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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

e Whole model needs to be refined

Cryo-EM refinement

Changing model does not change map

e 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.)

e 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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Restraints
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NCS (molecular symmetry)

Source: Internet

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

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



Real-space refinement — B-factors (new)

Much faster than in previous versions
Isotropic group or individual

Symmetry-aware

e Strict symmetry: B-factors are identical across symmetry copies
Can use multiprocessing

Data / restraints weight is always optimal

e Ensures best model-to-map fit and physically meaningful B-factors

Refine B-factors at the very last step

e 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

e Strict symmetry: B-factors are identical across symmetry copies
Can use multiprocessing

Rules are similar to phenix.refine:

e Look for (phenix-online.org):

13 typical occupancy refinement scenarios and available options in

phenix.refine

Refine occupancies at the very last step

e Because refined model does not feed back to the map



Automated re-refinement of deposited cryo-EM models

. cryo-EM Re-Refine
o cryo-EM Re-Refine
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Table showing results for November 2021

Rerefinement month ~ Table options ~

The table shows a selection of parameters. Activate more columns using the drop-down menus below.

C E R ES - th e c ryo_ E M peach highlight: initial model; blue highlight: re-refined model
re_refinement system Il Resolution ~ Wl Mapvsmodel ~ NIl Geometry ~ NIl Ramachandran ~ Wl Composition ~ NIl Other ~

EMDB Release Bond Angle Rama
~ Resolution ’ gs " Clashscore CChox CCmask

Bond Angle

#
Lodfil
residues 0|

Ram:
Clashscore o

‘:s RMSD CCpox CCrmask

Electron cryomicroscopy (cryo-EM) has code Dat 'msd rm: outliers rmsd rmsd utliel

2021- .
advanced qUICkly in recent years, WhICh haS |ed v 7SDE 23517 09-29 3.2 0.004 0.92 25.84 0.3 0.74 077 0.005 0.79 10.50 0.0 061 075 079 726 logfile
toan Increased number Of atomic structures. v 7VH1 31983 38_2;(; 42 0.009 1.32 593 0.2 079 075 0.003 0.74 1.51 0.0 334 079 076 1661  logdfile
Several tools for the analysis and validation of

2021- g
CryO'EM data and mOdeIS haVe been deVelOped v 7VH3 31985 09-20 36 0.005 1.09 795 0.4 0.68 069 0.011 113 13.24 0.1 167 070 073 1612 logfile
within the Phenix software paCkage’ such as v 7VGQ 31975 ggﬁ; 4.0 0.009 1.27 711 0.2 071 075 0.004 0.75 9.16 0.1 072 070 076 1661  logfile
the refinement program

2021- .
phenix. real_space_refine. To understand X 7PQE 13591 09-17 37 0.006 0.68 12.28 0.0 081 082 = = = - - — — 1365 lodfile
the quallty Of depOSIted CryO-EM structures v 7VG2 31963 (z)gi: 31 0.016 1.43 17.56 0.2 072 079 0.004 0.67 14.49 0.0 124 072 079 845 logfile
and how they might be improved, we

2021- -
automatically re-refined models deposited in B BED gon, 289 = = S e s S - - = — — 1382 logfile
the PrOteIn Data Bank that haVe map v 7VG3 31964 (z)gf:; 373 0.006 115 751 0.6 0.80 0.84 0.004 0.74 9.83 0.0 109 079 084 860 logfile
resolutions better than 5A. The results are

2021-
available on this web page. e et ettt

Search by PD or EMDS code: e Developers: helps track the impact of new
Submit

methods and tools

Show all results as a table

e Users: lets to see how their models can benefit

from improved methods and tools



Automated water building: phenix.douse




Difference maps

5L4g, EMDB 4002

"’ —" V r‘\z
N4 {&mrg AN
‘VIE l"/&' 7

Q’ ;«\ A""A“% 7]

S s 457&\»&’"0”5 s
VST N

4’ V-v ', "' ‘.s\ <7\

AV".A \1\ ’ .lv"l

,;.7,'0 Sf:,"fa
7N/ ’
=Y A /
LG (‘ <
DIV 72 NV S U
'@,\\~ ;"M', ,,w:‘.:\
- '\\,,‘\\L ' ;\7. 4\

; .3'*
Q"

V&
s \~\‘«\s

N \
Y«},\_ \:« \».\ P ».’/;/
o AT S ’//"\



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

e 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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