 35181 2457 208 = 1}
10 D.2504 2.00 156 7% 21 79 75 36106 2541 211 = 1}

R, =52, | L(hkI)~ < I(hk]) >| /Z.5,,1, (hkT)

Ry, =X, | I (hkD) =1 (WKI)| /3, | 1" (kD) + 1 (kD) | /2

R, =X,[1/(N- D%, | 1,(hkl)— < I(hkl)>| /22,1, (hk)

Rananm  Rpim s}; 1/resol*2 dmax CC_anom| N_anmom CC_cen N_cen RCR anowm N_anow RCR cen N_cen CC_Imean N_Imean
0.020 0.011 1 0.0250 6.32| D0.653 442 -0.139 230 2.187 442  0.863 230 1.000 683
0.015 0.011 2 0.0501 4.47 | 0.566 912  0.014 232 1.898 912  1.009 232 1.000 1167
0.014 0.012 3 0.0751 3.65| 0.333 1193  0.009 224  1.413 1199 1.010 224  0.999 1442
0.014 0.014 4 0.1002 3.16| D0.168 1420 -0.028 211  1.185 1420 0.972 211  0.999 1671
0.018 0.019 5 0.1252 2.83 | 0.278 1653  0.065 217 1.331 1653 1.073 217  0.999 1903
0.023 0.027 6 0.1503 2.58| 0.213 1809 -0.005 216 1.242 1809 0.995 216 0.999 2047
0.029 0.035 7 0.1753 2.39| 0.172 1972  0.049 212 1.190 1972 1.044 212  0.998 2208
0.039 0.050 8 0.2003 2.23| 0.107 2121 -0.046 214 1.115 2121  0.951 214 0.99% 2351
0.057 0.078 9 0.2254 2.11| 0.049 2232 -0.056 195 1.051 2232  0.952 195 0.992 2454
0.109 0.149 10 0.2504 2.00| 0.064 2311 -0.043 209 1.066 2311 0.960 209 0.975 2534
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DATA?

Anomalous differences
scala statistics for XDS processed data

; /
/ DelAnom scatter plot
/ scala statistics for XDS processed data

: 2

s 6 4 2 0o 2 4 6 s 1
ormal probability analysis of anamalous differences
or Slope Intercept
a: 16226 1.418 -0.039
Data within expected delta 0.90: 10252 1.238 -0.037
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. AFTER DATA PROCESSING — SHELXC/SHELXD/SHELXE OUTPUT

hkizmap Version 0.2 - SHELXC satistics

hd hki2map Version 0.2 - SHELXC statistics.
Fie Display_Appearance

- Self-Anomalous CC vs. Resolution - - <d"isig> vs. Resolution -

|

(]
g

Cycle
20
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. MULTI-CRYSTAL DATA COLLECTION

* Generate high multiplicity data sets by merging data collected from several crystals
* Increase effective absorbed dose that can be used during an experiment
» But there are pitfalls.....

10
el T
! 1
as 1 i
1 i
! 1
I ! 1
— — o ) 1 i
s : :
E 1 1
® 7N\ & . I
% :{\:\ o 1 |
% w’f : :
i e 02 1 I
B otk Y ety i i
A e i :
sl e 1 1
e e R
g JOURNAL OF Santoni et al.
=4 APPLIED
E CRYSTALLOGRAPHY Volume 50 | Part 6 | December 2017 | Pages 1844-1851 | 10.1107/S1600576717015229
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ANOTHER EXAMPLE OF ‘TOO MUCH DATA’

= e
@

PN

Completeness (%)

Zander et al.

STRUCTURAL
BlOLOGY Volume 71 | Part 11 | November 2015 | Pages 23282343 | 10.1107/S1399004715017927
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RADIATION DAMAGE INDUCED PHASING

Specific radiation damage

Global radiation damage

@ 10 60.0
50.0
a3 s 1 Loss of diffracting power
= £ 4004
§ o064 = 1
] - D 300 ge-es"e
& galt~ - $
2 [oanmnais uw™™ § 2004
0.2 3ot = 0o~ "/‘/’\
ot 0.04- < T ——
13 5 7 9 11 13 15 17 1 3 5 7 9 11 13 15 17
Data set# Data set#
© 102 @ g40-
; % ool
3 » 2
0304
< Non-isomorphism = i on-isomorphism
2 o MNoisomrptiam £ **1 Nonisomorpi
% i
§ 1.01 s = 0209
H o E
2 ;’ g om—l* )/
] P P
D L - -
< 1004 et = 000 3T
3 56 7 9 11 1315 17 1 3 5 7 8 11 13 15 17
Data set# Data set#

Ravelli & McSweeney (2000). The ‘fingerprint that X-rays can leave on =

structures. Structure, 8, 315-328; https:/doi.org/10.1016/S0969- Ravelli at al., (2003). Specific Radiation Damage Can Be Used to

2126(00)00109-X Solve Macromolecular Crystal Structures. Structure, 11, 217
https://doi.org/10.1016/S0969-2126(03)00006-6
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Thanks for your attention
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