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Do we really know what we do?

We barely have sufficient information for structure solution in MX

Target No. of atoms No. of degress 
of freedom

Information 
content

Small molecules 10 - 300 30 - 900 30 -1000

Macromolecules, polymers 3,000 - 30,000 9,000 - 90,000 0.3 - 3

in a good case of having 30,000 reflections:

Structure solution in MX only possible because we bring additional data/
information from other sources, primarily chemistry 

While we do so, bias or errors are possible 

Therefore, VALIDATION is an integral part of structure solution 
as any other stage of the whole process

and even worse because 
of noise in data
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Structure Validation
Structure validation is a natural step in structure solution to establish that:

• structure is in compliance with experimental data (e.g. Space Group is correct) 

• structure is chemically sensible 

• structure does not contain features not supported by electron density 

• all structural components are named and described correctly

An ideal structure does not raise red flags in Coot — this is not achieved in many 
practical cases though; one need to perform:

• electron density fit analysis (RSR-factor, atom map density correlation) 

• atom clash score 

• rotamer analysis (ideally no unusual conformations) 

• Ramachandran plot analysis (ideally no outliers) 

• difference map analysis (ideally no green blobs) 

• restraints rms checks 

• Mogul validation for ligands

PDB-REDO is a powerful validation and structure completion tool — use it
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Structure Validation

Validation criterion Ideal score Median for 1.5 / 3Å 
structures

Rfree Undefined 0.21 / 0.28

Real-space residual 
(% RSRZ>2) Undefined 2.7 (resolution 

independent)

Clashscore (clashes per 1000 atoms, 
including H) <5 8.8 / 3.9

Under-packing 1 1.2 / 2.2

Ramachandran score (% outliers) 0.05 0 / 1.7

Rotamer score (% poor) 0.5 1.7 / 9.6

Buried H-bonds (fraction unsatisfied) 0.02 0.025 / 0.08

RNA ribose puckers (%poor) 0.5 0 / 2.7

Key validation criteria guidance figures
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Structure Validation Advanced



World
Macromolecular

Validation and Deposition
CCP4/DLS Data Collection and Analysis Workshop, Diamond, 27 Nov - 5 Dec 2023

What is the PDB

The probably oldest freely available biological database
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What is PDB contents?

The PDB contains 3-dimensional structures of biological 
macromolecules, obtained by 

• X-ray Diffraction (2019: 83.7%, now: 85.6%) 

• Nuclear Magnetic Resonance technique (2019: 7.4%, now: 6.8% ) 

• Electron Microscopy (2019: 2%, now: 7.3%) 

• Neutron Diffraction (few) 

• Electron Diffraction (few) 

• Solid-State NMR (few) 

• Fiber Diffraction (few)
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What is PDB Deposition?

In brief, PDB Deposition is uploading files and filling in web-forms!

In reality, PDB Deposition is a relatively laborious multi-stage process:

1. Structure validation 

2. Preparation of deposition files 

3. wwPDB validation 

4. Form filling 

5. Annotation — including more validation

Focus on validation and making sure that annotation is correct

• Deposition is a publication, take it very seriously
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2. Preparation of Deposition Files

The PDB requires the following basic information:
1. Final model coordinates in mmCIF format (PDB format is now deprecated) 
2. mmCIF dictionaries for all ligands and non-standard/modified residues 
3. Structure factors in mmCIF format  
4. Relevant (protein/dna/rna) sequences

In addition, you are expected to provide

• data processing statistics (usually from XDS/DIALS or Xia-2) 

• data scaling and merging statistics (usually from Aimless in CCP4 

• final refinement scores (usually from Refmac in CCP4) 

• information on quaternary structure or oligomeric state (experimental or from PISA) 

• other annotation details (names, beamline info, etc etc)

Good news: much of this is prepared for you by CCP4 interfaces
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Preparation of Deposition Files in CCP4i2
Uses Refmac to produce final mmCIF file

Converts final MTZ to mmCIF format

Places output files in specified directory

Deposition files 
directory

Basic data

Additional data
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Preparation of Deposition Files in CCP4 Cloud

Deposition data preparation 
and PDB Validation task
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Preparation of Deposition Files in CCP4 Cloud

Structure revision automatically collects data from jobs 
[0001] - sequence 
[0002] - scaling and merging 
[0014] - ligand dictionary 
[0023] - final model and SF



World
Macromolecular

Validation and Deposition
CCP4/DLS Data Collection and Analysis Workshop, Diamond, 27 Nov - 5 Dec 2023

Preparation of 
Deposition Files in 

CCP4 Cloud

Link to PDB deposition files

PDB Validation Report
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Preparation of 
Deposition Files 
in CCP4 Cloud

Deposition files:
1. Coordinates+Sequences+Dictionaries+Data Statistics 
2. Structure Factors

Link to PDB 
deposition
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Citing Works

Impress yourself with how 
many people worked hard to 
help you solving your 
structure -- and think how 
you can pay them credits. 

Whatever you do in 
crystallography, the citation 
list will go long.
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3. PDB Validation Report

Must be obtained and inspected before deposition

• PDB Validation Reports are not to be uploaded/deposited 

• PDB-VR will be generated by wwPDB as part of deposition process 

• checking and fixing all structure defects highlighted in PDB-VR will save you 
a fair bit of communication with the PDB, who will insist, in first turn, that 
obvious defects are rectified 

• you will have to justify major irregularities highlighted by PDB-VR if you 
think that they are structure feature rather than defects

PDB Validation Reports are automatically obtained by the Deposition 
Task in CCP4 Cloud

If you are using CCP4i2, obtain PDB Validation Report by uploading 
mmCIF files, generated by the Deposition Task in CCP4i2, at

https://validate.wwpdb.org/
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What is the PDB Validation Report

automatic service created as a result of the “Validation Task Force” initiative 

assesses quality of structure and correspondence with the experimental data 

checks for many obvious flaws; extremely useful

https://rcsb.org/#Category-deposit
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PDB Validation Report 
(excerpts)

1.  Overall quality
• data for each slider is detailed in 

individual report sections

2.  Chain quality
• coloured representation of outliers

3.  Compound fit quality
• wrong geometry or poor fit in density

4.  Extended outlier statistics
• bond length, angles, chirality, planarity 
• close contacts 
• protein backbone (Ramachandran) 
• backbone torsions 
• sugar packing
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PDB Validation Report
1.  Overall quality

• summary of key quality indicators to spot possible problems quickly

2.  Entry composition
• summary of the number of unique molecules and how they have been modelled

3.  Residue-property plots
• per-residue summary plots of quality information for protein, RNA and DNA molecules

4.  Data and refinement statistics

5.  Model quality

6.  Fit of model and data

• Space Group, Cell, Completeness, Rmerge, Rfree, Resolution, Twinning tests etc etc

• summary on geometrical quality, chirality, close contacts etc

• analysis of the fit of the molecule in the entry to experimental data (based on Real Space R-value)

R. J. Read, P. D. Adams, W. B. Arendall III, A. T. Brunger, P. Emsley, R. P. Joosten, G. J. Kleywegt, 
E. B. Krissinel, T. Lütteke, Z. Otwinowski, A. Perrakis, J. S. Richardson, W. H. Sheffler, J. L. Smith, 
I. J. Tickle, G. Vriend and P.r H. Zwart.  (2011) Structure 19: 1395-1412.

http://www.cell.com/structure/abstract/S0969-2126%2811%2900285-1
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PDB Validation 
Report 

1. Overall quality
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PDB Validation 
Report 

2. Entry composition
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PDB Validation Report 
3. Residue-property plots
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PDB Validation Report
5.  Model quality

6.  Fit of model and data

5.1 Standard geometry:   bond length, angles, chirality and planarity outliers 
5.2 Too close contacts:   atom clashes within ASU and between symmetry mates 
5.3 Torsion angles:          Ramachandran outliers 
5.4 Non-standard residues in protein, DNA and RNA chains:  are they correctly annotated?  
5.5 Carbohydrates:          any geometry and annotation issues 
5.6 Ligand geometry:      bond length, angles, chirality and planarity outliers 
5.7 Other polymers:        any geometry and annotation issues 
5.8 Polymer linkage issues:     are there linkage breaks?

• analysis of the fit of the molecule in the entry to experimental data (based on Real Space R-value)

R. J. Read, P. D. Adams, W. B. Arendall III, A. T. Brunger, P. Emsley, R. P. Joosten, G. J. Kleywegt, 
E. B. Krissinel, T. Lütteke, Z. Otwinowski, A. Perrakis, J. S. Richardson, W. H. Sheffler, J. L. Smith, 
I. J. Tickle, G. Vriend and P.r H. Zwart.  (2011) Structure 19: 1395-1412.

Reference:

http://www.cell.com/structure/abstract/S0969-2126%2811%2900285-1
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Experiment RepositoryStructure Solution Project

evidence structures

ResearchProject Archive

interpretation
PDB Code: 1XYZ

Archive ID: CCP4-1XYZ

Final Step: Archive your Project in CCP4 Cloud

Make your work available to reviewers 
Share your knowledge 

Release your storage quota 
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Final Step: Archive your Project in CCP4 Cloud

https://cloud.ccp4.ac.uk/archive/access.html?id=CCP4-RNASE

CCP4 Cloud Archive ID:     CCP4-RNASE      (could be published in a paper on web-site etc.)

Access URL:

Consider archiving completed projects in CCP4 Cloud when publishing your work

https://cloud.ccp4.ac.uk/archive/access.html?id=CCP4-RNASE

