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These slides (and many more) are available 
online:	


http://www.phenix-online.org/presentations	

!

See also:	

http://molprobity.biochem.duke.edu

http://www.phenix-online.org/presentations
http://molprobity.biochem.duke.edu


What is model validation?
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1qw9 - 1.2 Å

Trp B 170

* courtesy of Dale Tronrud

at least one person should look at the map...
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rotamer outlier











Asn / Gln / His Correction

Sulfate Binding Protein (1SBP) 

Asn A 165

* Automatically detect and correct flipped N/Q/H residues at each macrocycle	

!
* Uses MolProbity/Reduce methodology (H-bonds, clashes) to determine correct 
orientation

Misfit Correct





Ramachandran distributions



general plot comparison
Top500 Top8000

98% = Favored	

99.95% = Allowed	

Otherwise outlier

*courtesy of Vincent Chen 
and Daniel Keedy



General Glycine Isoleucine/Valine

Pre-Proline Trans-Proline Cis-Proline

Top 8000 Ramachandran Plots*courtesy of Vincent Chen 
and Daniel Keedy





Rotamers are	

tight and distinct 





Cβ Deviations

Often indicative of a wrong 
rotamer (or outlier) and 
backbone errors









Validation: basic recommendations

• The MolProbity server suggests these cutoffs:	


clashscore < 10	


Ramachandran outliers <= 0.2%	


Ramachandran favored >= 98%	


Rotamer outliers < 1%	


C-beta deviations = 0	


Overall MolProbity score <= d_min	


• There is no universal appropriate set of values for 
RMS(bonds) or RMS(angles); resolution dependent	


• but if these are above 0.02/2.0, there may be problems



General recommendations for better results

• If you are running MR, make sure the starting model is as 
good as possible	


• Re-refinement may be very helpful*	


• Unless you have atomic-resolution data, make sure you 
optimize the X-ray versus geometry weight at the final stages 
to get the best possible geometry	


• At low resolution, additional restraints are extremely helpful	


• Perform validation throughout refinement, not just 
before you deposit in the PDB or publish

* See Joosten et al. (2009) for a general discussion.  In our own internal tests with an automated wrapper for phenix.refine, we have 
found that at least 25% of PDB entries can be improved by a drop in R-free of 0.02 or greater, and another 25% by 0.01-0.02.



How to tell when your structure is “finished”

• There is no objective, absolute set of criteria for this!	


• Better questions to be asking:	


• Have all obvious geometry errors been corrected?	


• Do all residues in the model have a reasonable fit to the 2mFo-DFc 
map?	


• Is the model complete?  Have all interpretable difference map 
features been accounted for?	


• Are the various statistics consistent with (and ideally superior to) 
similar structures at the same resolution?	


• Does it make sense biologically?	


• If I were asked to review this structure from a competitor, would I 
recommend publication?



validation in PHENIX



phenix.refine results

protein kinase A!
PDB ID: 3dnd



MolProbity summary



basic geometry



Ramachandran outliers



Ramachandran outliersTop5000 Top8000



rotamer outliers



Cβ deviations



steric clashes



real-space correlation



atomic properties



Validating your electron 
density maps



Model bias: a synthetic example

Which of these maps is real?



Model bias: a synthetic example at 4.0Å



Model bias and you

(output of twinned refinement of incorrect solution, from an anonymous Phenix user)



Model bias and you

PDB ID 1z2r - Reyes & Chang (2005) Science 308:1028-31 [retracted]



Confirmation bias: even worse than model bias

See also Pozharski et al.  (2013) Acta Cryst D69:150-167.



Coping with model bias

• There are many methods to reduce model bias	


• likelihood-weighted σA-map: 2mFOBS-DFMODEL (Read, 1986; Urzhumtsev et al., 1996)	


• this is what phenix.refine and REFMAC output by default	


• OMIT map (Bhat, 1988)	


• Simulated-annealing OMIT maps (Hodel et al., 1992; Brunger et al., 1998)	


• ‘kicked’ OMIT maps (Guncar et al., 2000)	


• Model rebuilding with randomization (Zeng et al., 1997; Reddy et al., 2003)	


• Prime-and-switch density modification (Terwilliger, 2004)	


• Carry out the usual model building and refinement avoiding a specific model 
part, such as ligand	


• ‘ping-pong refinement’ (Hunt & Deisenhofer, 2003) 	


!
• Most of the above methods may or may not remove the bias completely	


• Many of these lead to reduced map quality - some may also take a long time to 
process

(Pavel Afonine)



Contouring, sigma levels, and publication graphics

Many crystallographers are tempted to make figures like this to 
demonstrate the presence of a molecule:

Problems with this figure:	

1. Calculated using model phases with 
peptide included	

2. Contour level is both arbitrary and 
relatively low (0.8 sigma as shown here)	

3. No context shown - what does the 
density for nearby atoms look like?	

4. mFo-DFc difference map not shown



Validating your model with omit maps

To thoroughly avoid phase bias, simulated annealing or rebuilding is strongly recommended

Maps calculated without part of the model should still show clear density for the missing atoms:

grey = 2mFo-DFc omit density @ 1.0 sigma	

green = mFo-DFc omit density @ 3.0 sigma grey = 2mFo-DFc refined density @ 0.8 sigma



Validating your model with omit maps

grey = 2mFo-DFc omit density @ 1.0 sigma	

green = mFo-DFc omit density @ 3.0 sigma 

grey = 2mFo-DFc refined density @ 0.8 sigma

The same peptide from two slides previous:

The “peptide density” is obviously water molecules or buffer components!



Demonstrating ligand binding with electron density

If you want to show that a ligand is present in your crystal, follow 
these steps:	


1. Solve and refine as far as possible without the ligand; save 
the final maps	


2. Add your ligand, continue refinement	


3. Use the maps from (1) with the model from (2) in your 
figures	


This avoids the problem of model bias entirely, and is also easier!	


If you already placed the ligand and don’t want to re-do step (1), a 
simulated annealing omit map is the most rigorous (and 
reviewer-approved) method to remove bias


