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Typical cryo-EM pipeline

Sample Data collection Data processing

Map 
manipulations

Model buildingModel refinementValidation

Phenix



If a little is good, more must be better - Mae West (adapted)

Agenda:  A long list of cryo-EM tools within Phenix



Docking models with phenix.dock_in_map

EMDB: 8750

1ss8 chain A

Chain A docked Features: 

• Multiple chains 

• Density search 

• Symmetry 

• Multiprocessing



Finding map symmetry: phenix.symmetry_from_map

Procedure for finding symmetry: 

• Test point group symmetries (e.g., C7, D2, 
I, O, T) 

• Helical symmetry 

• Score based on map correlation for 
symmetry-related points and number of 
operators

http://phenix-online.org/newsletter/   
 Tools for interpreting cryo-EM maps using models from the PDB 
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Extracting unique part of map: phenix.map_box

Procedure: 

• Use symmetry of map 

• Contour map at level that yields regions 
about 50 residues in size 

• Group symmetry-related regions 

• Choose one member of each group 

• Optimize compactness and connectivity 
of unique part of map

http://phenix-online.org/newsletter/   
 Tools for interpreting cryo-EM maps using models from the PDB 



Automated map sharpening: phenix.auto_sharpen

Maximize detail in the map

… and connectivity of map

Adjusted surface area

Optimally sharpened map

Fully automatic: 

• No manual trial-and-error 

• No parameters to adjust 

• Only inputs: map and resolution



Density modification: phenix.density_modify_cryo_em

Solvent should 
be flat

Distribution of density 
(histograms) should 
match typical protein

Original map Density modified map



Density modification: phenix.density_modify_cryo_em

Original map Density modified map



Automated model building: phenix.map_to_model



Automated model building: phenix.map_to_model



Automated model building: phenix.map_to_model



Automated water building: phenix.douse

https://phenix-online.org/presentations/water.pdf



Atomic model refinement: phenix.real_space_refine



Refinement target

• Atom-centered:

𝑇 = − ∑
𝑎𝑡𝑜𝑚𝑠

𝜌𝑜𝑏𝑠(𝑥𝑎𝑡𝑜𝑚, 𝑦𝑎𝑡𝑜𝑚, 𝑧𝑎𝑡𝑜𝑚)

 = coordinates of atom center𝑥𝑎𝑡𝑜𝑚, 𝑦𝑎𝑡𝑜𝑚, 𝑧𝑎𝑡𝑜𝑚

High resolution Low resolution
Atom 1

Moving atoms to nearest peaks making correct model    ≠  

Atom 2





• Secondary structure 
• Ramachandran plot 
• RNA/DNA parallelity 
• Reference model 
• Rotamer, starting position, etc



What if you have a small molecule ligand? 

1. We may ship restraints for that ligand: 
• Restraints are pre-calculated, archived in our GeoStd library 
• This is a subset of the CCD, molecules that have been previously appeared 

in macromolecular structures 

2. Your ligand is new:  
• Need to use phenix.elbow to generate a restraints file 
• Restraints written to a cif file (eq. values for bonds, angles, torsions, etc) 
• Can use internal simplified force field, or external plugins (QM packages, 

Mogul, etc)

https://github.com/phenix-project/geostd

Ligand parameterization: phenix.elbow



Using AlphaFold via Phenix GUI

AlphaFold

Sequence

Templates from 
PDB

Templates you 
have created

 Prediction
(hypothesis)}AlphaFold Colab



7mjs (3 Å, EMDB 23883) 

Models are accurate where sequence coverage is high

AlphaFold

7mjs

Residues 100-120
Low sequence coverage, low 
confidence, low accuracy

Residues 1-100
High sequence coverage and confidence

Data from 7mjs, Cater, R.J., et al. (2021). Nature 595, 315–319



AlphaFold as a starting model (7mjs 3 Å, EMDB 23883) 

AlphaFold

7mjs

Residues 100-120
Low sequence coverage, low 
confidence, low accuracy

Trim low-confidence 
regions

Dock in mapDock in map
Trace loop

Trimmed AlphaFold model

Rebuilt
AlphaFold 
model 
using 
Phenix

7mjs



Iterative AlphaFold prediction and rebuilding

Rebuilt
AlphaFold 
model

7mjs

Rebuilt
model
Rebuilt model as a 
template …

… can we get a 
better AlphaFold 
model?

Data from 7mjs, Cater, R.J., et al. (2021). Nature 595, 315–319



Rebuild AlphaFold model with density map

Rebuilt model improves next AlphaFold 
prediction

Iterate to improve model

Iterative AlphaFold prediction and rebuilding

Terwilliger et al. (2022). Improving AlphaFold modeling 
using implicit information from experimental density maps. 
BioRxiv 2022.01.07.475350



Workflow for Iterative Predict/Rebuild 

AlphaFold 
prediction for 
each chain

Density map }Rebuild AlphaFold 
predictions

Model for each 
chain with full exact 

sequence

Dock-and-rebuild

AlphaFold with 
refined model for 

each chain
Refined model for 

each chain

Fix errors, 
refine

Real-space refine, 
ISOLDE

AlphaFold Colab



User support

• Feedback, questions, help 
Mailing list (all, developers and users): phenixbb@phenix-online.org 
Bug reports (developers only):               bugs@phenix-online.org 
Ask for help (developers only):               help@phenix-online.org 

• Reporting a bug or asking for help: 

• Please include a detailed description of the problem! 
• Make sure the problem still exist using the latest Phenix version 

• Send us all inputs (files, non-default parameters) and tell us steps that lead to 
the problem 

• All data sent to us kept confidentially



Thanks!


