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Resolution: What does it mean and what is my resolution?

Resolution (Online Dictionary of Crystallography)
is defined as the minimum plane spacing given by Bragg’s law for a particular set of X-ray
diffraction intensities (. . . used in structure refinement).

https://dictionary.iucr.org/Resolution
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Why do we have to limit the resolution? (make the cut off?)

Aim of the data processing:
Include as much experimental
information as possible.
Avoid noisy or even bad data.

Cut in resolution is important!
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How to make the right decision?

Data quality indicators:

Rmerge =
∑
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i |Ihi−<Ih>|∑
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Rmeas = Rr.i.m. =
∑

h

∑
i

√
nh

nh−1 |Ihi−<Ih>|∑
h

∑
i <Ih>

CC1/2 =
∑N/2

m=1(Im−Ī)(Jm−J̄)√∑N/2
m=1(Im−Ī)2

√∑N/2
m=1(Jm−J̄)

Further indicators: < I/σ >, Rp.i.m.,
completeness, . . .

Criteria used in past:
< I/σ >HighRes higher than 2

Rmerge lower than 0.15

Rmerge,HighRes lower than 0.6

Rmeas lower than 0.15

CC1/2,HighRes higher than 0.3

. . .

Is application of these critera useful?
Yes, but only as a starting point.
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Paired refinement - the (current) optimal way

Paired refinement requires reference data!

Does addition of new reflections improve my model?

dmin[Å]

I/
σ

2

0
∞ 1.8 1.7 1.6 1.5 1.4

reference data
analyzed shell
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Paired refinement - the (current) optimal way

Does addition of new reflections improve my model? Yes!
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Paired refinement - the (current) optimal way

Does addition of new reflections improve my model? No!

dmin[Å]

I/
σ

2

0
∞ 1.8 1.7 1.6 1.5 1.4

reference data
rejected data

final cut off
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How do I know that the model was improved?

The R-values must always be calculated using the reflections from the reference data!
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R-values in resolution shells (monitor FREE reflections!)

Rfree

dmin

0.42

d0
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R-values in resolution shells (monitor FREE reflections!)

Rfree

dmin

0.42

d0 d1 d2
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R-values in resolution shells (monitor FREE reflections!)

Rfree

dmin
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CCwork in resolution shells (monitor WORK reflections!)

CCwork

dmin

1

d0

CC∗
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Are there changes in the electron density?

P.R. Evans, G.N. Murshudov. (2013). How good are my data and what is the resolution?
Acta Cryst D69, 1204-1214.
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Are there changes in the electron density?
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Is there something practical?
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Algorithm of PAIREF

Strength of PAIREF
For both CCP4 and PHENIX users.
Number of plots and tables for purpose
of complex decision making.
Customizable selection of shells.
Fully customizable refinement scenario.
Work with ligands.
Complete cross-validation
procedure.
Refinement stability control.
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What PAIREF (currently) cannot do for you? - Model validation!

Application of external harmonics was
crucial for correct geometry of the
refinement output.

(without)

(with)
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Things to be done in PAIREF

Monitoring of the structural changes during paired refinement.

Paired refinement and anisotropic data?
- What is my reference data?
- How to scale the anisotropic data on my own?

Parallelization of processes the complete cross-validation procedure.

Improvement of the optical resolution report.

Low resolution paired refinement?

Any idea? Please, send it to petr.kolenko@fjfi.cvut.cz, or martin.maly@fjfi.cvut.cz. ;-)
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Kay Diederichs
Jan Dohnálek
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