S

I =
Z Yy OR
AN\

§.' == O:g
Wev ) CALIFORNIA

frrerrrer

A
|||‘

o
--------

Phenix User Workshop, August 22nd 2023
3

Introduction

Oleg Sobolev

Lawrence Berkeley Laboratory

BERKELEY
% LAB
» Los Alamos

NATIONAL LABORATORY
EST.1943

@ B UNIVERSITY OF

)




What is Phenix?



What is Phenix?

Package for automated structure solution (crystallography,
cryo-EM)

Modern programming concepts and new algorithm
development

Designed to be used by both novices and experienced users
Long-term development and support

Why is it called Phenix?

ython ierarchical Elvironment for ntegrated tallography
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Phenix - a Structural Biology Hub

We have nucleated the development of new computational
methods for structural biology
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Key Features

e Python
> Easy scripting of repetitive tasks
> Enables rapid prototyping and development

e Advanced algorithms
Experimental phasing
Molecular replacement

>
>
> Automated model building and rebuilding
> Structure refinement and validation

>

Ligand coordinate and restraint generation

e Rapid development and bug fixing



Tools for Crystallography

AutoSol

Xtriage Experimental Resolve
) phasing )
Data quality Density
assessment Modification
Molecular
LABELIT Replacement

AutoBuild
Model

(Re)building

Phaser

phenix.refine

A A

LigandFit _
Refinement

eLBOW Ligand fitting I Deposition
|
ReadySet : v Prepare PDB deposition
Get PDB validation report
MolProbity

Acta Cryst. 2002, D58:1948-1954 (Phenix)
J. Appl. Cryst. 2002, 35:126-136 (cctbx)

Acta Cryst. 2010, D66: 213-221 (Phenix)
Acta Cryst. 2019 D75:861-877 (Phenix)



Tools for Cryo-EM

\ETJNCIVELIIWAN Mtriage
assessment

Density
Modification
Map

Auto- improvement
sharpen

Real-space-refine

A A

Model building Refinement

Map-to-model

Docking Validation

A

Map-symmetry

: Mtriage
M Dock-1n-map/EM-placement g
ap-box :
MolProbity
Extract-unique Rebuild-predicted-model
Deposition
Acta Cryst. 2002, D58:1948-1954 (Phenix)
J. Appl. Cryst. 2002, 35:126-136 (cctbx)
Acta Cryst. 2010, D66: 213-221 (Phenix)
Acta Cryst. 2019 D75:861-877 (Phenix)



Features



Phenix GUI

Central GUI for job control and to launch new jobs

© A ?

Phenix home

= ' o2 S, :
_ < & F £ 03 =3
Quit Preferences Help Citations Reload last job ChimeraX Coot PyMOL KING Tools Help Server
Actions Job history
Projects Favorites
Show group:  All groups Manage... AlphaFold: Predicted models with Crystals or Cryo-EM
- Crystals: Data analysis and manipulation
«” Select &) Delete < New project & Import project &9 Settings
Validation and map-based comparisons
ID Last modified # of jobs R-free
«” oklahoma Mar 15 2024 09:30 ... 10 0.3380 Experimental phasing
tutoruial_adv_re... Mar 13 2024 04:26 ... 7 0.3391 Molecular replacement
AF_bromodomai... Mar 112024 05:44 ... 1 —— M ul
AF_7mjs_H_Pre... Mar 07 202410:41... 3 - aps (create, manipulate, compare)
Berkeley_tom_t... Mar 07 2024 09:01... O -— Enhanced maps (Polder, FEM, density-modified...)
UR-6215 Mar 06 2024 02:44... 1 0.0147 Model building
1aba-fmodel Feb 26 2024 11:07 ... 2 ---
7rpq_AF_refere... Feb 26 2024 10:52... 10 0.2673 Refinement
rnase-s_0 Feb 22 2024 09:19 ... 10 0.3028 Ligands
rnase-s Aug 212023 05:42 ... 2 0.3305 C EM: M e ioulati
nsf-d2-ligand  Aug 212023 06:00 ... 1 Qjosche Map analys's, Symmetny, manipmiation
various_testing Jun12 2023 11:23 ... 8 0.1588 Validation and map-based comparisons
phenix-1-12 Mar 10 2023 02:11... 2 0.1721 Map improvement
bugathon Mar 06 2023 04:46... 17 -

3tpj-ensemble-r...

Mar 06 2023 04:05...

Docking, model building and rebuilding

Refinement

Models: Superpose, search, compare, analyze symmetry

Modification, minimization and dynamics

PDB Deposition

Program search

Current directory:

/Users/oleg/Documents/phenix/testing/GUl/oklahoma

Browse... =

Phenix version 1.21-5207-000

Project: oklahoma




Phenix GUI

© A ?

Quit

Actions

Preferences Help

Job history

Jobs for project oklahoma

Show only:

Sort by:

ID

© 00 NO O b~ WON =

-
o

All jobs
Job ID

Program
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine
phenix.refine

Citations Reload last job

Central GUI for job history

Phenix home

S < & F B o

Hide failed or aborted jobs
Show flagged jobs only

Date

Mar 14 2024 04:09 PM
Mar 14 2024 04:13 PM
Mar 14 2024 04:27 PM
Mar 14 2024 04:47 PM
Mar 14 2024 04:56 PM
Mar 15 2024 09:10 AM
Mar 15 2024 09:16 AM
Mar 15 2024 09:22 AM
Mar 15 2024 09:25 AM
Mar 15 2024 09:30 AM

Job title or directory
default, no restraints
ss default
ss default + NCS torsion default
ss default + NCS constraints
ss default + NCS constraints + reference
ss from hires
ss from hires accept outliers
ss from hires accept outliers + torNCS + refmodel
ss default + NCS torsion + reference
def SS + tor NCS + refmodel

k=) Restore job

<« Flag/unflag job

/1, Toggle failed || () Delete

‘j Show details k=p Auto-run all unique jobs

Job history directory: /[Users/oleg/Documents/phenix/testing/GUIl/oklahoma/.phenix/project_data

ChimeraX Coot PyMOL KiNG Tools Help Server

R-free
0.3515

0.3501
0.3478
0.3556
0.3466
0.349

0.3506
0.3388

0.338

Current directory:

[Users/oleg/Documents/phenix/testing/GUl/oklahoma Browse... Q

Phenix version 1.21-5207-000

Project: oklahoma



Coot/PyMOL/ChimeraX integration

Most results can be opened directly in graphics apps

View results ! Open in Coot ‘ QX Open in ChimeraX TR (e in PyMOL

roundl.pdb 2 Conre mandal
- Openin text editor ™
Open in PyMOL
. - H
Configuration Open in COOT
Display structure

Number of pro

AutoSol, AutoBuild, and phenix.refine will update Coot
continuously while running

Coot must have Python support (default on Mac)

Specific paths to executables usually required on Linux

Preferences = Graphics > Full path to Coot [..PyMOL]



Command Line Tools

Run on the terminal

phenix.mtriage my model.pdb my map.map resolution=4

name of the program input files options

Run in a python script

inp = iotbx.pdb.input(fname)
model = mmtbx.model.manager(model_input=inp)
zs = rama_z([model], log=null_out())

z_scores = zs.get_z _scores()
print (z_scores)




Phenix Availability

phenix-online.org

Supported on:

o Linux

o macOS

o Windows

A comprehensive software package for macromolecular structure
determination using crystallographic (X-ray, neutron and electron) and
electron cryo-microscopy data.

NEW: Phenix with AlphaFold models

¢ Trim, weight, create domains and use for molecular replacement
* Trim, dock into cryo-EM maps and fill in gaps
* Reference models for refinement >

) Learn more

@ M - ]

EXte n S ive d O C u m e n ta t i O n Download Getting Started Workshops & Tutorials Documentation
(online and via GUI)

Nightly builds

Version

dev-
3758

Date

2020-
01-22

2020-
01-17

2020-
01-15

2019-
10-16

Status

successful

successful

successful

successful

® Q & 5

Help Developers National Resource Industrial Consortium
Logs Info
ci, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64, intel-windows-x86_64 docs; changelog
ci, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64, intel-windows-x86_64 docs; changelog
ci, intel-windows-x86_64, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64 docs; changelog

Official 1.17.1 release;

ci, intel-windows-x86_64, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64 docs; changelog




How to get help (give feedback)

Show documentation

/ / developers

R@al-space refinement (Project: oklahoma)

€3 il

Preferel Run Abort Save

ement Settings

By default real-space refinement applies Ramachandran restraints to the model to maintain good stereochemistry. However, if

your input

model contains Ramachandran outliers these restraints may lead to a non-optimal local geometry, which will require other validation
metrics to detect, such as CABLAM and the Rama-Z score. We recommend that you manually fix these outliers before running real-space

Job title :

Input

File path

Add file Remove file
Resolution :
Ignore symmetry conflicts
Output
Write initial geo file Write final geo file

@ !de

Format Data type

Map coefficients label :

Prefix :

Write all states

Run validation

Send question to

Project: oklahoma

Ask us a question

9 This form allows you to email a question directly to the Phenix
=1 developers (help@phenix-online.org). If you have images or files to
attach you should use a conventional email client instead.
Once your
message is received, a Phenix developer will contact you by email.
Questions asked via this mechanism are kept private and not

Important: please give us as much information as possible to answer your
question, including the exact messages (if any). We recommend searching the
documentation if you have not already done so, as your question may be
answered there.

All fields are required.

E-mail address :

osobolev@lbl.gov
el Oleg V Sobolev
Subject :
Question :



Reporting crashes (unlikely)

When something unexpected happens — let us know

@ Phenix error

. Python reported a fatal error; this may be caused by errors in the input files,
% problems with the program configuration, or coding errors. Please submit a
bug report to the Phenix developers by clicking "OK" and supplying your
contact information. If you are offline or behind a firewall, you may instead

save the debugging info as a text file and email it to us at
help@phenix-online.org.

Save to file...

Exception : This is a deliberately generated error for testing
the online bug report submission.

Traceback (most recent call last):
File "/Users/oleg/Documents/phenix/installs/phenix-1.21-5207/
modules/phenix/wxGUI2/Home/Main.py", line 778, in OnRaiseError
"the online bug report submission.")
Exception: This is a deliberately generated error for testing
the online bug report submission.

Cancel

@ Submit bug report

Phenix will send an error report to the developers. Please provide an email address
at which we can contact you with any follow-up questions. This address will not be
used for any other purpose. For convenience, you may edit this information in the
Preferences dialog. We do not receive any data as part of these reports, only
information about the error and operating system.

In order to fix a bug you will likely need to work with a Phenix developer to reproduce
the problem. Please assist us by having the input files and a rough idea of the
parameters chosen.

E-mail address (required) : oeoboleyaibl..goy

Your name (optional) :

Oleg

Comments (optional) :

Cancel

Valid e-mail so we can get back
to you for more info or with
solution



Video Tutorials

. Yﬂu channel: 62 videos

® ® (< EH] * f=} & www.youtube.com/channel/UCcdIOhfHngWAZLJWynxPQWg/videos = i ]

iCloud ATT Email Apple Apple System Status Google Maps Work v  News v  Journals v  Personal v —+

= ©BVoulube" Q # o Ao @

Trending

Subscriptions

Phenix Tutorials
560 subscribers

Library

HOME VIDEOS PLAYLISTS CHANNELS ABOUT Q

Uploads PLAY ALL SORT BY

Secondary - Multiple (22 Planning a SAD Map-to-model
Structure P ¢ refinement «° experiment Tut: - ——
Restraints $ strategies — L

B
[ |

How to run real-space-refine How to use secondary How to use multiple Simulate a SAD experiment Automatic map interpretation Scaling and merging
. structure restraints refinement strategies and... with... with map_to_model anomalous data
763 views * 7 months ago
CC 399 views * 8 months ago 281 views « 8 months ago 483 views * 1 year ago 1.3K views * 1 year ago 387 views ¢ 1 year ago
cc cc cc cc cc

EHECKINO. < * -© - ¢
data quality
with Xtriage

LLUL hit

Automated map cadiiiins. .
sharpening - g ﬁ CTT T

. Translational NCS ;':
Twinning phenix.xtriage ,
phenix.xtriage

Wato
\\..

Wilson plots and space group identification

phenix.xtriage m

6:08

Dorothee Liebschner, Nigel Moriarty,
Tom Terwilliger, Christopher Schlicksup, Vincent Chen



Some highlights



New tools for predicted models in Phenix

>chain ' A'

000000 XXCLTAPPKEAARPTLMPRAQSYKDLTHLPAP
TGKIFVSVYNIQDETGQFKPYPASNFSTAVPQSATAMLVTALKDS
RWFIPLERQGLONLLNERKITIRAAQENGTVAINNRIPLQSLTAAN
IMVEGSIIGYESNVKSGGVGARYFGIGADTQYQLDQIAVNLRVVN
VSTGEILSSVNTSKTILSYEVQAGVFRFIDYQRLLEGEVGYTSNE
PVMLCLMSAIETGVIFLINDGIDRGLWDLQNKAERQNDILVKYRH

AlphaFold model
prediction

(Phenix server, no need to
have AF installed locally)

Later today

Aligned residue

Scored residue

I I

0 5 10 15 20 25 30

Expected position error (Angstroms)

Process predicted
model

Predict and Build

(Iterative AlphaFold
prediction, docking, and

rebuilding)

Fully automatic!



Run Phenix tools through ChimeraX

[ ] [ ] ChimeraX
EIZ3 Molecule Display  Nucleotides  Graphics  Map  Medical Image  Markers  Right Mouse
BA o 9 )
M 28 i o, A
Open Recent Save : Snapshot Spin Show Hide Show Hide Stick Sphere  Ball White Black @ Simple Soft Full Inspect
movie stick
File Images Atoms Cartoons Styles Background Lighting Selection

Loca

Log

/Users/dcliebsch P

7_video_tutorials/35_Phenix_ChimeraX_ 1

EM fitting

p/Proj
Opened emd_12654_half map_1.map as

#1, grid size 250,250,250, pixel 1.54,

shown at level 0.0195, step 1, values float32

EM

Command: phenix location

nlacement)

i open

/Users/dclieb p/Proj 07_video_tutorials/35_Phenix_ChimeraX ]
Opened emd_12654_half map_2.map as #2, grid size 250,250,250, pixel 1.54,
shown at level 0.0197, step 1, values float32

/gll;:_:l i ktop/Proj 7_video_tutorials/35_Phenix_ChimeraX 1
Chain information for 3rkoL_trim.pdb #3
Chain Description
E No description available

volume #1 level 0.01947

volume #2 level 0.0261

transparency 50

ui tool show "Local EM Fitting"

marker #4 position 106.273,151.317,194.911 radius 43.3654 color 100,65,0,50
ui mousemode right "move markers"

marker change #4:1 position 88.01,144.1,185.5

marker change #4:1 position 91.3,147.2,168.7

Tomorrow

Q060 Models

Name CYNNENE 3 Close
emd_12654_half_map_1.map 1 LI o
emd_12654_half_map_2.map 2 _| .
BrkoL_trim.pdb | Shov.
markers 44 —

Q6 Volume Viewer

emd_12654_half_map_2.map 4|

@ _| #2 250° step 1 (@ Level .0261 -0.0402-0.177 surface &2 =

(xI5] Marker Placement

Marker color __| radius 1 Link color Il radius 0.5 Options

Place markers using mouse modes in the Markers toolbar

Automated water building
phenix.douse)

(EE MoleculeDisplay  Nucleotides  Graphics  Map  Medical Image  Markers  Right Mouse
oo TINOO =
MEBED &8 TS S5 &4
Open Recent Save | Snapshot Spin . Show Hide  Show Hide  Stick Sphere Ball | Whie Black = Simple Soft Ful . Inspect
movie stick
File Images Atoms Cartoons Styles Background Lighting Selection
(xI5] Log
006 Models
Name DIEE ) Close
7qeq 1 4 —
. emdb 13937 2l !
7aea douse slm e —
Volume Viewer
emdb 13937
® @ L[| #2 436° step 1 @ Level 526 -00174-0.0688 surface @ =
% [x]5] Water Placement Results
© Douse only (465) In common (293) Input only (12)
Water ~ | H-bonds Density | J
7qeq douse #3/L HOH 672 5 0.0136
7qeq douse #3/L HOH 654 5 0.0156
7geq douse #3/J HOH 860 5 0.0121
7qeq douse #3/I HOH 474 5 0.0156
7qeq douse #3/G HOH 457 5 0.0122
7qeq douse #3/F HOH 621 5 0.0121 Bl
H-bond parameters...
7qeq douse #3/E HOH 560 5 0.0156
7qeq douse #3/C HOH 738 5 0.0121
7qeq douse #3/B HOH 880 5 0.0156
7qeq douse #3/L HOH 686 4 0.0103
7qeq douse #3/L HOH 683 4 0.00946
7geq douse #3/L HOH 665 4 0.0277
Delete chosen water(s) Unclip [
Go to next water in list after Delete
(Command: open 13937 from EMDB

Lo LI
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