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Phenix: tools for crystallography and cryo-EM
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Phenix tools for cryo-EM
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Complete set of tools for
cryo-EM structure solution:
from initial reconstruction to
final validated model




Phenix tools for cryo-EM: GUI and command line
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Automated map sharpening: phenix.auto_sharpen
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Fully automatic:

No manual trial-and-error | No parameters to adjust | Only inputs: map and resolution

T Autqmated map sh.ar.pening by maximization of
BIOLOGY detail and connectivity
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Thomas C. Terwilliger,** Oleg V. Sobolev,® Pavel V. Afonine? and
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Density modification: phenix.density_modify_cryo_em

Similar principals for crystallography and cryo-EM:

change the map so that it is most consistent with what we know about macromolecules

/ Crystallography \ / Cryo-EM

From uninterpretable to interpretable map Effect is less dramatic as in crystallography

e Can increase map resolution (0.05-0.3 A)
e Can improve map clarity for interpretation

natu‘re ‘ methOd s htlps://doi.org/10.1OBAB/EI-SI;ZI-(S)!;E4-S9

‘ '.) Check for updates

Improvement of cryo-EM maps by density
modification

Thomas C. Terwilliger ©'254, Steven J. Ludtke ©3, Randy J. Read ®4, Paul D. Adams®¢ and
Pavel V. Afonine®




Finding map symmetry: phenix.symmetry from_map

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



Extracting unique part of map using phenix.map_box

Lots of options: use map only, use model, use symmetry, mask boxed map, and many more!

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

hain A docked in map |




Integration of docking with ChimeraX
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open emd_12654_half_map_2.map

Opened emd_12654_half map_2.map as #3, grid size 250,250,250, pixel 1.54, shown
at level 0.0197, step 1, values float32

open 3rkoL_trim.pdb

Chain information for 3rkoL._trim.pdb #4

Chain Description

L No description available

hide #!2 models

hide #!3 models
volume #1 level 3.144

(x]5]
Nam

emd_12654.map 1
emd_12654_half_map_1 2

emd 12654 half map 2 3
Q06 Volume Viewer
emd_12654.map

® #1 250° step 1 @@ Level 314 -36.2-151 surface @

b
emd_12654_half_map_1.map
(=] #2 250° step 1 @@ Level 1.0195 -0.0429-0.187 surface @

Read, Millan, McCoy & Terwilliger, “Likelihood-based signal and noise analysis for docking of
models into cryo- EM maps”: BioRxiv, Acta Cryst. D (in press)

Millan, McCoy, Terwilliger & Read, “Likelihood-based docking of models into cryo-EM maps”:
BioRxiv, Acta Cryst. D (in press)



Automated model building: phenix.map_to _model

nature‘methgds BRIEF COMMUNICATION

https://doi.org/10.1038/541592-018-0173-1

A fully automatic method yielding initial

models from high-resolution cryo-electron
microscopy maps

Thomas C. Terwilliger ©'2*, Paul D. Adams3#, Pavel V. Afonine** and Oleg V. Sobolev®3




Automated model building: phenix.map_to _model

Data from Zhou, X. et al. (2017) Nat. Struct. Mol. Biol. 24: 1146



Automated model building: phenix.map_to _model

Rotavirus VP6 (2.6 A, 100% built, 0.9 A rmsd)
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Data from Grant and Grigorieff, eLife 2015;4:e06980



Automated model building: phenix.map_to _model

Automated model building, facts:

 No automated model building produces 100% complete and
accurate model

* Produces initial model for further manual building

 The lower the resolution, the less complete and accurate the
auto built model



Manual model building steps

If phenix.map_to_model fails or model is too big or else:

Auto-sharpen the map

* Run Map Symmetry to obtain symmetry

 Run Map Box to obtain asymmetric unit (using symmetry)
 Run Map to Model on asymmetric unit

 Run Apply NCS Operators on model, with the trim overlap
option (supplying the full map)



Automated water building: phenix.douse

Available in ChimeraX!




Sequence from map: phenix.sequence_from_map

Residue G A S \ | L M C F Y K R w H E D Q N P T
CC 030 0.50 0.53 047 058 062 068 059 083 077 071 069 070 082 065 064 060 060 035 047

Prob 3 0 0 0 0 0 I 0 40 23 5 5 4 9 2 2 I 0 2 0

* Determine probability of side chain at each Ca
* Align sequence to maximize total probability for the chain



Difference maps: phenix.real_space diff map
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* Analogue of crystallographic Fo-Fc map

e Requires well-refined model (including B factors)



Atomic model refinement: phenix.real _space_refine

Direct refinement of atomic models against the map

UL TN Real-space refinement in PHENIX for cryo-EM and
BIOLOGY crystallography

ISSN 2059-7983
Pavel V. Afonine,** Billy K. Poon,? Randy J. Read,® Oleg V. Sobolev,* Thomas C.

Terwilliger,%¢ Alexandre Urzhumtsev® and Paul D. Adams*"




Automated re-refinement of deposited cryo-EM models

. cryo-EM Re-Refine
o cryo-EM Re-Refine
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s Figures PDB/EMDB Contact Phen ,x

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



