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Are my data good enough for 
experimental phasing?

(or, ‘Have I solved my structure?’)

Gordon Leonard

ESRF Structural Biology 
Group
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Some Interesting Statistics

191382574ID29
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201292628ID23-1

31802510ID14-4

111421576ID14-2

171312179ID14-1

Depositions/DatasetPDB DepositionsDatasetsBeamline

2008 (Excluding Industry)

261383554311173635ID29

6933226454452442ID23-2

35129447647944391ID23-1

41803275111331401ID14-4

121421677131311648ID14-2

171312268191072027ID14-1

Depositions/DatasetPDB DepositionsDatasetsDepositions/DatasetPDB DepositionsDatasetsBeamline

20082007

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’
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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• 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. 

Summary
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‘Success’ indicators are available at all stages of the 
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 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
• 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
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Which absorption edges do we target
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Before a full data collection – data quality predictions

Optimized plan for data collection 
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Example 1

FAE; Se-SAD; S.G. = P212121; 160o data; λ = 0.97 Å
(∆F/F ~5.4%)
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After data processing – are the data good?
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After data processing – is there any signal in the data?

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=

2/|)()(|/|)()(| hklIhklIhklIhklIR hklhklanom

−+−+ +Σ−Σ=

?mergeanom RR >
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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 differences δanom = (I+ - I-) /[(σ2(I+) + 
σ2(I)]1/2. 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)

(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?

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

no 
anomalous 

signal

Strong 
anomalous 

signal
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Data processing – Summary
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Is there signal in data?  – anomalous difference Patterson
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After data processing – is there any signal in the data?

HKL2MAP: Pape T & 
Schneider TR (2004). 
HKL2MAP: a graphical user 
interface for phasing with 
SHELX programs. J. Appl. 
Cryst. 37:843-844.

SHELXC: Sheldrick GM 
(2003). Goettingen
University.

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
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Finding Substructure – ShelxD output

CCall > 30% = substructure ‘solved’
CCweak; reflections not used in phasing; > 15%

(G. Sheldrick)
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Phasing quality – ShelxE output
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Phasing quality – electron density maps (the real test)
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MAD data sets

''''''
edgeremotepeak fff >>

edgeremotepeak SlopeSlopeSlope >>

CCanom (pk/ip)
CCanom (pk/rm)
CCanom (ip/rm)

Evans, P. (2006). Acta Cryst. D62, 72-82
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Isomorphous Replacement
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Example 2

XXX; Zn-SAD; S.G. = P1; 360o data; λ = 1.28 Å
(∆F/F ~4.2%)
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After data processing – are the data good?

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=
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After data processing – is there any signal in the data?

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=

2/|)()(|/|)()(| hklIhklIhklIhklIR hklhklanom

−+−+ +Σ−Σ=

?mergeanom RR > Hmmmm………
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After data processing – is there any signal in the data?

)(/|)()(|)1/(1[ 2/1

.. hklIhklIhklINR ihkliiihklmip ΣΣ><−Σ−Σ=

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=

2/|)()(|/|)()(| hklIhklIhklIhklIR hklihklanom

−+−+ +Σ−Σ=

Rp.i.m. (Precision-Indicating Merging 
R factor; Weiss, M. S. (2001). J. 

Appl. Cryst. 34, 130-135; N = 
number of observations of a given 

reflection)  
is a measure of the quality of the 
data after averaging the multiple 

measurements.
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After data processing – is there any signal in the data?

A better indicator of anomalous signal is, 
perhaps, the

ratio Ranom/Rp.i.m.; Ranom = signal, Rp.i.m. = noise. 
(Weiss, M. S., Sicker, T. & Hilgenfeld, R. (2001). 
Structure, 9, 771-777; Panjikar, S. & Tucker, P. 

(2002). J. Appl. Cryst. 35, 261-266.)

?2.1/ ... >mipanom RR

Slide: 28
Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010

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 differences δanom = (I+ - I-) /[(σ2(I+) + 
σ2(I)]1/2. 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)

(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?

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

below 30%?

no 
anomalous 

signal

Strong 
anomalous 

signal

Slide: 30
Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010

After data processing – is there any signal in the data?
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Is there signal in data?  – anomalous difference Patterson
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After data processing – ShelxC output



Slide: 33
Gordon Leonard, Getting the most from the ESRF MX beamlines, Grenoble, February 2010

Finding Substructure – ShelxD output

CCall > 30% = substructure ‘solved’
CCweak; reflections not used in phasing > 15%

(G. Sheldrick)
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Phasing quality – ShelxE output
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Phasing quality – electron density maps (the real test)
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Example 3

Bovine Trypsin; S-SAD; S.G. = P212121; 360o data; λ = 1.77Å (7.0 keV)
(∆F/F ~1.4%)
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After data processing – are the data good?

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=
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After data processing – are the data good?

mergeanom RR <
)(/|)()(|)1/(1[ 2/1

.. hklIhklIhklINR ihkliiihklmip ΣΣ><−Σ−Σ=

)(/|)()(| hklIhklIhklIR ihkliiihklmerge ΣΣ><−ΣΣ=

2/|)()(|/|)()(| hklIhklIhklIhklIR hklihklanom

−+−+ +Σ−Σ=

2.1/ ... <mipanom RR
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After data processing – is there any signal in the data?

no 
anomalous 

signal

Strong 
anomalous 

signal
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After data processing – is there any signal in the data?
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After data processing – ShelxC output
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Finding Substructure – ShelxD output

CCall > 30% = substructure ‘solved’
CCweak; reflections not used in phasing > 15%

(G. Sheldrick)
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Phasing quality – electron density maps (the real test)
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Example 4

XXX; S-SAD; S.G. = P3121; 720o data; λ = 1.81Å (6.5 keV)
(∆F/F ~1.3%)
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Crystal Screening
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After data processing – are the data good?
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After data processing – is there any signal in the data?
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Finding Substructure & Phasing – ShelxD/E output
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Phasing quality – electron density maps (the real test)
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• 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.

Summary
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Thanks for your attention!


