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X-ray data to final model

https://validate.wwpdb.orghttps://www.rcsb.org/docs/additional-resources/structure-validation-and-quality

Validation task force (2008) 



The crystallographer ideally has knowledge of:

• history of the protein sample

• the biology of the system

• Solid foundation in chemistry & physics

Understands :-

• data collection and processing, space groups, (t)NCS, twinning

• refinement process and software

• Experience in map interpretation

Read the relevant literature and remember

Modern day Crystallography
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Modern day CrystallographyModern day Structural biologist

“Jack of all trades master of none”
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DATA Scrutiny

Anomalous scatter location

Molecular Replacement 

Impact of Alphafold

IMPROVEMENT

PHASE DETERMINATION

Resolution, R-factor, CC* 

(overfitting), CC1/2 (resolution cutoff)

Free R-factor → indicate overfitting

SUBJECTIVE

MAP INTERPRETATION

Different software & approaches

Use different formula to compute R-factor, 

which makes comparison of R-factors 

between programs nonsensical.

PHENIX-REFMAC-BUSTER

MODEL REFINEMENT

RGSCRKRNRTEAARAQPT 



Limitations of the X-ray data

• Incomplete

• Weak

• Resolution

• Space and time averaged

• Phase errors

The human element

• Subjectivity involved in map interpretation and refinement (even at 1.26 Å resolution!)

• Inexperienced people do the work, use of black box approach

• Not everybody is a good chemist

• Even experienced people make mistakes

Why are mistakes made



What to Validate

When to Validate
Throughout

Data
overall R/RFREE, 

completeness, I/σI, CC1/2

Model
Geometry distortions

Ramachandran outliers

Model 
Density

Fit

Bond-angles

Ramachandran
[φ,ψ] plot)

backbone dihedral 

angles

H-bonds



• A good model makes sense

• Physical

• Close packing, no bad contacts, crystal solvent content

• Chemical

• correct local geometry, bonds, angles, etc

• Crystallographic

• R-factors, reasonable pattern of B-factor variation, model to density map fit,

Space Group symmetry

• Statistically

• No under-modelling (under-refinement), no over-fitting (over-modelling)

• Model global quality stats are expected to be in agreement with 

corresponding values found in similar structures (pdb slider plots)

What to Validate



• Problems detected in initial stages - save a lot of time later

• Subjectivity in data and map interpretation

• User interpret the maps: experience, skills acquired

• pressure to meet deadlines

• Software development – developer errors

• Programs may contain bugs

• Subjectivity in model building and refinement

• Model parameterization, target weights, starting points

• Quality of data - impact interpretation

• Deception or honest user error

Why Validate



▪ XTRIAGE (Zwart et. al, 2005) – included in Phenix

▪ Xtriage is a set of routines that tries to assess the quality of the experimental data and

establish knowledge of certain X-ray data pathologies

• https://phenix-online.org/documentation/reference/xtriage.html

▪ PROCHECK (Laskowski et. al, 1998) – included in CCP4i2

• checks the stereochemical quality of a protein structure

• ‘Validation and Deposition’ module

▪ SFCHECK (Vagin et al., 1999) – included in CCP4i2

• Assess the agreement between the atomic model and X-ray data

• ‘Validation and Deposition’ module

▪ MOLPROBITY (Chen et al, 2010) – bundled in CCP4i2 & PHENIX→COOT

• http://molprobity.biochem.duke.edu/

Validation Software

http://molprobity.biochem.duke.edu/


Xtriage Analysis

Click on panels for 

details



Xtriage Data Analysis

• Matthews coefficient probabilities

• Completeness by resolution

• Wilson plot analysis

• Detection of translational NCS (tNCS)

• Analysis of systematic absences and combination of tNCS with current space group

• Anomalous signal from measurability analysis

• Symmetry and twinning analyses

• Alternative point - group symmetry (can be detected on the basis of an  R‐value analyses)

Reading: https://phenix-online.org/documentation/reference/xtriage.html



▪ Main-chain conformation: Ramachandran plot outliers?

▪ Side-chain conformations: unusual rotamers?

▪ Stereochemistry: how much does the model geometry deviate from the “ideal”

values used in the restrained refinement?

▪ Peptide dihedral angle deviations from planarity: large deviations ( 15) unlikely.

▪ cis-peptide bonds: unlikely except if involving Proline residues.

▪ Protein model completeness: are there missing atoms/residues, ligands? Where?

Model Validation Steps



15

Phi (Φ; C, N, Cα, C) and psi (Ψ; N, Cα, C, N) are on either side of the Cα atom and omega

(ω; Cα, C, N, Cα) describes the angle of the peptide bond. Not all combinations of ,

dihedral angles are energetically favourable for non-glycine amino acid residues.

The  (peptide bond) dihedral angles are planar due to the partial double bond character

of the C-N bond. Trans peptide bonds ( = 180) are more favourable. Cis ( = 0)

peptide bonds are sometimes observed for Proline residues.

Main-chain Geometry





• Ramachandran plot 
• φ and ψ angles

• Compare to the PDB

• Different implementations
• MolProbity and CCP4/Phenix: preferred, okay, 

outlier → integrated with coot

• Good for finding specific problems

Validation

α
310

Main-chain Geometry



Side chain torsion angles

• Steric hindrance causes 
discrete rotamers

• ∼ 15% of the side chains 
cannot be represented by 
known library of rotamer 
conformations

• Outliers are typically fitting 
errors...

• ...or false positives, outliers 
have to be explained

ValidationSide-chain Geometry

Flagged as 

rotamer outlier
Correct rotamer

Source:Pavel Afonine

Phenix developer



I can't see density for a sidechain beyond the C-beta atom. How should I model it?

Opinions differ in the crystallography community on the proper approach to side chain 

disorder

Significant discussions on PHENIX and CCP4 mailing lists:

• Delete all atoms not visible in density, but leave the residue name alone. 

• Pick an appropriate rotamer, and let the B-factors rise to account for disorder. This avoids 

truncated sidechains that may be mistaken for other residues, and is more realistic when 

interpreting surface electrostatics. 

• A third approach, setting the occupancy of missing atoms to zero but leaving them in the 

model, this is strongly disfavoured, as the resulting positions and B-factors are entirely 

theoretical (not immediately obvious to a non crystallographers).

Sidechain Dilemma 



Validation Phenix



Validation CCP4i2



Validation CCPi2



Validation CCPi2



Validation CCPi2



Coot Validate
Throughout
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Published EMBO 2003

Homo 6-mer ligand studies 
seemed to ignore basic side 
chain model building (using 
“O”) protocol  for a high 
resolution structure!

Slider Plots 



• Asn, Gln, and His flips
• Detected by MolProbity, corrected in 

Phenix

• Also use common sense, check with 
coot>measures>environment distances

• Buried unsatisfied H-bond donors 
and acceptors indicate (subtle) errors

• Waters should also make hydrogen 
bonds

• explicit riding hydrogen atoms can 
improve geometry at any resolution

ValidationHydrogen Bond environment
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When should I refine with hydrogens?

This is largely a matter of personal preference. Using explicit riding hydrogen atoms can improve geometry at any resolution; at higher resolutions, approximately 2 Angstrom or 

better, they will generally improve R-free as well. At atomic resolution (1.5 A or better) they should always be part of the final model. Note that at unless you have true subatomic 

resolution (0.9 A or better), the hydrogens should always be refined as "riding", meaning that their coordinates are defined by the heavy atoms, not individually refined against X-

ray data.



Validation – overview

POSITIVE NEGATIVE
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L
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N
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› Experienced lab members in crystallographic analysis.

› Good research environment.

› Robust software protocols.

› User inexperience.

› Poor research environment – teaching or expertise.

› Black box automated crystallography

› Busy boss or senior scientist.

› Reviewers of your paper.

› PDB deposition (software & biocuration staff).

› Researchers in the field (those who may come across  

your structure and use it)

› Unnoticed problems.

› Likely to be discovered especially more obvious 

errors – retraction of data

› May be negative consequences for collaborators & 

research community

STRENGTH WEAKNESS

REVIEW CONSEQUENCE



Need to know
• Many different software tools

• General: PDB-REDO, MolProbity, PDB-validation server

• Special purpose: 
• PDB-care, (PDB CArbohydrate REsidue check), also Privateer

• CheckMyMetal, CheckMyBlob web servers.

• Tools may check the same things differently

ValidationSoftware Tools



DEPOSITION
OneDep, a unified system for deposition, biocuration, 
and validation of experimentally determined X-ray, 
NMR, and 3DEM macromolecular structures,

https://deposit-pdbe.wwpdb.org/deposition



PDB Deposition

DEPOSIT 

STRUCTURE

Deposition to OneDep

system. 

A session ID is provided to 

enable you to continue 

your deposition at a later 

date. PDB ID will be 

provided upon completion 

of your deposition

LIGAND

Are your ligands already in 

Chemical Component 

Dictionary (CCD)? 

 The 3-character code for 

your ligand should match that 

in the Dictionary

 During deposition you can 

provide a SMILES or upload a 

2D chemical diagram

Less form filling !

SAMPLE 

SDEQUENCE

Sequence should

• Contain all residues

• Include expression tags 

and disordered residues. 

Any mismatch

should correspond to

mutation, variant or

expression tag in

your sequence.

VALIDATE 

VALIDATE

wwPDB provides a

standalone validation 

server or via CCP4i2 

interface. 

PREPARE DATA

Generate coordinate file in 

PDBx/mmCIF format

• Output directly from 

refinement program suites 

(e.g., PHENIX, CCP4i2)

• Ensures that the 

maximum metadata is 

captured for deposition. 



PHENIX

Export & Deposition

OneDep SOFTWARE

USER / BioCuration staff

CCP4I2

EXPORT VALIDATION

PDBx/mmCIF format 

PDBx/mmCIF explicitly documents all relationships between common data items (e.g. atom and residue identifiers) which permits 

software applications to evaluate and validate referential integrity with any PDB entry, and maps information between the residue 

sequences of the experimental sample and the model coordinates. 



Youtube: CCP4 SW2020 - Whats new - Improved Validation and deposition in CCP4i2 - speaker: Huw Jenkins

CCP4i2 Deposition
v7.1 onwards



Phenix Deposition
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Assigned id



















Summary

Prevention is better than cure

▪ Learn continually – there’s always “one more thing” to learn. 

▪ Information in the data (crystallization, assays, & interaction studies) versus the model

▪ Always be the first to question your own results

▪ Essential that validation is an integral part of the modelling process
• Not just something you do when you deposit & publish!

▪ Can’t substitute for common sense

▪ Keep learning – subscribe and interact on the CCP4bb

- Steve Jobs 



Validation is time consuming !

TEDIOUS !!

In the end you have better quality models 

& 

easier deposition process

Finally

No pain no gain !



Thank You



• http://www.wwpdb.org/deposition/tutorial

• https://www.rcsb.org/docs/additional-

resources/structure-validation-and-quality

Useful links

CCP4 SW2020 - Whats new - Improved Validation and 

deposition in CCP4i2 - speaker: Huw Jenkins

https://www.youtube.com/watch?v=hd3pKgLpLM8&t=12s

http://www.wwpdb.org/deposition/tutorial
https://www.rcsb.org/docs/additional-resources/structure-validation-and-quality

