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Spots: 

Caused by elastically scattered X-ray photons 

Presence of reflections in Bragg condition 

 

Reflections: 

Identified by hkl index 

Related via 

 (Non-)crystallographic symmetry 

Overall electron density 

 Free-Lunch-Equation 
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Structure Factors: 

Phases 

Amplitudes 

 

Diffraction experiment: 

No Phases 

Intensities (Amplitude²) 

 

Phase problem 



Kevin Cowtan via Taylor (2010) Acta D 



Garman (2014) Science 



Initial Model: 

Experimental amplitudes 

...‘some‘ phases 

 

‚Some‘ Electron Density: 

Place atoms in electron density 

Calculate resulting electron density map 

Generate phases 
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‚Some‘ Electron Density: 

Place atoms in electron density (Echem) 

Calculate resulting electron density map 

Generate phases 



Refined Model: 

Experimental amplitudes 

Generated phases from previous iteration 

 

Reasonable Electron Density: 

Place atoms in electron density 

Calculate resulting electron density map 

Generate phases 



Final Model: 

Experimental amplitudes 

Generated phases from previous iteration 

 

Stop when: 

Calculated structure factors matches  
observed structure factors 

 

 

Rwork ≤ 20% 



Problems: 

Phases have a stronger influence on the output 

You are adding more parameters to your model 
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PDB files: 

1 atom: 3 coordinates 

Atomic B factor 

 

Multiple conformations: 

+3 coordinates +1 B factor 

 

Anisotropic B factors: 

+5 B factors 

 

Waters, Ligands, Metals, Hydrogens, ... 



Longenecker et al. (2010) Acta Cryst D 

1FST 

2.5 Å 

 

2,314 atoms 

9,256 parameters 

 

13,241 unknown phases 



Yes, the atoms are not independent 

But neither are the reflections 



With four parameters I can fit an elephant, and 
with five I can make him wiggle his trunk. 

attributed to  von Neumann 



Mayer et al. (2010) AAPT 
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RWork, RFree & Coordinate Error 



Low resolution: 

Few observations 

 

High resolution: 

Many observations 

 

Truncating to lower resolutions: 

Great R values! 



Turns out: 

Structures were too perfect 

and therefore rubbish 

 

RFree and MLE had massive impact 
on structure refinement 

 
Did you notice the inverted chain study on p390? 



RWork: 

Perfect structure with enough parameters 

 

RFree: 

Keep out part of the reflections 

See how well they can be predicted 

How much? Well... 
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RFree: 

Choose 10% of structure factors at random 

 

Actually: 

Don‘t choose them completely at random 

Make sure they are well-distributed across 
resolution bins 

Friedel pairs 

Crystallographic symmetry 

Free-Lunch-Equation 

Do you know where your phases came from? 
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Refine your structure: 

If Rfree does not go down, something is wrong 

 

Congratulations 

You are now using Rfree in refinement.  

Becomes obvious on p394 



Refine your structure: 

If Rfree does not go down, something is wrong 

 

Congratulations 

You are now using Rfree in refinement. 

Becomes obvious on p394 



Validation: 

Now you want to do ten-fold cross-validation 

 

Enjoy re-refining the same structure 
9 more times 

While you‘re at it: 
Ideally you want to do ‚leave-one-out‘. 



Validation: 

Now you want to do ten-fold cross-validation 

 

Enjoy re-refining the same structure 
9 more times 

While you‘re at it: 
Might as well do ‚leave-one-out‘. 



RFree allows assessment of refinement models 

Adding waters 

Solvent flattening 



A Posteriori RFree  

I don‘t trust it 



You shouldn‘t either 

If you do use molecular replacement, 
make sure to reuse the RFree set. 

Otherwise your results will be tainted. 


