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Some |ntereSting Statistics European Synchrotron Radiation Facility

2007 2008
Beamline Datasets PDB Depositions Depositions/Dataset Datasets PDB Depositions Depositions/Dataset
ID14-1 2027 107 19 2268 131 17
ID14-2 1648 131 13 1677 142 12
ID14-4 1401 133 11 3275 80 41
ID23-1 4391 94 47 4476 129 35
1D23-2 2442 45 54 2264 33 69
D29 3635 117 31 3554 138 26

2008 (Excluding Industry)

Beamline Datasets PDB Depositions Depositions/Dataset
ID14-1 2179 131 17
1D14-2 1576 142 11
1D14-4 2510 80 31
1D23-1 2628 129 20
1D23-2 1924 33 58
1D29 2574 138 19

Average BL requires ~50 data sets to produce 1 PDB deposit (Holton, 2005; Minor 2006, 2008)
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So, tunable beamlines are > twice as ‘inefficient’
European Synchrotron Radiation Facility

as fixed wavelength beamlines. Why?

(More) experimental phasing on tunable beamlines
* Lots of ‘derivatives’ are not derivatives

« If no back soaking, then will always see an absorption edge, peak in XFE
spectrum.

» Need to check that heavy atom is bound (how?) before collecting more
than one data set

Many users less experienced/confident when faced with experimental phasing
« Don't always use best crystals first — frightened of radiation damage (?)

 Rarely solve structure on beamline, so to make sure collect multiple data
sets

* Not always aware of:
» Best experiment to do (MAD vs. SAD vs. IR)
« Indicators ‘showing’ that structure is solved
 Tools to rapidly (i.e. in minutes) indicate whether structure is solved
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Summary European Sunchrotron Radiation Facility

ESRF

» There are plenty of rapidly available
indicators as to whether data are good enough
for experimental phasing. The best one is to
actually solve the structure!

* Process/analyse data as you go along and
take your structure home with you.

* Repeat experiments if you have to - but only___if
you have to.

» Once you have left the beamline, its too late.
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‘Success’ indicators are available at all stages of the
European Synchrotron Radiation Facility

experiment

« Before arriving at beamline
* What is the expected anomalous signal?
« If possible, check that heavy atom is bound
- Before data collection
* What will the data quality be?
After data integration and scaling
* What s 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
« Correct/reasonable number of heavy atom sites
< Correlation coefficients
Phasing
« One hand significantly better than the other?
« What does ‘best’ electron density map look like?
« Does auto-building work?
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Expected anomalous signal European Synchrotron Radiation Facility
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Which absorption edges do we target

ESRF

Absorption edges useful for anomalous scattering experiments

European Synchrotron Radiation Facility

X-ray energy in ke¥

Gordon Le
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Before a full data collection — data quality predictions

European Synchrotron Radiation Facility

Optinal Plan of data collection

Resolution is selected according to the user's choice

Attenuation = 1.0000

N| Phi_start| N.of images| Rot.vidth| Ezposure|Distance| Overlap|

1 0.00 267 s 0.19 2324 ¥o

Resolution limit
Anomalous data
Phi_start — Phi_finish
Total rotation range

2.20 Angstrom
Yes

0.00 — 36045
360.45 degree
67

97.3%

2
3% ( 27.1%)

Optimized plan for data collection
Predicted data quality statistics

The furopean light Source
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R-factor (outer shell)
L/Signa (outer shell) 25.9 (
otal Exposure time 5004 sec (9.014 hour)
Total Data Collection tiss : 717.9 sec (0.199 hour)
: Datalcalisstion statistics scocrding to/the plas
Indexing z 5
Resolution Conpl Average | I/Signa Rofact Renom Overload
Lover Upper % Intensity Sioma % % «
1200 808 1000 25535.8 S0s.1 s0.6 1. 1.4 0.00
908 650 1000 1434706 294.9 487 16 15 000
650 559 1000 102535 2211 464 17 15 000
59 458 9a2 12539 2646 471 17 1S 000
49 453 sas 1swzie s 462 17 1S 00
. DNA/EDNA 453 48 970 101 32205 ez 17 15 0o
Integration 418 391 1000 1258908 2715 464 1.8 15 0.00
331 368 10000 108701 2420 443 13 16 000
368 343 991 ewas 2005 402 21 16 000
349 332 9al8  esds2 1802 369 23 19 000
332 318 962 sole9 1e11 31 28 2.3 000
318 305 974 3937 145 256 33 2.8 000
305 254 971 2s3ls 1373 208 41 35 000
294 284 965 23238 135 175 42 41 000
284 275 seld 17699 1319 13 62 53 0w
275 2067 975 1435 1305 110 76 65 000
267 2559 957 174 1314 87 85 7.3 0o
289 282 9.8 10428 1350 75 110 35 000
Strategy 252 2.46 971 8787 136.0 6.5 127 111 0.00
246 240 940 7861 1416 S 147 129 000
240 24 972 22 171 48 170 150 0o
234 229 963 s0e1 180 41 150 175 000
229 224 951 sas7 1572 35 226 205 000
224 220 957 4703 1593 30 264 243 000
Mldsea 973 42208 1757 258 31 2.8 0.0

Re = o | | wy= < Loy S|/ Zs < |y >
R =Zw [< 1+ > =< |- 3|/ (< 1o >+ <1->)




European Synchrotron Radiation Facility

Example 1

FAE; Se-SAD; S.G. = P2,2,2,; 160° data; A = 0.97 A
(AF/F ~5.4%)

The furopean light Source
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After data processing — are the data good?

N 1/8*2 Dmin(A] PRwrg| Rfull Rourn Ranom  Nanom Av I SIGMA I/fsigma sd Mn(I/ad) Nmweas Nref Neent FRCBIAS Nbias
§¢
1 0.0250 6. 0.019 0.023 0.065 1368 3534 168.0 21.0 159 51.9 10844 1696 334 -0.003 4164
2 0.0500 4. 0.021 0.025 0.058 2693 3951 185.1 21.4 1591 47.7 18062 3044 400 -0.004 6379
3 0.0750 3. 0.023 0.027 0.051 3545 5140 269.1 19.1 263 46.0 24252 3980 422 -0.005 9294
4 0.1000 3. 0.023 0.027 0.053 4320 3845 193.5 19.9 202 43.9 29460 47492 463 -0.001 11352
5 0.1250 2. 0.024¢ 0.028 0.063 4930 23a8 111.6 20.9 127 41.1 33306 5365 488 0.002 12929
6 0.1500 2. 0.028 0.029 0.072 5515 1654 B89.3 18.5 95 38.5 37261 5971 454 0.005 14544
7 0.1750 2. 0.031 0.02% 0.072 6015 1384 7.1 17.9 B84 35.4 40623 6472 495 0.002 15866
8 0.2000 2. 0.033 0.030 0.072 6481 1241 72.3 17.2 79 33.5 43624 6934 495 0.006 17079
9 0.2250 2. 0.038 0.031 0.075 6852 1098 71.5 15.3 73 31.9 16198 7304 487 0.003 18090
10 0.2500 2. 0.046 0.033 0.080 7265 855 66.1 12.9 61 29.2 49015 7709 454 0.006 19251
R =ZZ, |1 ()= <1(hk)>/ZZ,1 (hd)
Normal probability plot
O, = —<l,>Id*(l,)
hid hid hid hid
s
. Sope=1; Intercept =0
2
Normal probability analysis, by run & partiality
=1 Run number: 1, fulls
3 Nunber Slope Intercept
£ 1 data: 182820  1.013  0.048
g0 v Data within expected delta 0.90: 115520  0.041  0.058
:
P4 m + summed partials
Run number: 1, summed partials
umber Slope Intercept
2 All data: 150209 1.024 -0.024
Data within expected delta 0.90: 94913 0.884 0.013
-3
Run number: 1, fulls against fulls onl:
-4 -2 -1 0 1 2 3
S(expected)
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After data processing — is there any signal in the data?  european synchrotron Radiation Facility

N 1/d°2 Dmin(Af Rwrg| Rfull  Reum

Nanom Av_ I SIGHA I/sigwa  sd Mn(I/sd) Nmeas Nref MNoent FRCBIAS Mbias

g8
1 0.0250 6.32 0.019 0.023 1368 3534 168.0 21.0 159 51.9 10844 1696 334 -0.003 4164
2 0.0500 4.47 0.021 0.025 2693 3951 185.1 21.4 191 47.7 18062 3044 400 -0.008 6979
| 3 0.0750 3.s5 0.023  0.027 3545 5140 269.1 19.1 263 46.0 24252 3980 42z -0.005 9294
4 0.1000 3.16 0.023  0.027 4320 3845 193.5 19.9 202 43.9 29460 4742 463 -0.001 11352
5 0.1250 2.83 0.024 0.028 4930 2328 111.6 20.9 127 41.1 33306 5365 488  0.002 12929
6 0.1500 2.58 0.028 0.029 5515 1654 89.3 18.5 95 38.5 37261 5971 484  0.005 14544
7 0.1750 2.39 0.031 0.029 6015 1384 77.1 17.9 8% 35.4 40623 6472 498  0.002 15866
8 0.2000 2.24 0.033  0.030 6481 1241 72.3 17.2 79 33.5 43624 69334 495  0.006 17079
9 0.2250 2.11 0.038  0.031 6852 1098 71.5 15.3 73 31.9 46198 730&4 487 0.003 18090
10 0.2500 2.00 0.086 0.033 7265 ass 66,1 12.9 61 29.2 49015 7709 484  0.006 19251

Ro = ZoZ, [1,(NK)= <1 (NKI) >| /2,21, (NKI)
Ry = |17 (0K =17 (hI) /2, |1 (hkd) + 1~ (hkl ) /2

Ranom > Rmerge?
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After data processing — is there any signal in the data? European Synchrotron Radiation Facility

The presence of anomalous signal can be deduced from a normal
probability plot of the normalized differences 0,,,,, = (I* - I') /[(a?(I*) +
a?()]¥2. 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 anomalous signal)

Anomalous differences

4

3

: /

/ Normal probability analysis of anomalous differences

=1
H] ====== Anomalous differences ======
59 Number  Slope Intercept
£ ALl data: 48988  4.06L  0.041
S Data within expected delta 0.90: 30954  8.724  0.043

-1 0 1
Slexpected)

(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?

European Synchrotron Radiation Facility

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
58

0.0250
0.0500
0.0750
0.1000
0.1250
0.1500
0.1750
0.2000
0.2250

-0.108 187
0.024 215
-0.000 312
-0.120 336

Bomvanmunn
HITPEEEED

N_cen CC_Tmean N_Tmean

The furopean light Source
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Data processing — Summary

ESRF

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

Getting the most from the ESRF MX beamline:

Overall InnerShell OuterShell

Low resolution limit 39.81
High reseolution limit 2.00
Rmerge 0.033
Rmerge in top intensity bin 0.025
Rmeas (within I+/I-) 0.039
Rmeas (all I+ & I-) 0.075
Rpim (within I+/I-) 0.021
Rpim (all I+ & I-) 0.030
Fractional partial bias 0.000
Total number of observations 335117
Total number unigue 53920
Mean((I)/sd(I)) 35.6
Completeness 98.1
Multiplicity 6.2
Anomalous completeness 98.0
Anomalous multiplicity 3.2
DelAnom correlation between half-sets 0.833
Mid-Slope of Anom Normal Probability 3.724

The furopean light Source Gordon Le

39.81
6.32

0.023
0.027
0.073
0.015
0.028
-0.003
10954
1724
54.3
93.4
6.4

2.11
2.00

o

054
065
103
035
040
006
49295

7768

24.7

97.6
6.3

coooo

97.5
3.3
0.795

no
anomalous
signal

Grenoble, Febr
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Is there signal in data? — anomalous difference Patterson  european sunchrotron Radiation Facility

Copyright(C) Bruker-AXS
fo (F}

+Y down,
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After data processing — is there any signal in the data? European synchrotron Radiation Facility

File Tools HKL2MAP: Pape T &
Schneider TR (2004).
HKL2MAP: a graphical user
I~ SHELXC - prepare &F or FA data from expel J interface for phasing with

SHELX programs. . App.

I Current status of data preparal .
SHELXC: Sheldrick GM
jSHELXCVSHELXDVSHELXE ariginal’,/SHELXE inverted (2003). Goettingen

X University.

Project name : || | ‘

SHELXD: Schneider TR,
Sheldrick GM (2002).
Substructure solution with
SHELXD. Acta Cryst.
D58:1772-1779.

SHELXE: Sheldrick GM
(2002). Macromolecular
|| phasing with SHELXE. Z.
Kristallogr. 217:644-650.
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After data processing — ShelxC output European Synchrotron Radiation Facility

ESRF

335117 Reflections read from SAD file fae-pk.sca
53802 Unique reflections, highest resolution 2.000 Angstroms
263 5 Friedsl pairs used on average for Local scaling

Resl. Inf - 8.0 -6.0-50-40-35& 2.8-26-2.4-22-200
N{data) 858 B2 1458 3316 3364 59 3685 4938 6644 3256 13230
Chi-sq 3.76 1.61 0.98 1.65 1.44 1.04 0.84 0.8¢ 0.80 0.75 0.95
<Ifsig> L£B.1 53.0 G505 531 51.3 448 38.6 35.0 32.1 29.7 26.2
Lonplete S AR G934 9 95 9 97 7 9 93 5 98 A 9

3.0
a1

sigr  5.11 5.07 4.23 3.37 3.30 3.37 3.36 3.28 2.98 2.75 2.55
CCfanom) 94.1 97.4 958 01.4 895 015 90.9 859 86.4 83.4 783

For zero signal <d'fsigr and <d"/sigr should be about 0.80

47418 Reflections written ta file FAE-pk_fa hkl for input ta SHELED/E

£3892 Reflections written to file FAE-pk. hkl for input to SHELXE

- Self-Anomatons CC vs. Resolution - - <d"fsig> vs. Resolutiort -
Self-Anomalous CC <d"sig>
100 6
SAD SAD

20

20 5

7 .

60

50 3

40

20 z

20 1

10

0+ Resolution [A] [ Resolution [A]

if 200 100 67 50 40 33 29 25 22 20 inf 200 100 67 50 40 33 29 25 22 20

The European Gordon Le:
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Finding Substructure — ShelxD output European Synchrotron Radiation Facility
ESRF

PSUM 33.80 PSMF Peaks: 132 139 121 101 101 99 85 77 72 69 61 57 46 41 31 26
Try 64:20 Peaks 93 95 76 75 74 71 60 59 55 54 52 51 35 34 23 21 20 139 18 18
R = 0.163, Min fun. = 0.299, <cos> = 0.561, Ra = 0.192

Try B4, oC All/Wesk 58.09 7 37.01, best 58 10 / 37.04, best PATFOM 7T.35
BATFOM  7.34

- 8ite Occupancy vs. Feak Number - -CCallvs. CCweak -
Site Occupancy ccall
10 60
Try :9 .
CCall : 58.10
08 0
40 .
0.6 .“
30
4 2 CC,, > 30% = substructure ‘solved’
CC,caq reflections not used in phasing; > 15%
0.2 10 i
(G. Sheldrick)
00 T Peak Number 0 T CCweak
[ 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
|

100 [ S(WE, E,) Ew — E(WE,) Z(WE,) |
CC=
{ [E(WE2)Zw — (ZwWE,)?] - [E(WE 2 )Zw — (ZwE )] }*

Fujinaga & Read, J. Appl. Cryst. 20 (1987) 517-521.
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Phasing quality — ShelxE

European Synchrotron Radiation Facility

SHELXC)\[SHELXD\/SHELXE original\{SHELXE inveried.

SHELXC),/SHELXD), /SHELXE originaly,/ SHEL XE inverted

= 0.630 after including heavy atons
0.23

6. Connect. = 0.872 for dens nod. cycle 1
0.375, Connect. = 0 for dens.mod. cycle 2
0.597, Comnect. = 0.013 for dens.mod. cycle 3
0.648, Comnest. = 0.917 for dens mod. cyole 4
0.691, Connect. = 0.918 for dens mod. cycle §
0,693, Connect. = 0.919 for dens mod. cycle §
0.708, Comnect. = 0.920 for dens.mod. cycle T
0.696, Connest. = 0.921 for dens mod. cyole §
<wt> = 0.300, Contrast = 0 698, Connect. = 0.821 for dens mod. cycle 8
<wk> = 0.300, Contrast = 0676, Comnect. = 0.921 for dens mod. cycle 10
Mean veight and estinated maptC as a function of resolution
d  inf -4.32 - - - 2.73 - 2.53 - 2.38 - 2.26 - - 2.08 - 2,01
t>  0.688 0.650 0.645 0.666 0.606 0.704 0.712 0.700 0.601 0.643
0,851 0.831 0,846 0.860 0.873 0.885 0.800 0.870 0.828

<nap0Cs 0,869
n 5429 5434 5420 5330 5527 G443 G450 Gddg 5163 5203

Pseudo-free 0C = T2.65 &

hkizmap Version.

<rt> = 0.577 after including heavy atoms
03

<wt> = 0,300, 0.099, Connect. 689 for dens.med. cyele 1

<rt> = 0.300, 0092, Gonnect. 726 for dens mod. cycle 2

<rt> = 0300, 0.005, Gonnect. 783 for dens mod. cycle 3

<rt> = 0,300, 0099, Gomnect. = 0.815 for dens mod. cycle 4

Poeudo-free 00

<wt> = 0.300, 0.108, Gomnect. = 0.835 for dens.med. cyele §

<wt> = 0.300, 0.115, Gonnect. 850 for dens mod. cycle 6

k> = 0.300, 0122, Gornect. 950 for dens nod. cycle T

<rt> = 0,300, 0125, Gonnect. 867 for dens mod. cycle 8

<rts = 0,300, 0.123, Gonnect. 860 for dens mod. cycle §

<ty = 0.300, 0.127, Gonnect. 875 for dens mod. cyols 10

Mean veight and estimated maplC as a funckion of resolution

d  dnf-432-343-3.00-273 - 253 - 296 - - 208 - 2.01

<rt> 0,218 D230 0.200 0223 0.226 0.234 0.247 0.249 0218 0.190
0239 0268 0272 0281 0303 0308 0269 0236

<mapsy 0.292 0,262
N G434 G498 5330 G527 G443 G450 G448 5183 6203

Peeudo-free Gt = 25.11 %

- Contrast vs. Cycle -

Contrast

) original
07 inverted
06
05 Pseudo - free CC

7265%

04 511%
03
02
01 et
00 4 Cyele

- Estimated CC(map) vs. Resolutiot -

Estimated CC(ma)
09

—_— TN

inverted

Pseudo—free CC
72.65%
25.11%

+ Resolution [A]

The furopean light Source
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: Ator rofmac, R - 0.210 (Rfcos - 0.00).
Foud 26 (26 xequosted) and xemoved 15 (56 roqussted) atons.
Oyele 44: After refac, = 0.207 (Rfree = 0.000),
Found 26 (26 xequosted) and xemoved 18 (58 romustod) atons.
+ Aftor refmac, B - 0.201 (Rfroe

Round 1 545 poptidos in 7 chaina. The Longest chain coprisas 177 peptides.
Round 2: 546 peptides in 10 chains. The langost chain conprises 155 peptides.
Tekdng the rewmits. fron Tomd 1 o b

Ghaina 10, Rovaius 536, Estinated corcoctuess of the model 99.4

“ Final rosteained rofinenoat Block. o aton wpdita.
54676 reflections ((99.77 % complete ) anl 3139 restraints for refining 5271 atons.

225 0 00).

Sowd 0 (52 roquestad) nd oo 8 (39 coguested) atons.
Grele 47: Mt xofac, R = 0.223 (Rfces = 0.000).

Sowad (52 roguestod) and rosovod 7 (38 cosuested) atons. J
opele 48 e xofnse, R - 0.223 (kices

Fowd (52 roquested) and roved 6 (36 coested) atons. vl
- 0,229 (atron - 0.000). kS

Show Log Graphs Show Summary.

Mtor rommac, B

.000).

Aftor rofmac, &

=

The furopean light Source
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MAD data sets European Sunchrotron Radiation Facility

peak remote
ra
e e e
'), 1 -
-8
e ez TLea 66 T8 1150 92

Energy (ke¥)

Sope,,, >Sope,,. >Sope,,

emote

Resolution (A}

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

CCoanom (ip/rm)

Evans, P. (2006). Acta Cryst. D62, 72-82
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Ny.Np : # Heavy, # (equal) light atoms of scattering dasf,,, f, respectively

o=(Fu [=IF, DI (IF, [+o°(IF, )
Sope>>1; Intercept >0

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

arm (roal). ‘native data for macromomycin as a function of resolution
Normal probability plot 800 TIF - FU/SE,
200 I g o i e s i)~ e Ity 3
incrcep. Nombers . parenthess are the sope and crepl o
s 500 isquutes gt ne sl fom those data i
! % Resluion  Number of
/ 00 @ G Reidl Spe  Inerapt
100 ) K,PONO,
106 B 0w anEen e
2 200 108 W 0 mes  wasy
= 10-5% 11 0265 2357Q167 381 (418
30 20 -10'%° s " 795 0267 @50 330(54
3! - - om texpected) 103 w0 2@y 2750
E Yo 20 30 e W0 s mseis 260079
g 100 =4 W8 om0 WTooan 266089
2 - s = 53 1538 031 ABEIOS 246049
2 © shmimas parels - 200
! @Hgcr,
-300 106 D ous  agsy  1Masy
2 105 B0 ol 1ATd0sg  0mE7)
-400 105 o ey 10709
7 104 oS 0% 7 0R0s)
500 103 B9 0m 9% 63y 0903
600 8] ¥ one 82 68
N £ oz &n 6m  0z03)
X 700 53 B A 1)
— 3 | w0 | wwn man owen
[ . R = 1 B - i I Wn IR thow
. 104 w0 66 699 010029
Fig. 4. Plot of dmireal) versus miexpected) for native macro- 103 B® A s oum 0m09
in n - vatives; 53 W2 awo S0 ush  00s 019
- —_ 2 momycin data and three heavy-atom derivatives: is s, 7 s e oL
- : Cly; # is (NH,),IrCl,
hkd hid hid hid K:PUNO,),; M is HgCly: & is (NH.ICl. ) s oo 43 @19 aor0on

Slope =1, Intercept =0 Howell, P. L. & Smith, G. D. (1992). J. Appl. Cryst. 25, 81-86
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Exam ple 2 European Synchrotron Radiation Facility

ESRF

XXX; Zn-SAD; S.G. = P1; 360° data; A = 1.28 A
(AF/F ~4.2%)

The European Light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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After data processing — are the data good? European Synchrotron Radiation Facility

ESRF

N 1/a%2 omin() Rarg 1 SIGHA U/signa  sd Nn(I/sd) Nmeas Nref Neent FRCBIAS Nbias
5
10.0108 9.62 [0.048 [0.045 0.048 0.088 337 29765 2789 10.7 2329 30.0 2481 329 0 -0.035 905
20.0216 6.90 |0.044 [0.024 0.046 0.054 665 199836 1600 12.4 1639 7.1 4927 666 © -0.023 1643
3 0.0324 5.55|0.064 [0.047 0.051 0.062 881 10446 1275 8.2 1027 22.2 6226 894 O -0.008 2163
30.043 4.01|0.060 [0.066 0.054 0.060 1013 14543 1550 5.4 1366 23.7 6922 1003 0 -0.023 2664
50.0541 .00 |0.0s5 [0.071 0.054 0.050 116z 20691 1379 10.5 1638 25.6  B4ls 2 0 -0.03 3335
60,0645 3.9 [0.066 [0.065 0.057 0.052 1292 17360 1971 6.7 16lz 24.4 9413 1289 0 -0.022 o777
70,0757 3.63|0.070 [0.062 0.05 0.050 1386 14246 171z .3 1427 22.6 10143 138 0 -0.020 4040
©0.0065 3.40|0.072 [0.083 0.051 0.050 1469 12524 1451 5.4 1324 20.5 10960 1485 0 -0.018 4412
0.0373 3.21|0.082 [0.075 0.063 0.057 1600 G687 1206 7.2 1044 5.3 11867 1599 0 -0.005 474l
0.1052 3.04 |0.095 (0,063 0.065 0.066 1604  SEI6 925 6.4 840 1s.3 1291  lsez 0 0,001 S0z
0.1150 2.0 |0.11z [0.165 0.067 0.07 1772 4206 764 S.s 719 13.1 1286 1774 0 0.003 518
0.1255 2.70 |0.129 [0.133 0.070 0.075 1834  3s1z 77 S.0 00 1l 13764 1036 0 0.011  Ssa7
0.1405 2.67 |0.151 [0.163 0.073 0.085 1se0 2631 725 3.8 661 9.0 14034 1079 0 0.014  so29
0.1513 2.57 |0.170 [0.204 0.075 ©0.105 1982 2337 614 3.5 610 7.9 11295 2002 0  0.014 4265
0.1622 2.4 |0.130 [0.515 0.075 0.114 1959 2189 413 5.3 Se9 6.4 7504 1976 0 -0.014 2260
0.1731 2.40 |0.157 [0.331 0.076 ©0.131 1984 1661 415 4.5 Ss1 S.6 7662 2020 0 -0.02z 2474
0.1539 2.33 |0.201 [0.552 0.077 ©0.157 2134 1489 427 3.5 S59 4.7 Gass 2150 0 -0.013 2567
0.1347 2.27|0.223 0,436 0.079 ©0.170 2115 1391 442 3.1 Se5 4.3 o4z 2138 0 -0.028 2561
0.2055 2.21|0.278 (0,276 0.080 0.208 2203 1208  4es 2.5 616 3.7  oszs 2234 0 -0.024 258
02163 2.15 0,326 J0.567 0.052 ©0.247 2191 1075  soe 2.1 eaz 3.z 7els 2108 0 -0.016 2407
R = ZwZ |1 (N )= <1(hKk)>[/Z 2,1 (hk)
Noreal probability analysis, by run & partiality
wn mber: 1, Rn 1 fulls
i Vamber | Slope Intercept
Normal probability plot All data: 363 0.898  -0.076
Data within expected delta 0.00: 230 0.696  -0.083
wn number: 1, Run 1: sumed partials
4 . Murber  Slope Tntercept
que: Ge022  0.081 | -0.148
Data within expected delta 0.90; 41718 0.897  -0.128
3
) un nusber: 1, Run 15 fulls against fulls only
2 Mamber  Slope Intercept
Ml 80 0.678 | 0.065
-1 Data within expected delta 0.90: 38 0.623  -0.049
3 d
§o
T wn mber: 2, Rn 2: fulls
z  Fon 1 tommed pr i Siope Totercept
& e pummed 0.987  0.013
un 2: lulls Data within expected delta 0.90: 3318 0.921 -0.010
« Run 2: summed partials e
- o Run number: 2, Run 2: summed partials ======
umber  Slope Tntercept
1gata: 1672 0.000 | 0.083
Data within expected delta 0.90; 73090 0.881 0060
un nusber: 2, Run 2: fulls against fulls only
— Narber  Slope Intercept
2 Ml 60 0.003 | 0.006
Bexpected) Data within expected delta 0.00: 404 0.895  0.003

TS"‘: "-':'-"Fﬁﬂ“ light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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After data processing — is there any signal in the data?

Roon = Zye |17(0K) -

The furopean light Source

¥ 1/d°2 Doir1| Forg | R2al]l  Rewn | Rangw
5

1 0.0138 1.048 (0,045 0.048 | 0.048

2 0.0216 2.084 (0,024 0.046 | 0.054

3 0.0524 2.084 [ 0,047 0.C51 0,062

40,0433 2.080 (0,068 0.C54 | 0.060

50,0541 2,083 (0,071 0.C54 {0,050

© 0.0549 2085 | 0,065 0,057 [ 0,092

7 0.0757 1.070 (0,062 0.C59 | 0.050

8 0.0865 2.072 (0,033 0.C61 | 0.050

90,0973 2.082 |0.07¢ 0.063 | 0.057

2.093 0,065 0.C65 | 0.066

JE (0,168 0.067 0,073

2129 (0,133 0.0°0 f0.078

2181 (0,168 0,073 {0,039

2,170 (0.2 0.075 (0,133

2.130 (0,515 0.075 | 0.114

2.157 0,331 0.076 | 0.131

J.201 (0,35 0.077(0.157

.28 |0.43¢ 0.0°9 | 0.170

0.2055 2.278 | 0,278 0.C80 | 0.228

0 0.2163 .25 (0,367 0.082(0.247

5 —

Rovge = ZyZ, |1, (kD)= <1 (hkl) >/ Z %,
() [/Z,, [17(hKI) +17(hKI )| /2

Ranom > Rmerge?

European Synchrotron Radiation Facility

Waror kv 1 SICHA I/siges  ad Mn(ljsd) Meeas  Nref HNeert TRCBIAS Moias
372975 2789 0.7 2328 2487 326 0 -C.035 905
€66 19335 1600 2.4 1 427 6E 0 -0.023 1643
8L 046 1273 8.2 1T 2l 6226 834 0 -0.009 163
013 399 1850 9.4 7 gz 100 0 -C.023 266t
116 0EE1 1979 0.8 N3 E VLI EY) 0 -C.03 s
2% ITED 1971 8.7 4 Ml nE 0 Loz 3T
13686 446 1712 8.3 J6 1014 133 0 -C.020 4040
1488 2524 1491 8.4 W90 168 1430 0 4412
1¢00 8667 1205 7.2 B 0 Lo
1684 EEI L R Y GoolE 1 0 5102
118 6 T8 55 Tl 13286 17 0 5518
1E34 L NT L0 8 LIt 18 0 5547
1880 FECD R TR 8 1408 187 0 5829
1592 337 64 nB 9 128 2032 0 4265
1853 268 43 53 A4 04 197 0 2268
1564 1361 45 45 N3 6 a0 0 247
2124 14F8 27 3.5 N 56 25 0 2567
118 JES R A Y 3 EICVEE S 0 2562
203 e s Lo 7 E I 0 158
18 ns w08 Ll i rEILE 0 487

(hki)

mdln

Hmmmm...

Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2011
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After data processing — is there any signal in the data?

European Synchrotron Radiation Facility

The furopean light Source
Slide: 26

W 1/ owin(af T | Renl e [Fomew] e kvl SIGHA I/sigen s Bal/ad eess  Neer Noem FRCELLS Moiss
§§
19 0.2085 2.21 [0.278 [0.278 0.080 [0.208| 2203 1209 485 2.5 618 3.7 86 2234 O -0.024 2592 R.. (P -Ind g M g g
20 0.2163 2.15 [0.326 [0.567 0.082 [0.247| 2191 1075 S08 2.1 2 3.2 7916 2108 0 -0.018 2487 p.i.m. Precision-Indicating Mergin
N — Rf ; Weiss, M. S. (2001). J
¢ et i s St e e S Rt b e Sk feess e nen] foe| S 25 7o actor; Weiss, M. S. -J.
b N =
Dot we sme s 0 sme me e w0 s o oo o o.0m| | s 006 cuse Appl. Cryst. 34, 130-135; N =
30.032  5.55 6252 893 0 97.4 964 7.0 961 98.2 3.5 0.075 0.098 0.064|0.040 0.037 0.086 0.115 b f b f
L0005 fe eeet 1 0 910 ae 4 o6 sz a4 0.07 0.0 0.060| 0.0% 0.038 0001 0112 number of observations of a given
G005 353 ous 1301 0 9.9 967 7.3 962 5.1 3.6 0.077 0.091 0.086|0.040| 0.034 0.091 0.111 reﬂecnon)
bR e oS s S O e o ool ordid o] ool is a measure of the quality of the
110,119 2.90 13318 1784 0 957 96.2 7.5 95.0 99.0 3.7 0.131 0.147 0.112|0.068| 0.054 0.156 0.181 d ft h I I
1200 276 198 1942 0 5.4 o4 7.5 o4 o5.1  3.7 0.151 0163 0.123|0.078| 0,059 0.ie1 0.204 ata after averaging the multiple
For R s e A ot s A oo e measurements.
p

= - < I(hkl)>| (hkl)
R = T Z; |1, (hK)=< I (hkl) > /25, 1, (hK
Ryon = “(hKl)-1° “(hKl)+17(hKl) |

5 117 (k) =17 (hKI) [/, 5, [17(hkd) +1(hkl )72

= =1)*%, |1, (hkd)= <1 (hk) >| (hkl)
Ryim = Z (N =225, |1, (hKI)= < 1 (k) >| /%, 1, (hki

Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2011




After data processing — is there any signal in the data? European Synchrotron Radiation Facility

o0 .05 A better indicator of anomalous signal is,
perhaps, the

rati(_) Ramm/Rp.im.; Ranom = signal, Rp.im. = Noise.
oum 00w (Weiss, M. S., Sicker, T. & Hilgenfeld, R. (2001).
orics M Structure, 9, 771-777; Panjikar, S. & Tucker, P.
o v (2002). J. Appl. Cryst. 35, 261-266.)

0.170 0.22%

Ranom/ RpAi.m. > 12’)

TS"‘: "-';'-"F‘ﬂﬂ" light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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After data processing — is there any signal in the data? European Synchrotron Radiation Facility

The presence of anomalous signal can be deduced from a normal
probability plot of the normalized differences 0,,,,, = (I* - I') /[(a?(I*) +
a?()]¥2. 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 anomalous signal)

Anomalous differences

. /
3

Normal probebility analysis of anomalods differences
2

=====: lngmeleus differences ====== 1 ,/

Huber 3.ope [Intercept g
Al data: 31557 1549 | -0.000 _Z 0

Data within expected delta 0.9: 19947 1,351 -0.045 2 N
: /
. //
3 /,
L/
43 2 3

-1 0 1
S(expected)

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

TS"‘: "-';'-"Fﬂﬂ" light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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After data processing — is there any signal in the data? European Synchrotron Radiation Facility

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%7?

N 1/resol*2 dnax|CC_axcn| N aron ©Ccan N cen ROR anen N enox RCRcen

§

1000 38| L8| w5 - 0 onEm A -

¢ 0GE GBI L7 esL - 0 206 &l - no
30,0324 5.5 g8 - 0 oLTE 85 - DelAnom scatter plot anomalous
+ 0040 48 o - 0 oLEE T - o S e signal
5 005 4.9)) 0 - 0oL e -

§o0.068 3.9 e - 0 LT B -

7008 LB 55 - 0 LA 1% -

8 .85 3.4 st - 0 LEE s -

9 0.0m 3.2 5 - 0 LEL 1S -

0 00022 104 - 0 OLEE 16 - -

10180 2.9 mo - 0oL -

0L .73 e - 0 L% I - 7

1 0.M0E 267 '35 - 0 oLIE 185 -

10151 2.5 e - 0 LIS 1L -

15 01622 2.83 e - 0 oLIM 10 -

135 0,181 2.4) €0 - 0oL 80 -

016 203 .55 - 0 L4 1955 -

16 019 2.7 55 - 0 LLE 115 -

19 0.20% 2.21 - 0 L0 wm -

W00.2:3 2.1 - 0 LI L6 -

The furopean light Source Gordon Leo
Slid

After data processing — is there any signal in the data? European Synchrotron Radiation Facility

SUBSET OF INTENSITY DATA WITH SIGNAL/NOISE >= 0.0 AS FUNCTION OF RESOLUTTION

RESOLUTION NUMBER OF REFLECTIONS COMPLETENESS R-FACTOR R-FACTOR COMPARED I/SICMA R-meas Rmrgd-F |Anomal SigAno| Nano
LIMIT OBSERVED UNIQUE POSSIBLE OF DATA  observed expected Corr
9.77 2351 654 718 91.1% 3.8% 4.0% 2315 31.07 4.4% 2.4% 88%  3.023 302
6.91 4854 1319 1352 07.6% 3.8% 4.1% 4849  30.13 4.4% 2.6% 80%  3.162 646
5.64 6028 1673 1750 95.6% 4.3% 4.3% 6017  27.51 5.0% 3.1% 87%  3.019 808
4.88 6924 1949 2038 95.6% 4.3% 4.3% 6900 27.19 5.1% 3.2% 84%  2.917 933
4.37 7948 2216 2314 95.8% 4.0% 4.2% 7921 27.92 4.7% 2.9% 78%  2.307 1062
3.99 8783 2457 2604 04.4% 4.2% 4.3% 8760  26.59 5.0% 3.1% 76%  2.200 1183
3.69 9501 2642 2774 95.2% 4.4% 4.6% 9480  24.86 5.2% 3.6% 72%  2.086 1274
3.45 10579 2899 3034 95.6% 4.7% 4.8% 10555 23.39 5.6% 3.9% 67% 1.935 1408
3.26 11467 3092 3250 95.1% 5.4% 5.4% 11447 21.10 6.3% 4.6% 66% 1.868 1512
3.00 12284 3276 3426 05.6% 6.6% 6.7% 12271 17.85 7.7% 6.3% 63% 1.771 1612
2.94 12761 3350 3538 94.7% 8.0% 8.3% 12750 15.51 9.3% 7.8% 59%  1.597 1661
2.82 13405 3501 3706 94.5% 9.4% 10.1% 13399 13.58 10.9% 9.2% 53%  1.445 1745
2.71 13954 3626 3886 93.3% 11.7% 12.8% 13944 11.32 13.6% 12.4% 49%  1.333 1809
2.61 7401 3628 4084 88.8% 11.4% 11.4% 7389 7.84 15.7% 21.0% 34%  1.134 1669
2.52 7084 3602 4128 87.3% 11.6% 12.0% 6964 6.86 16.3% 23.7% 28% 1.023 1643
2.44 7454 3800 4382 B6.7% 12.8% 13.8% 7308 6.09 18.1% 25.9% 29% 1.003 1720
2.37 7440 3803 4462 85.2% 15.9% 16.7% 7274 5.14 22.4% 33.3% 21% 0.933 1710
2.30 7359 3779 4526 83.0% 17.4% 18.6% 7160 4.61 24.6% 36.0% 19% 0.921 1677
2.24 7779 4032 4876 82.7% 21.2% 22.5% 7404 3.93 29.9% 44.3% 12%  0.851 1725
2.18 5153 2822 4738 59.6% 23.3% 24.9% 4662 3.47 32.9% 46.3% 12% 0.840 1057
total 170599 58120 65586 B8B.6% 5.5% 5.7% 168859 14.16 6.6% 10.3% 60% 1.569 27156

TSIT: Eggupﬂﬂnl ht Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Gre
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Is there signal in data? — anomalous difference Patterson  european sunchrotron Radiation Facility

XPREP Ver. 6.14 Copyright(C) Bruker-AXS 2003

The European
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After data processing — ShelxC output European synchrotron Radiation Facility

176322 Reflections read from SAD file HpFur_910.sca

31027 Unique reflections, highest resolution 2.185 Angstroms

189 & Friedel pairs used on average for local scaling
Resl. Inf -80-60-50-40-35-32-30-28-2¢6-24-218
N(data) 628 899 1150 2517 2C0e8 2367 2155 2815 3742 5005 7181
Chi-sq 0.80 1.18 1.37 0.87 1.02 1.07 1.12 1.19 1.43 1.27 0
<I/sig> 44 2 409 384 386 344 205 238 18.2 124 8.0 50
%Complete 95,7 98.5 920 07 4 071 97.0 070 964 081 055 804
<d"/sigy 2.90 3.05 285 2.24 1.98 1.90 1.78 162 1.38 1.13 0
CC (anom) 89.8 886 844 770 679 A0 4 552 461 37.5 30.4 21.8

For zern signal <d'/sig> and <d"/sig> should he about 0 &0
21144 Reflections written to file HpFur fa bkl for input to SHELED/E

31027 Reflections written to file HpFur. bkl for input to SHELEE

- Self-Anomalous CC vs. Resolution - - <d"fsig> vs. Resolution -
Self - Anomalous CC <d"fsig>
920 4
SAD SAD
80
70 3
60
50
2
40
30
2 1
10
0o 4 Resolution [A] 0o 4 Resolution [A]
inf 218 109 73 55 44 36 81 27 24 22 inf 218 109 73 55 44 36 31 27 24 22
Resolution [ 250 Self-Anomalous CC  30.40 | |

The furopean light Source
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Finding Substructure — ShelxD output European Synchrotron Radiation Facility

PSUM 157 14 PSMF Pezks: 96 25 24 23 16 16 15 15 14 13 13 12 12 11 11 11 11
Try 100:20 Peaks 93 91 88 86 84 83 77 61 57 55 52 44 13 12 7 7 3

R = 0.293, Min.fun. = 0.262, <cos» = 0.659, Ra = 0.226

Try 100, CC All/Weak 48 54 f 30.27, best 50.13 f 31.40, best PATFOM 45 24
PATFOM 43 39

hii2map Vi [=JE)]
= Site Occuparncy vs. Pexk Number - -CCallvs. COweak -
Site Occupancy cCall
10 60
Try :11
CCall :50.13
0.8 50 -
ot
40 .
06 . e
30
04
o CC,, > 30% = substructure ‘solved’
02 10 CC, e reflections not used in phasing > 15%
(G. Sheldrick)
0.0 T+ Peak Number 1] + CCweak
0 4 8 12 16 20 1] 5 10 15 20 25 30 35
|

100 [ S(WE, E,) Ew — E(WE,) Z(WE,) |
CC=
{ [E(WE2)Zw — (ZwWE,)?] - [E(WE 2 )Zw — (ZwE )] }*

Fujinaga & Read, J. Appl. Cryst. 20 (1987) 517-521.

TS"‘: ";'”-‘Pﬁﬂ““lm Source Gordon Leonard, Getting the most from the ESRF MX beamline:
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Phasing quality — ShelxE output European Synchrotron Radiation Facility

1 Current status of data preparation, substructure solution and phasing :

'SHELKC\/SHELKD'/ SHELXE original®,/SHELXE inverted

for 15

dens mod. cyols

0
<wty = 0.300, Gontrast = 0.259, Gomnect. = 0.817 For dens.mod cycle 16

<wt> = 0,300, Contrast - 0.263, Comnect. = 0,818 for dems.mod. cycle 17 B i Qe &ee 1
Cots = 0300, Gonkrast - 0263, Connect. - 0.821 For dens mod cycle 18 B G (ool o I
cots = 0300, Gontrast - 0 268, Connect. - 0.620 for dens.mod cycle 10 g for densnod. cycle 18
<wt> = 0300, Contrast - 0.268, Comnect. - 0,823 for dens.mod, cycle 20 B Gl b for dememed vl B2

Mean yeight and estinated mapCC as a function of resolution
3 - 3.30

4 inf-4.76-3.78 300 - 9.78 - 2.63 - 2.48 - 2.37 - 2.28 - 2,10 Mean veight and estinated maptt

resolution
~4.76 - 3.78 - 3.30 - 3 2.4

2 - 2.48 - 2.37 - 2.28 - 2.19
we>  0.256 0.336 0.493 0.516 0.524 0 [ 0.565 0.557 0

<yt>  0.475 0.495 0.571 0.584 0.594 0.601 0.604 0.580 0.572 0
<napoo> 0,296 0.417 0.650 0,734 0773 0.809 0,843 0.844 0.837 0.820 ChepoC> 0,628 0,681 0171 0,607 0.845 0861 0.672 0.864 0,860 0,540
N 3107 3104 3119 3035 3189 3023 3293 3154 3043 2900 5 290 3904 3110 3006 3169 3093 3905 3154 3043 2000

Pseudo-free oG = 56.96 % Psendo-free GO = 63.96 %

hkiZmap Ver ics [=](=](x]
Fi play  Appearance
- Contrast vs. Cycle -
Contrast

06 +

05 T inverted

04 T Pseudo-free CC
56.26%

0T 63.96%

02 -+

[N

0.0 + + + + + Cycle

[} 4 8 12 16 20

TS"‘: ";':’-"Fﬁﬂ“ light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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Phasing quality — electron density maps (the real test) European Synchrotron Radiation Facility

TSIT: EI;I;DDBHI‘I light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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Exam ple 3 European Synchrotron Radiation Facility

Bovine Trypsin; S-SAD; S.G. = P2,2,2,; 360° data; A = 1.77A (7.0 keV)
(AF/F ~1.4%)

TS"‘: E';'EDP“" light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
ide:




After data processing — are the data good? turopean Sunchrotron Radiation Facility

N 1/d"2 Dmin(A) Rmrg| Rfull Rcwn Ronom Nanom  Av I SIGMA Ifsigma  sd Ma{Ifsd) MNmeas Nref Ncent FRCBIAS Nbias

55
1 0.0250 6.32 0.028 0.028 0.020 446 1582 76 20.7 64 74.2 8681 684 238 - 1]
2 0.0501 4.47 0.028 0.028 0.015 923 1850 92 20.2 76 76.4 16192 1167 244 - 1]
3 0.0751 3.65 0.029 0.029 0.014 1211 2288 116 19.7 9 72.5 19596 1446 234 - 1]
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 - o
8 0.2003 2.23 0.127 0.046 0.039 2131 329 od 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 - 1]
10 0.2504 2.00 0.378 0.062 0.109 2337 156 75 2.1 79 7.5 36106 2541 211 - 1]

R = 2, |1, (k)= < 1 (BKI) 5| /5,5, 1, (k)

Normal probability plot

scala statisties for XDS processed data

Nomal probability amalysis, by run & partiality

-E:; = Run munber: 1, fulls
H Nurber  Slope Intercept
20 s A1 data: 260479 0.992  0.013
i Data within expected delta 0.90: 164591 0.981 0.023
2

4

4

T =2 s

The European
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After data processing — are the data good? European Synchrotron Radiation Facility

N 1/d*2 Dmin{A} Bmrg| Rfull Av_ I SIGMA Ifsigma sd Mo{Ifsd) Nmeas Nref Ncent FRGBIAS Nbias
i
1 0.0250 6. 0.028 1582 76 20.7 64 74.2 8681 684 238 = 1}
2 0.0501 4. 0.028 1850 92 20.2 76 76.4 16192 1167 244 = 0
3 0.0751 3. 0.029 2088 116 19.7 96 72.5 19596 1446 234 - 0
4 0.1002 3. 0.036 1532 87 17.5 74 62.4 23354 1675 229 = 1}
5 0.1252 2. 0.048 852 60 14.3 55 47.4 26943 1906 229 = 1}
6 0.1503 2. 0.069 515 47 10.9 49 34.1 29266 2053 224 - 0
7 0.1753 2. 0.090 424 50 8.6 53 26.9 31619 2211 220 = o
8 0.2003 2. 0.127 329 54 6.1 58 19.9 33541 2352 220 = 1}
9 0.2254 2. 0.200 245 63 3.9 66 13.6 35181 2457 208 = 0
10 D.2504 2. 0.378 156 7% 21 79 7.5 36106 2541 211 - 0
Ruvge = 2%, [1,(0K)= < 1 () 3]/5. 5,1, (k)
Ron =2, 17 () =1 (BK) 1/, 5, |1 (BK) +1- (k)72 Raom < Rierge
Ryim =2 [L/(N =Y |1, (hk)=<1(hkl) > /Z,Z 1, (hk)

Ranom  Rpiwm sl; 1/resol~2 dwax CC_anowm| N_anow CC_cen N_cen RCR_anom N_anom RCR cen N_cen CC_Imean N_Imean
020 0.011 1 0.0250 6.32| 0.653 442 -0.139 230 2.187 442 0.863 230 1.000 683
015 0.011 2 0.0501 4.47 | 0.566 912 0.014 232  1.898 912  1.009 232  1.000 1167
014 0.012 3 0.0751 3.65| 0.333 1199  0.009 224 1.413 1199 1.010 224 0.999 1442
014 0.014 4 0.1002 3.16| 0.168 1420 -0.028 211  1.185 1420 0.972 211  0.999 1671
018 0.019 5 0.1252 2.83| 0.278 1653 0.065 217  1.331 1653 1.073 217  0.999 1903
023 0.027 6 0.1503 2.58| 0.213 1809 -0.005 216 1.242 1809 0.995 216 0.999 2047
029 0.035 7 0.1753 2.39| 0.172 1972 0.049 212 1.190 1972 1.044 212  0.993 2208
039 0.050 2 0.2003 2.23| 0.107 2121 -0.046 214 1.115 2121 0.951 214 0.996 2351
057 0.078 9 0.2254 2.11| 0.049 2232 -0.056 195  1.051 2232  0.952 195  0.992 2454
109 0.149 10 0.2504 2.00| 0.064 2311 -0.043 209 1.066 2311  0.960 209 0.975 2634
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After data processing — is there any signal in the data? European synchrotron Radiation Facility

ESRF

Anomalous differences

scala statistics for XDS processed data

. /
/

? -

. Normal probability amalysis of anamalous differences g no
H ————- Anamalous differences - o a |
Zz0 Nunber Slope Intercept ‘* anomalous
2 A1 dal 16226  1.418  -0.039 AT signal

B 7 Data within expected delta 0.90: 10252  1.238  -0.037

2 L~ /

%
i
S 3 2 a0 1 3
Bexpected)

DelAnom scatter plot

scala statistics for XDS processed data

TS|I1: EI;;DFBBI‘I light Source i ESRF MX beamlines, Grenoble, February 2010
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After data processing — is there any signal in the data? European synchrotron Radiation Facility

__ XBREP Ver, 6.14 Copyright(C) Bruker-AXS 2003
0 deltalF]
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After data processing — ShelxC output European Synchrotron Radiation Facility
ESRF

260535 Reflections read from SaD file =ds_tryp_random. sca
18491 Unique reflections, highest resolution 1.999 Angstroms
2243 Friedel pairs used on average For local scaling

Resl. Inf -80-60-50-40-35-30-28-2¢6-24-22-200
Hidata) 349 445 534 1203 1174 2077 1256 1600 2230 3131 4384
Ghi-sg 0.75 0.75 0.65 0.83 1.07 0.93 1.01 0.98 1.03 1.08 1.16
<Ifsig> 75.1 754 750 754 £9.2 575 426 345 275 197 0.8
%Complete 96,4 989 99.1 958 98.2 95,0 980 957 955 957 93.5
<d"/eig> 2.66 2. 52 1.800 1,45 1.33 1.18 1.07 1.03 0.98 0.92 0.87
ceianom) 864 83.2 738 557 41.7 2.9 19.0 188 9.3 55 -2.0

For zero signal <d'/sig> and <d"/eig> should he ahout .80
13759 Reflections written to file trypsin-random fa.hkl for input to SHELED/E

18491 Reflections written to file trypsin-random hkl for input to SHELEE

le Display Appearance
- Self-Anomalous €C vs. Resolution - - <d"fsig> vs. Resolution -
Self- Anomalous CC <d"fsig>
%0 3
SAD SAD

80

70

60 2

50

40

20 1

20

10

0+ ~ Resolution [A] [ Resolution [A]

inf 200 100 67 50 40 33 28 25 22 20 inf 200 100 67 50 40 33 29 25 22 20
| Resolution [B]: 2.70  <'isig> : 1.03 |

Gordon Le

Finding Substructure — ShelxD output European Synchrotron Radiation Facility

ESRF

17 16 16 16 16 16 16

PSUM 74.49 PSMF Peaks: 55 28 23 22 20 20 10 18 18 17
5 22 22 21 19 18 17 17 11
4

Try 100:20 Peaks 99 82 80 64 64 61 60 54 28 26
R o= 0.300, Min. fun. = 0.411, <cosy = 0.415, Ra
Try 100, CC All/Weak 47.56 / 21.91, hest 49.8
BATFOM 8.80

o

&
03, hest BATFOM 2.08

File Display Appearance

- Site Occupatcy vs. Peak Number - -CCallvs. CCweak -
Site Occupancy ccan
10 50 -
Try :79 - hdd
CCall : 49.83
08 2
e el
o e
05 30 tnew?
[ e Bmare ot
oW 2P
oo
04 20

CC,, > 30% = substructure ‘solved’
CC, e reflections not used in phasing > 15%
(G. Sheldrick)

00+ Peak Number [ CCweak

100 [ Z(WE, E,) Ew — Z(wWE,) Z(wE,) ]

cc=
{ [E(WE2)Ew — (EWE,)?] - [Z(WE 2 )Zw — (ZwE,)7] }%

Fujinaga & Read, J. Appl. Cryst. 20 (1987) 517-521.
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European Synchrotron Radiation Facility

Mean weight and estimated mapll as a Function of resolution Mean weight and estimated mapCC as a function of resolution

d  anf-44d6-351 -305-276-255-240-227-217-208-200 4 dinf - 4.46 - 3.51 - 3,05 - 2.76 - 2,55 - 2,40 - 2,27 - 2,17 - 2,08 - 2,00
<wt> 0,330 0.233 0.325 0.315 0.358 0.443 0.493 0.490 0.461 0.422 oty 0,407 0.532 0.441 0.437 0.474 0.532 0.557 0.549 0.552 0.507
<mapcC> 0.467 0,336 0.452 0.462 0,535 0.673 0.723 0.745 0,73l 0.686 <nap0C> 0,595 0.750 0.650 0.655 0.697 0,778 0.795 0.806 0.818 0,769
N 1857 1848 1849 1879 1906 1787 1909 1833 1928 1695 n 1857 1848 1849 1879 1906 1787 1909 1833 1928 1695

Pseudo-free G0 = 43.43 % Pssudo-free 00 = 54.95 %

hkizmap Version, cs
play Appearance
- Contrast vs. Cycle -
Contrast

05 T
original
inverted

X I
Psendo-free CC

03 T 13.03%
54.95%

0.2 T

oL T

0.0 + + t + + Cycle

1} 4 8 12 16 20

TS"‘:’ "3'"-"953“ light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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Phasing quality — electron density maps (the real test) European Synchrotron Radiation Facility

del ¢ R - 0,311 (Rires - 0310

0.236 (pzcac = 0.288)
s = st avere.
piesred) acere.

S

cecuserea) acone.

ety atone.

st acere.

ety atone.
epee a0y
cecuserea) acone.
cvee 91
vty atone.
st acere.
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Exam ple 4 European Synchrotron Radiation Facility

XXX; S-SAD; S.G. = P3,21; 720° data; A = 1.81A (6.5 keV)
(AF/F ~1.3%)

TS"‘:’ E'::LU|333“ light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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European Synchrotron Radiation Facility

Lorer | ek | ot |

TS"‘:’ ‘z‘;’-"lmﬂ“ light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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European Synchrotron Radiation Facility

N 1/842 Dmin(4) Rmrg |Rfu1l  Reun| Ranom Rpim Normal probability plot
8
1 0.0095 10.20 | 0.035 [0.031 ©0.035| 0.015 0.008
2 0.0180 7.27|0.037 [0.034 0.036| 0.013 0.008
30.0284 5.94)0.047 10.045 0.039) 0.015 0.010 4 Normal probability analysis, by run & partiality
40.0378 5.14|0.058 [0.057 0.045|0.015 0.013 N
5 0.0473 4.60 | 0.076 |0.074 0.055| 0.013 0.018 ’ Run nusber: 1, fulls Stope Intercent
60.0567 4.20|0.08L [0.078 0.063| 0.014 0.018 ) MLdata: 313245 o.0p0 0007
7 0.0662 3.89 | 0.085 |0.081 0.068| 0.013 0.019 N Data within expected delta 0.00: 107931  0.903  0.025
8 0.0756 3.64| 0,083 [0.076 0.071| 0.013 0.018 1
9 0.0851 3.43|0.086 [0.070 0.073| 0.014 0.010 s T T T LA T 1] = Run nusber: 1, sumed partials ===
10 0.0945 3.25|0.090 |0.081 0.075| 0.014 0.020 5o ata: lusber:  Slope Intercept
11 0.1040 3.10 | 0.102 [0.090 0.077| 0.016 0.023 £ — Data within expacted delta 0.0, 216795 0.8 0.0
12 0.1134 2.7 [ 0.116 [0.101 0.079| 0.017 0.025 S
13 0.1220 2.85|0.142 [0.121 0.082| 0.020 0.031 fun musbers 1, ulls against fulls only
14 0.1323 2.75|0.152 |0.132 0.085| 0.021 0.034 2 " Nusber Slope Intercept
15 0.1418 2.66 | 0.162 |0.137 0.087| 0.024 0.036 y AL dats: 315102 0.96¢ 0.0
1 otsio 2or | oiies |o1as olos0| 0028 0040 ab— Data within expected delta 0.00: 197900 0.871
17 0.1607 2.49 | 0.208 |0.171 0.093| 0.020 0.046 7
18 0.1701 2.42 | 0.250 |0.203 0.096| 0.037 0.055 +
10 0.1796 2.36 | 0.202 |0.233 0.000| 0.042 0.065
20 0.1890 2.30 | 0.352 [0.282 0.103| 0.049 0.078 B B R 1
Slexpected)
Anomalous differences DelAnom scatter plot
ba_See
T e
4 : 8 L
3 7 br L
3 S
2 4 - T
= 1 2 0
7 3 @
50 o
i [ 5
® -2 a0
@
2 4 20
3 6 1
- o d Resotion 4]
4 s— w21 w3 77 87 48 3% 33 29 26 23
L
-4 3 1 o 1 2 3 T -8 -6 -4 2 0 2 4 6 8 1
Bexpected)

TS"‘: E'j;"l’“" light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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After data processing — is there any signal in the data? European synchrotron Radiation Facility

XPREP_Ver. 6,14 Copyright(C) Bruker-AXS 2003
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Finding Substructure & Phasing — ShelxD/E output European Synchrotron Radiation Facility

- CCail vs. CCwentk - -Site Occupancy vs. Peak Number -
ccall Site Occupancy
10
o oo Try :50
» CCall : 3253

08
0.6
04
02

CCweak 0.0 Peak Number

16 20 0 3 6 9 12 15

- Contrust vs. Cycle -

Contrast
8

original

07 inverted

06

05 Pseudo-free CC
59.02%

04 37.66%

Phasing quality — electron density maps (the real test) European Synchrotron Radiation Facility

15886 reflections { 99.31 % complete ) and 1259 restraints for refining 2109 atans.
1.98

thservations/paraneters ratio is

Cycle 41: After refimac, R = 0.299 (Rfree = 0.000).
Found 6 (6 requested) and renoved 50 (50 requested) atoms.
Cycle 42: After refmac, R = 0.278 (Rfree = 0.000).
Found 6 {6 requested) and removed 34 (41 requested) atoms.
cycle 43: After refmac, R = 0.271 (Rfree = 0.000).
10 (36 requested) atons.
Gycle 44: 000,

en
Cycle 45: After refmac, R = 0.265 (Rfree = 0.000).
Found 6 (6 requested) and removed 9 (35 requested) atoms.

Building Cycle 9 Atomic shape factors 2.24 1.74
Rownd 1: 177 peptides in 6 chains. The longest chain comprises 41 peptides.
Round 2: 172 peptides in 7 chains. The langest chain comprises 43 peptides.
Taking the results from Round 1

Last building cycle:
ain fragnents will be rearranged

Chains 6, Residues 171, Estimated correctness of the model 95.1 %

5 chains (167 residues) have been docked in sequence

The furopean light Source
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Summary European Sunchrotron Radiation Facility

» There are plenty of rapidly available
indicators as to whether data are good enough
for experimental phasing. The best one is to
actually solve the structure!

» Once you have left the beamline, its too late.

* Process/analyse data as you go along and
take your structure home with you.

* Repeat experiments if you have to - but only __if
you have to.

TS"‘: ";"1'-"!3“"' light Source Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010
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European Synchrotron Radiation Facility

Thanks for your attention!
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