ESRF | The European Synchrotron

1GCPA-DLS Workshop December 2016! Experimental Pha —sing | Gordon Leonard

17/12/2016

ANOMALOUS SCATTERING AND THE PHASE
PROBLEM

GORDON LEONARD
ESRF STRUCTURAL BIOLOGY GROUP

1.

P
2
Page2  |CCP4-DLS Workshop December 20161 Experimental Pha  sing | Gordon Leonard ‘The European Synchrotron | ESRF
. CONTENTS
1. The Phase Problem
2. Isomorphous Replacement

SIR
2. MIR
3. Anomalous Scattering

1. Whatis it?

2. How can we exploit it?
1. SIRAS
2. MAD
3. SAD
4. Successful Phasing
1. Data collection
2. Data analysis

Page 3

1GCPA-DLS Workshop December 2016! Experimental Pha —sing | Gordon Leonard

The Europesn synevr




Electron density
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. STRU RE DETERMINATION

Integrated Intensities
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Picn = 2 2 2]F \exp(-2rithx +ky +12)

Fua =2 f; exp-27ihx +ky; +1z;)
]

Fia = Z [Fua lexp-27i(¢)
i

Amplitude

From an x-ray diffraction experimentwe can ‘measure’ the amplitude (IF |av/1) but get
no information about the phase. Deriving the phase is known as ‘the phase problem’
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. 'GOOD’ PHASES ARE MORE IMPORTANT THAN ‘GOOD’ AMPLITU DES

Amplitudes (colours) from
@ duck transform
v A
J -~ Phases (brightness) from
cat transform
http://mwww.ysbl.york.ac.uk/~ html
¥
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. METHODS FOR RESOLVING THE PHASE PROBLEM IN MX

1. Direct Methods
« requires high (near atomic; d,,;, ~1.2 A) resolution data, still quite rare

2. Molecular Replacement

« requires some prior knowledge of the crystal structure you want to
solve (homologous protein, etc.)

3. Experimental Phasing

1. Isomorphous Replacement
2. Anomalous Dispersion Methods
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. INTRODUCING A NEW (HEAVY) ATOM INTO A CR

1

rotein) Crystal F
P! ¥ P,

(protein) Crystal
¥

(heavy) atom

Get a different structure factor , Fpy,
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M INTO A CRYST/

. INTRODUCING A NEW (HEAVY)

Two protein diffraction patterns shifted
vertically relative to one another. One is from
native bovine B-lactoglobulin, the other from
a crystal soaked in a mercury-salt solution.
Note: 1) intensity changes for reflections in
the latter; 2) identical unit cells suggesting
isomorphism.

;IBFHFa-F,y 1

Addition of 1 Hg atom to a protein of 1000
atoms will produce an average fractional
change of intensity of ~25% so differences
should be easy to measure and data

Taylor, 6. L. (2010). Introduction to phasing. Acta Crys?. doesn't have to be that accurate
D66, 325-338.

Isomorphism + Heavy Atom = Isomorphous Replacement | 2N fH/ fp
V<Np
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. HOW IS ISOMORPHOUS REPLACEMENT DONE?

1. Collect data set from native crystal (structure factors, F;)

2. Introduce a small number of heavy atoms (Pt, Hg,) into
another crystal of the same protein

3. Collect data set from derivative crystal (structure factors, Fp;,)

4.Use differences (isomorphous differences ) to find heavy
atom positions in unit cells

5. Use these positions to initiate phase calculations

Page 10 1GCP4-DLS Workshop December 2016! Experimental Pha sing | Gordon Leonard ESRF

17/12/2016

. SINGLE ISOMORPHOUS REPLACEMENT

Fon=F,+F,

Want to calculatey,:

Imaginary

P, =, "_'(:Os_l(szh - sz -F? 12F,F,)

Phase Ambiguity

Real

| Bl Fo = 1R I

Measure |F|, [Fyyl; Calculate |Fy|, @, from heavy atom positions

e
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. GRAPHICAL ILLUSTRATION OF PHASE AMBIGUITY

centred on A

No errors shown here. What we
actually get are phase probability
distributions
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ACK OF SURE ( €) AND PHASE PROBABILITIES

1. Measurementerrors in |Fp|, |Fpy|
2. Model of heavy atom substructure

is incorrect (minor sites not

included)
3. Native and heavy atom derivative

crystal are not isomorphous

- 1 2 2 2
&, =0, tcos (F,,—F, —F /2F F)
Imaginary

€ =1 F pions 11 Fprcca |

=IF s I IIIF, lexpg, ¥ IF, lexpia) N1l
P(a,)aexpe? | 2E?)
e=<[F

2
pHobs pr(ca\c)] >

Real
Blow, D. M. & Crick, F. H. C. (1959). Acta Cryst. 12, 794-802.

o
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. SIR PHASE PROBABILITY DISTRIBUTI

Ey circle

- . cnmedon®
7 .

Fy circte
centredon A

e
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SECOND DERIVATIVE RESOLVES THE SIR PHASE AMBIGUIT Y

circle

N contred on B
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HASE PROBABILITY DISTRIBUTIONS

1. Measurementerrorsin |Fp|, |Fpyl

2. Model of heavy atom substructure
is incorrect (minor sites not
included)

3. Native and heavy atom derivative
crystal are not isomorphous

Fon # F, +F,

024

The most probable phase is not be the best phase

N to use in map calculations. The centroid phase
g \ (best phase) gives the least error in the Fourier
S \ \ map.
\ \

 contoiat

S0 me %00 w0 a 20 %0

1 .
Plxyz) ZVZ‘:EZ My thkI |exp[-Z7i(hx +ky +1z) - @, ]

o
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. THE FIGURE OF MERIT

Y P(Aa)cospa)
m=
> P(Aa)

m = probability that centroid phase is correct

P(Aa) = probability that Aa is the true phase.

° m=0.866 => phase error = 30°
m=10 => phase error =0°

Controwd o} m=0.0 => phase error = 90°

m=05 => phase error = 60°

L | I A

1
100° o 200° 300°
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Aa = phase angle measured from the centroid phase.

. THE RESULT OF IMPROVING EXPERIMENTAL PHASES

Mean phase error = 53°

Phase
Improvement

Mean phase error = 41°

o
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. WHAT CAN HAPPEN WHEN A HEAVY ATOM BINDS TO A PROTEIN IN A CRYSTAL?

Good Not Good Not Good

17/12/2016

+ Heavy atom
—_—

or or

If heavy atoms don't bind to protein - or are not ordered in the crystal
- then there will be no intensity differences

Binding of heavy atom to protein in crystal can cause protein to rotate
and/or translate in unit cell and/or unit cell dimensions to change
Non-isomorphism: For a 100 & cubic unit cell a 0.5% change in

unit-cell dimensions or a 0.5° rotation of the molecule within
the unit cell would produce an average 15% change in infensity.

o
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. NON ISOMORPHISM (AGAIN)

Adding heavy atoms to protein crystals can cause the protein molecules to rotate

and/or translate inside the unit cell. This induces non-isomorphism between
native and derivative crystals

Fon ® F, +F,

To help get around this take advantage of anomalous scattering
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. NORMAL SCATTERING

X-ray photon interacts with the electrons in the atoms of the

sample. Atomic scattering factor f proportional to atomic
number, Z, of atoms

f=f
hv grm aton Foa =) f.exp-2mi(hx +ky +1z;)
AN # ttered phot hki z}: i % i i

incident photon

Fo = Z [Foa lexp-273(¢)
j

All atoms scatter X-rays in the same way. Friedel’s Law is obeyed
| P FIF-_- |
hkl Kl

Page 21 1GCP4-DLS Workshop December 2016! Experimental Pha sing | Gordon Leonard

The Europesn Synehvotron




. BUT, ELECTRON SHELLS IN ATOMS HAVE X-RAY ABSORPTION EDGES

10000
s M
1o000) |
\\
N
100 i E
10 Mote: 3
Dioth azes are

1 inloganthmic scaling!

absorption coeffcient [au]

0.1 Lo 4 Fasnn, eusH wurresra 7 iR

100 1000 10000 100000
photon energy & [au]

At incident X-ray energies close to absorption edge s scattering
from atoms is no longer normal
£¥

Page 22 1GCP4-DLS Workshop December 2016! Experimental Pha sing | Gordon Leonard The Europesn synemvotron | ESRE

17/12/2016

. NORMAL SCATTERING IS MODIFIED CLOSE TO AB: PTION E Dt

Photons interact with the electrons in
the atoms of the sample.

hy (::Eteredphntnn
Depending on the photon energy the AN~ < % >
probability of absorption changes. incident photen
re-emitted photon
’11 (fluorescence)
At photon energies close to
absorption edges of a given atom,

some photons are absorbed by the - lﬁummm

atom and electrons are ejected from
its inner shell. I~

energy levels available to electrons
involved in scattering the photon

Electrons from higher energy shells
decay to IOWer energy She”s emlttlr‘lg http:/fwww.bmsc.washington.edu/scatter/AS _tutorial.htm!
fluorescence as they do so

e
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. SCATTERING FA( RS AT X-RAY ENERGIES CLOSE TO AN ABS ORPTION EDGE

p Treat electron shells as
ssesesese . R harmonic oscillators with
wpeeei i P o fi ies close t

! o s resonance frequencies close to
ay | : W»s . energy of shell absorption
x&_k & 10 i Kk edge. Scattering factor modified

so that:

- f=f,
£ F,cost 0‘ t

aespmuﬁvﬂvﬂvﬂm Scattering factor modified in
ot phase
+ t

: such a way that it has
additional, wavelength(energy)-
dependent dispersive (f) (real)

VIV V™ f and absorptive (f”) (imaginary)

Dispersion absorption terms

o
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SCATTERING FRIEDEL'S LAW IS NO LONGER OBEYED

o f=f,+f () +if (1)

IFiw #IF_ fie.F ¢)PIF )]
i) AF,, =IF €)= [F )l

Fo= IF &)+ IF Ol
2

We can use the anomalous difference to (help) solve the phase problem.
The larger ", the bigger anomalous difference and the easier (in principle) it
will be to solve the phase problem

2%
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f=f +f(A)+if (1)

wnsmission_ Muorescence W

Experimental fluorescence scan

scattering factors

F@)= @/ [t @)/ (w7 - o e
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. MAXIMUM SIGNAL: EXPERIMENT DIFFERS FROM THEORY. DON'T RELY ON
TABLES

Cu K-edge in blue copper protein

X:ray encray in oV
JM Guss, EA Merritt, RP Phizackerley, B Hedman, M
Murata, KO Hodgson, & HC Freeman (1989). "Phase

by ltiple X-ray 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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. USING ANOM, SCATTERING - SIRAS PHASING

f=f +f (1) +if (A)

If in an SIR experiment we
measure F, (native crystal) and
both Fy,* and Fy, for the
derivative crystal we get three
phasing circles. Hence no phase
ambiguity

So, need only one derivative
thus less chance of non-
isomorphism

o
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. PHASING USING SAD

f=f +f (A)+f ()

SAD results (like SIR) in phase
ambiguity. But can use this
technique to solve the phase
problem.
e Also allows the solution of the
phase problem by collecting
- data from native crystals of
macromolecules (i.e. no
\ derivative). Exploits small
available from S or P at the
wavelengths we can routinely
access.

R
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. WHY DO WE CARE ABOUT F"?

F=1+F(A)+if (D) If we at collect data at
. different wavelengths about
. - absorption edge then F, at
) different wavelengths
ME changes

. AF £ A2F

)\ZF
DISPERSIVE difference:

AF, _l/\l ki |_|“Fnk\ |

disp |

By combining measurement
of anomalous and
dispersive differences we
can solve the phase
problem using HA
derivatives in MX without
measuring data from a
native crystal. How? .
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f moderate,

f'at minimum, " moderate
motlierate value ¢ moderate,
of f
" large
R s
R
. 7
1%
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. MAD HICH WAVELENGTHS'

120
100 .
»
. H
3
T w0 i
H g H
g \‘x H
H rs
5@ A 2
z i
> i
3 B
£ 40 L1 128891keV H
2 12668 kov
o 130140 keV
20 S Tokev
s
S50 ] 7 ] ) R

Erera (ke¥)

“From a practical point of view a larger “---while a larger difference in " will
 will give more accurate values for the Provide better discrimination in

possible solutionfof the phasg...” resolving the [phase] ambiguity”
Woolfson & Fan, “Solving Crystal Woolfson & Fan, “Solving Crystal
Structures” (1995) Cambridge Structures” (1995) Cambridge
University Press University Press

To maximise f' need to collect two data sets: (1) at inflection point. (2) (preferably) high energy
remote. So, a typical MAD experiment uses three wavelengths (peak, inflection point, remote);
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. MAXIMISING AF’ AR L- ABSORPTION EDGES

Hg L-edges

X-ray wavelength in &

3 1124 10sA  099A 093k  08sA 084k 0798 076k

% 15.0e

§ [Py —

E [y —

% 10.0e

: \—'\J\-’\_

£ soe

E 0.0e

3 soe

£ oo - 18e

§ 1soe Af' ~ 10e-

% PR

% -20.0e \

g 11000 12000 13000 14000 15000 16000 17000

X-ray energy in eV
NB: Efficiency of Pilatus detectors is not optimal at high energy
¥
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. SAD PHASING

5

i
= [ ()
g k «
L1 nzessiey S
2 12880 keV i
u L3140 keV jure™
zof ~ Cet1okev 3

JU——
%250 e i T Tiae &
Erear e

SAD results (like SIR) in phase ambiguity. But can use this technique to solve the
phase problem. Usually need redundant data.

ntenety Grotrary unte)
%
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ENERGY OF ABSORPTION EDGES COMMONLY USED IN PHASING PROCEDURES

Absor ption edges useful for anomalous scattering experiments
I T T T T T T T T T T T T
|
1 gl
Lafepe pRIP S m EnGA Th Dy Ho Er T
Lledges | | &"Smtuaan»;n‘f?m.““ "YLLHETa W Re 0s e p g

Taw Re Oz b pt 4

T HE TR om

PN NENGATLD JHOE T BLu HE Ta Po oAt R Fr
TGALDHOE MV SLU NI TS W pe g 1r Py AW HE T1 Pb BI Po At Rn Er Ra A Th e 00 ©

1
|
|
1
1
Kyedges Mn Fe Co M Cn Zn Ga Ge As Br Kr Rb Sr Y Zr Nb

Mo
1 Culy 10A
I L L L L 1 L 1 L L L L L L
| 7 ] 9 10 11 1z 13 1 15 16 17 18 19 3
1 X-ray energy in keV
1
e
L
Page35 1CCPA-DLS Workshop December 20161 Expermental Pha s | Gordon Leonard he Eropesn ynctvotron | ESRE

. PHASING EXPLOITING ANOMALOUS SCATTERING

=

.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*,c*) 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*)
-3mi 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 ~6¢° ~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.In MAD have to collect a lot of data from one crystal —
radiation damage is a problem

e
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. (S)MAD INTENSITY DIFFERENCES ARE MUCH SMALLER THAN FOR IR

L ) 1 AN, - fA" | max K absorption edges: f'4e ; can
Dispersive ‘= ﬁ? rise to6-7e with ‘white line’. Af’
< >
T

usually has a maximum aroufie ;
can rise to-10e if far from edge.

L absorption edges: f' usually has a
maximum around2e; can rise to
~30e with ‘white line’. Af' usually
has a maximum arourie; can rise
to > 20e if far from edge

(J. Smith, Curr. Opin. Struct. Biol. 1, 1991)
For comparison, Hg hasZ=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
1 4N, 2f°
<AL > aom = e

—_— (3. Smith,Curr. Opin. Struct. Bioll, 1991)
N2 <|F, >

4 o vtod @ catngtated | Lot Headines | s

| Bookstore |[ My Book || s ||

Home > Crystallographic Web Applets

-
=
|

http://www.ruppweb.org/new_comp/anomalous_scattering.htm
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. METHODS FOR S/MAD DATA COLLECTION - |

The Random Orientation ‘Technique’ — Here the 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
redundant anomalous data are obtained.

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

Takes no real account of factors that can adversely affect

intensities (absorption, different detector position for
diffraction spots)

e

Page 41 1CCPA-DLS Workshop December 2016! Experimenal Pha — sing | Gordon Leonard

The uropean synchvotron | ESI

&
&

. \TA COLLECTION STRATEGIES AND DATA QUALITY PREDICT IONS

Indexing

Integration DNA/EDNA

Strategy

Optimized plan for data collection
Predicted data quality statistics

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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. METHODS FOR S/MAD DATA COLLECTION - II

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 throug h
crystal (absorption).

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

Freidel pairs measured with the same multiplicity
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. METHOD. S/MAD DATA COLLECTION - lIl

The ‘Set-Crystal' Method — Here 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.

(Mini-)Kappas make this straightforward

Page 44 1 CCPA-DLS Workshop December 20161 Experimanal Pha ~sing | Gordon Leonard
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. USING KAPPA GONIOMETERS

S Aday - Imtdisec_data_idZ3sh_in os1.09102004hau_3.004... £ B

st ov10m0anten1 o1, EJEIE)
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. A ‘PROBLEM’ WITH SET CRY METHOD

ledion ~_ Ewald Sphere
g
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The ‘Blind’ Region:

Shaded region will
through Ewald Spl
to collect data in

never pass
here. Need
a second

orientation to ensure data is

properly complete.

Size of blind region: 2
2dmin

The Europesn synemvotron | ESRE
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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
Whatis the expected anomalous signal?

+  Before data collection

Experimentally measure absorption edge
What will the data quality be?
After data integration and scaling

Whatis the real data quality?
Is there any anomalous signal in the data?

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

Substructure determination

« Correctireasonable number of heavy atom sites
« Correlation coefficients

Phasing
« One hand significantly better than the other?

« Whatdoes ‘best electron density map look like?
« Does auto-building work?
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. AFTER D, PROCESSING - ARE THE DATA GOOD?

Rfall Rewn Ranom Nemom AT  STONA I/sigmna o4 Na(I/sd) Neess Neef Moent FRODDS Nbias

0.026| 0,021 0.025 0058 2653 9951 1851 21.4 191477 9062 3011 400 0,004 €975
0.025| 01023 0.027 0,051 3545 Sii0 2651 131 263 46.0 2425 960 422 -0.005 5294
0.025| 0,023 0026 0,063 4930 2328 1ile 20,9 127 4L.1 33306 Saes 488 0,002 12925
0.034| 0,020 0.029 0,072 SS15 1654 890 15,5 9538.5 37261 5971 484 0,005 14544
0.037| 01031 0026 0072 g0is 1304 7n.1 7.9 94354 40025 642 45 0.002 1566
0.084] 0,038 0031 0,075 eSSz 1098 7L8 35,2 T3 3L5 46195 7304 487 0,003 18090
0.054| 0,046 0.031 0,080 7265 855 66.1 12,9 6129z 4301 709 48¢ 0,006 15251

Ro = S5, |1 (0K )= < 1 (k) > 12,51, (hid )

Normal probability plot

. A
/

1 oo R e 1, sumed partials —-oee-

* e

El [IEPRETR ]

0
Bexpectal) -
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IN THE DATA?

. AFTER DATA PROCESSING - IS THERE ANY ‘SIGN.

we  wm
s B

43624 6934 495 0,006 17079
6130 708 07 0.omy 10030

o az Dminis Reail AT STONA signa o4 NMa(I/sd) Neess Neef Moent FRODDS Nbias
5
1 0.0280 .09 3534 16,0 210 159519 10843 1696 334 -0.003  dled
2 00500 21 3551 165.1 214 191 47.7 062 3044 400 0004 6975
| 3 oloms0 o2 S1a0 2631 .1 263 450 24252 3me0 a2 o.oms 234
s 011250 27 a1l a8 .oz 12925
6ol
50l

Ruge = ZnaZ, |1, (K1)~ < 1 (hkI) >|/£,%,.,1, (hKI)
Ripon = Zna 17 OK)= 17 OK]/Z,,, (17 (KD+ 17 (K112

Ranom > anerge?
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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)

O = (1" = 1) [0* (1) + o*(11)]™

Anomalous differences.

P Norwal probability analysis of anowalous differences

Anonslous difesences

Slope Intercept
an R 400 0.081
Data within expucted delta 0.00:  3095¢ 8724 0063

/
s 3
s

(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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f

peak

> f

remote

> f

. MAD DATA SETS

edge
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W wer e T T T T

Energy (keV)

Slop,, > SIope,,. > Slope, |

| Tl | CCnom (PK/ip)
CCanom (Pk/rm)
Evans, P. (2006). Acta Cryst. D62, 72-82 CCanom (ip/rm)

"
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AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DA T/

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

- G no
g -
b signal

Strong
anomalous
signal
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The Eurcpean Syrchvotron

. ATA PROCESSING — SUMMARY

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

Overall InnerShell OuterShell
Low resolution limit 39.81 39.81 2.11

High resolution limit 2.00 6.32 2.00
Ruerge 0.033  0.023  0.05¢
Rmerge in top intensity bin 0.025 -

Rmeas (within I+/I-) 0.039  0.027  0.065
Rmeas (all T+ & I-) 0.075  0.073  0.103
Rpim (within T+/I-) 0.021  0.015  0.035
Rpim (all T+ & I-) 0.030  0.028  0.040
Fractional partial bias 0.000  -0.003  0.006
Total number of observations 335117 10954 49295
Total number unique 53920 1724 7768
Mean((I)/sd(1)) 35.6 54.3 24.7
Completeness 98.1 93.4 97.6
Multiplicity 6.2 6.4 6.3
Anomalous completeness 98.0 97.5 97.5
Anomalous multiplicity 3.2 3.6 3.3
Delanon correlation between half-sets 0.833  0.930  0.795
Mid-Slope of Anom Normal Probability 3.724 -

FAE; AF/F ~5.4%; A =0.97 A (S.G

=P2,2,2,; 160° data)

"
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AFTER DATA PROCESSING — SUBSTRUCTURE DETERMINATION, P HASE CAL!

AND ELECTRON DENSITY MAPS

2 Vrson 2. SIELXC s
e Dty peeans

[T ———— <t . Reoltion
“

17/12/2016

' i —
e I
=X ~ .
2 ;
g / 3 Iy 1
|
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g
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Aslightly less clear-cut example.
e
e
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AETER DATA PROCESSING — IS THERE ANY SIGNAL IN THE DA TA?
0 i e ) B
Toaun s o0 s 20 s
Doaie 530 ok o s e
Soaa 5 e
oo 1
Do
S |
o0t 3
<o 3
h
:
; H
: i
: e
b i@
b i
i e = i
Ruvon = 5%, 11 (1K= < 1 (1) >/ 5, (kD)
R =y I 6K )= 17 6K)I/E, |1 (K)+ 17 (k) /2
Ranom > Rmerge? Hmmmm
g
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. AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DA TA?

R;im. (Precision-Indicating Merging
R factor; Weiss, M. S. (2001). J.
Appl. Cryst. 34, 130-135; a measure
of the quality of the data after
averaging the multiple
measurements.

A better indicator is the
Fi0 Rapon/ Ry 1m: Rasom
= signal, R ;. = noise.
(Weiss, M. S., Sicker, T.
& Hilgenfeld, R. (2001).
Structure, 9, 771-777;
Panjikar, S. & Tucker, P.
(2002). J. Appl. Cryst.
35, 261-266.)

=55, |1, (ki) < 1(hki) | /55,1, (hk])
Ru = Zpy |17 OKI)=17 K[ Z,, 17 (kD) +17 (kD) |72

Ryt = Zo [N = 772, |1, (hkl)- < 1 (hk) >/ 22,1, (hk]) R. / Rp >12?
nom. im. LS
"

Page 58 1CCP4-DLS Workshop December 2016! Experimental Pha sing | Gordon Leonard The Europesn synemvotron | ESRE

17/12/2016

. DATA PROCESSING - IS THERE ANY SIGNAL IN THE DA TA?

Normal probability plot - anomalous differences

Anomalous differences

; /

ozl i Ling wals

o Si2fecen

Stotmerned)

Ias vizkin zypetad

1 ER
Bexpectaty

(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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. DATA PROCESSING THERE ANY SIGNAL IN THE DA TA?

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?

et s o e e X e

s en

- 4 no
: P .ﬁ' anomalous
. signal

strong
anomalous
signal

"
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AFTER DATA PROCESSING — IS THERE ANY SIGNAL IN THE DA TA (XDS)?

SUBSET OF INTENSITY DATA WITH SIGNAL/NOLSE >= 0.0 AS FUNCTION OF RESOLUTION PR
RESOLUTION  NUMBER OF REFLECTIONS  COMPLETENESS R-FACTOR R-FACIOR CONPARED I/SIGMA Remeas Rurgd-F [Anomal Sighno| Nano
LIMIT  OBSERVED UNIQUE POSSIBLE  OF DATA ved expected Corr

SLl% BB 40 2315 SLO7 4k 2.4% | e 302
7% S% 41% a819 013 A4y 2.6% | 616
o5i6% 4 4% 6017 2751 508 3% | s 808
o56% 4% 43% 00 2710 513 3.2% | s 033
o5 8% 408 4 79: 2.2 4h 2.0k | 7 1062
Lg% 4% 43%  BE0 2650 508 3.0% | 76% 153
o5 4% 4l 040 2486 528 3.6k | 72 1274
058k 4% 48 10555 2530 S 3.0% | 6 1408
95.1% Sax s 147 2110 63% 46N | 66 1512
osE%  6e% 6% 121l 1785 s 6.3 | 6 1612
S47% BN B3 12750 1551 9.3%  7.8% | 5 1661
o— = L o it B 1735
3 T 1208¢ 1384 1152 13065 12.4% | 4%
s Iax 70 784 17 2008 | 3%
& 1 64 686 1685 2378 | 254
8 138 7308 600 185  25.0% | 20%
- L% leqw  T7e  sa4  zpun max | am—
T Tl 26 36.0% | 1o%
% 2250 7or 303 200 N | 126
5 2008 662 547 R0% 46K | 126
120 65586 % sa% e 1406 6.6% 108 | 605 156
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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%)

e

23
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AFTER DATA PROCESSING - ARE THE DATA GOOD?

Rfull Rowm Ranom Nanom  Av_I SIOMA I/signa sd Mn(I/sd) Nmeas Nref Ncent FRCBIAS Nbias

0.028 0.028 0.020 446 1582 76 20.7 64 74.2 868l 684 238 - 0
0028 01028 0,015 923 1850 92 20.2 76 76.4 16192 1167 244 - 0
00029 00029 00014 1211 2288 116 19.7 9 72.5 19596 1446 234 0
00036 01031 0,014 1442 1532 8 17.5 74 62.4 2334 1675 229 - 0
0.048 0,033 0.018 1675 852 60 143 55 47.4 26943 1906 229 - 0
0.063 0.037 0.023 1824 515 47 1003 49 341 29266 2053 224 - 0
0.030 0.041 0.023 1989 121 50 8.6 3 26.9 31619 2211 2 - 0
0.127 0.046 0.033 2131 39 54 6.1 58 199 33541 232 220 - 0
0.200 0.053 0.057 2248 245 63 3.9 66 13.6 35181 2457 208 - 0
0.378 0.062 0.109 2337 156 75 2.1 79 7.5 36106 2541 211 - 0

Normal probabiliy plot

Sorval prabability malyais, by s & pactiality
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. AFTER D, PROCESSING - ANY SIGNAL?

Roun [Ranom| Nanom  Av.I SIGNA I/signa  sd Mn(T/sd)

§%

10.0250 6.32 028 |0.020| 446 1582
20.0501 4. 028 |0.015| 923 1850
30.0751 3.65 029 |0.014| 1211 2288
40.1002 3.16 031 |0.014| 144

50.1252 2.83 033 (0.018| 1675 52
60.1503 2.58 037 (0.023| 1824 515
7001753 239 0.029| 1989 24
80,2003 2.23 0.039| 2131 329
90,2251 2111 057 2248 245
10 0.250¢ 2.00 0.103 2337 156

Ruge = 2%, |1, (1K1Y= < 1 (0KI) | /22,1, (hKI)
Ruen =Ty 17 0K)= 17 QK[ 2,,, 17 (K1) + 17 (K1) /2
R, =T [N = D"2%, |1, (hkl)= < I (hkl) > /%5, 1, (hk)

(R

/T,m/;(, in <71j2>
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76 20.7 61 74.2
76 76.4

Fpin e =
0.011 1 0.0250 6.32) 0.653| 442 -0.139 230 2.187 442
0l011 2 0.0501 4.47| 0566 12 0014 232 1.898 912
0.012 3 00751 3.65 0333 1199 0,009 224 1.413 1199
0.014 1 001002 3116 0.168| 1420 -0.028 211 1.185 1420
0.019 5 01252 2.83 0.278| 1653 0.065 217 1.331 1653
0.027 6 0.1503 2.58| 0.213| 1809 -0.005 216 1.242 1809
0,035 7 01753 2.33| 0.172| 1972 0.049 212 1.190 1972
39 0.050 8 0.2003 2.23 0.107| 2121 -0.046 214 1.115 2121
0.078 9 0.225¢ 2.11| 0.049| 2232 -0.05 195 1.051 2232
9 0.149 10 0.2504 2.00| 0.064| 2311 -0.043 209 1.066 2311

8681 681 238 - 0
16192 1167 244 - 0
19596 1446 234 - 0
233 1675 229 - 0
26943 1906 229 - 0
2921 2053 224 - 0
31619 2211 20 - 0
3341 232 20 - 0
/181 2a57 2B - 0
36106 2541 211 - 0

(" Reon<Ruage

c

ROR_cen  N_cen CC_Imean N_Inean
0.863 230 1.000

1009 232 1000 1167
1010 224 0.999 1442
0972 211 0999 1671
1073 217 0999 1903
099 216 0.999 2047
1044 212 0.9 2208
0951 214 0.9 2351
0952 195 0.992 2454
0960 209 0.975 2534

The Europesn synemvotron | ES
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. AFTER DATA PROCESSING - IS THERE ANY SIGNAL IN THE DA TA'

Anomalous differences
Sl statisic o XDS prcessed dsa

Bepeciedy
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DelAnom scatter plot

The Eurcpean Syrchvotron

. AFTER D PROCESSING — SHELXC/SHELXD/SHELXE OUTPU'

Pl Dy s

i

To
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