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Crystallography Cryo-EM

phenix.refine
Available since 2005

phenix.real_space_refine
Available since 2013



Atomic model refinement: phenix.real_space_refine



Atomic model refinement: crystallography vs cryo-EM

Crystallographic refinement

• Improving model improves map
• (2mFo-DFc, Model phase), (mFo-DFc, Model phase)

• Better model leads to better map

• Better map leads to more model built

• Improving model in one place lets build more model 
elsewhere in the unit cell

• Refine all model parameters (XYZ, B) from start to end 
of structure solution

• Build solvent (ordered water) early

• Experimental data never changed

• Data / restraints weight is global and time 
expensive to find best value

• Whole model needs to be refined

Cryo-EM refinement

• Changing model does not change map
• Build solvent (water) last

• Get as complete and accurate model as possible 
before refining B factors and occupancies

• Experimental data changes a lot during the 
process (filtering, boxing, using maps with 
implied symmetry or not, etc.)
• What map to use in refinement?

• Refined B factors depend on map used

• Data / restraints weight can be local and is 
always optimal

• Boxed parts of the model can be refined



Refinement protocol
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NCS (molecular symmetry)

• Constraints: molecules 1, 2 and 3 are required to be identical

• Restraints: molecules 1, 2 and 3 are required to be similar but 
not necessarily identical

Source: Internet



Real-space refinement – B-factors (new) 

• Much faster than in previous versions 
• Isotropic group or individual
• Symmetry-aware
• Strict symmetry: B-factors are identical across symmetry copies

• Can use multiprocessing
• Data / restraints weight is always optimal 
• Ensures best model-to-map fit and physically meaningful B-factors

• Refine B-factors at the very last step
• Because refined model does not feed back to the map

• Refined B-factor values depend on the map used (original vs
sharpened or else manipulated)



Real-space refinement – occupancy (new)

• Symmetry-aware
• Strict symmetry: B-factors are identical across symmetry copies

• Can use multiprocessing
• Rules are similar to phenix.refine:
• Look for (phenix-online.org):

13 typical occupancy refinement scenarios and available options in 
phenix.refine

• Refine occupancies at the very last step
• Because refined model does not feed back to the map



Automated re-refinement of deposited cryo-EM models

• Developers: helps track the impact of new 

methods and tools

• Users: lets to see how their models can benefit 
from improved methods and tools 



Automated water building: phenix.douse
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Difference maps
!
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While! some! highEresolution! cryoEEM! maps!
may! be! of! exceptional! quality,! a! typical! cryoE
EM! map! is! still! a! lowEresolution! map! (by!
crystallography!standards,!at!least).!Therefore!
locating!and!accurately!placing!ligands!in!such!
maps! may! not! be! a! trivial! task! (figure! 1).! In!
crystallography! a! σA! scaled! mFobsEDFcalc!
difference!(or!residual)!map!is!the!tool!that!is!
used! routinely! for! locating! yet! unmodeled!
atoms.! In! cryoEEM! there! are! no! structure!
factors,! observed! Fobs! or! calculated! Fcalc,! and!
therefore! a! difference! map! cannot! be!
straightforwardly!obtained.!Naïvely,!one!could!
argue! that! it! is! possible! to! convert!
experimental! cryoEEM! map! into! structure!
factors! by! a! Fourier! transform.! Similarly,! it!
could! be! possible! to! calculate! Fcalc! from! the!
model! using! electron! formEfactors.! This! is! a!
possibility,! of! course,! but! it! is! not! without!
issues.!!The!issues!include:!!
a) Model!completeness!
b) BEfactors!inadequately!refined!
c) The! bulkEsolvent! and! scaling! protocols!

designed! for! crystallography! may! not! be!
appropriate!

d) The!map!may!contain!artifacts!left!over!from!
reconstruction! that! are! away! from! the!
molecule!and,! if!working! in! real! space,! pose!
no!issues.!!

Any!of!these!problems!may!be!a!showstopper!
if!the!map!is!calculated!using!structure!factors.!
Typically!most!of! these!problems!are!present!
when!working!with!cryoEEM!data.!Calculating!
a! difference! map! in! real! space! avoids!
problems!all!together!and!thus!should!to!be!a!
better! choice.! Furthermore,! working! with!

Figure! 1:! ATP! in! PDB!model! 5L4g! superimposed!
on!cryoEEM!map!emd_4002.!

Figure! 2:!ATP! in! PDB!model! 5L4g! in! a! difference!
density!plot!calculated!using!emd_4002.!
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5L4g, EMDB 4002



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:

• We can’t help you if you don’t help us to understand your 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
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