
Validation

Pavel Afonine

Hosted by the Oklahoma COBRE in Structural Biology

March 19th 2024

Randy Read, Airlie McCoy, 
Tristan Croll, Rob Oeffner

Tom Terwilliger, Li-Wei Hung

The Phenix Project

An NIH/NIGMS funded 
Program Project

Paul Adams, Pavel Afonine, 
Dorothee Liebschner, Nigel 
Moriarty, Billy Poon, Oleg 

Sobolev

Lawrence Berkeley Laboratory

Los Alamos National Laboratory

Jane & David Richardson, 
Chris Williams, Vincent Chen, 

Bradley Hintze
Cambridge University

Duke University

Adams PD et al., PHENIX: a comprehensive Python-
based system for macromolecular structure 
solution. Acta Cryst. 2010, D66:213-221.

Phenix	

Paul	Adams	
Pavel	Afonine	

Paul	Langan	
Brendan	Sullivan	
Vickie	Lynch	

(	Marat	Mustyakimov	)	

Macromolecular	Neutron	Consortium	

Quantum	Refinement	
Shanghai	University	

Mark	Waller	
Pavel	Afonine	
Nigel	Moriarty	
Min	Zheng	
&	associates	

www.phenix-online.org	
www.qrefine.com	
https://mnc.ornl.gov/	

phenix-online.org lbl.gov qrefine.com



Validation tools in Phenix



Validation (cryo-EM)



Validation: why to do?
(2019) Nature 570: 400-404   |  PDB: 6o9j   |   EMDB: 0661  |  3.9Å 

Metric 6o9j Expected
Clashscore 70 Less than 10

Ramachandran 
favored, % 59 More than 98

Ramachandran 
outliers, % 15 0

Rotamer outliers, % 23 0
Cβ deviations, % 0.5 0



Examples of very poor model-to-map fit

PDB: 8gwb  |  EMDB: 34308  |  2.8 Å  |  Cell (2022) 185: 4347-4360 

Chain      CCMASK CCMASK = 0.01
A 0.01
B 0.02
C 0
D 0.01
I 0.04
J 0
F 0.12
E 0.08
G 0.1
M 0.16
A 0
F -0.13
E 0.16
A 0.1
G 0.15
M 0.19



Examples of very poor model-to-map fit

PDB: 7xov  |  EMDB: 33360  |  3 Å  |  Cell Discov (2022) 8: 55-55

A 0.04
B -0.01
G 0.18
N 0.06
R 0.03
R -0.02

CCMASK = 0.02Chain      CCMASK



Examples of very poor model-to-map fit

PDB: 7w6p  |  EMDB: 32331  |  3.5 Å  |  Science (2022) 377: 7065-7065

CCMASK = 0.1

A 0.09
B 0.11
G 0.12
H 0.07
R 0.16
R -0.08

Chain      CCMASK



Model

6kio 6kiq 6o9j 7ase
Bond/angle 0.04/3.4 0.04/3.7 0.01/1.3 0.02/2.2
Clashscore 11 12 55 9
Rotamer outl., % 8 15 23 3
Cb deviations, % 5 16 0.5 1.4
Ramachandran, %
 favored
 outliers
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Resolution (Å) 3.9 3.6 3.9 3.3
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