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Phenix - a Structural Biology Hub

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

With Los
Alamos, Duke U,
Cambridge U. |
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What is PHENIX?

Package for automated structure solution

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 Hierarchical ENvironment for Integrated Xtallography
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Key Features

® Python
® Easy scripting of repetitive tasks
® Enables rapid prototyping and development

® Advanced algorithms

Experimental phasing

Molecular replacement

Automated model building and rebuilding

Structure refinement and validation

Ligand coordinate and restraint generation

® Rapid development and bug fixing
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Automation of Structure Solution

phenix.autosol

phenix.xtriage

5

phenix.autobuild

molprobity

Labelit

3

phenix.automr /

phenix.refine

—

phenix.ligandfit

. —

A N

Acta Cryst. 2002, D58:1948-1954. phenix.elbow ligand screen
L. Appl. Cryst. 2002, 35:126-136.
Acta Cryst. 2010, D66: 213-221
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http://www.iucr.org/cgi-bin/paper?ba5027
http://www.iucr.org/cgi-bin/paper?ks0118

Command Line Tools

® Data validation
® phenix.xtriage porin fp.mtz
® Automated structure solution
® phenix.autosol data=peak.sca seq file=nsf-d2.seq

® Automated model building

® phenix.autobuild data=scale.mtz model=mr.pdb
seq fille=correct.seq

® Automated ligand fitting

® phenix.ligandfit data=nsf-d2.mtz model=noligand.pdb
ligand=atp.pdb

® Structure refinement

® phenix.refine nsf-d2.mtz nsf.pdb

® Building ligand coordinates and restraints
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® phenix.elbow --smiles=“C12CC3CC(C2)CC(C1l)C3”
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Phenix GUI

® Central GUI to view job control and launch new jobs

PHENIX home

©OA?2 2 @ E e **0@

Quit Preferences Help : New project Project settings Job history Citations Reload last job Coot PyMOL KiNG

Click or drag-and-drop files onto a program to launch it. To switch to a project, click the "Choose this project” button.
Projects Reflection tools $
ID Last modified # of jobs R-free Model tools
« 10168 Aug 17 2010 11:51 ... 19 0.3665 (:\ ; =
18OV Jul 05 2010 02:33 PM 2 None Experimental phasing
2hr0 Sep 19 2009 01:16 ... 2 None ‘@ AutoSol
3g5u Nov 14 2009 03:14 ... 1 None - Automated experimental phasing with model-building
3lna May 18 2010 06:45 ... 5 0.3901 Phaser-EP
actin-2010 May 31 2010 06:18 ... O None 5 Maximum-likelihood SAD experimental phasing
calmod'ulm None 0 None . Density modification
chennai-aZu-gl... Jan 192010 01:37 AM 6 0.2547 é& Simple interface for running density modification only using AutoBuild
chennai_p9_sad Mar 03 2010 07:18 ... 4 0.3157 and RESOLVE
ggr-2010 Mar 16 2010 03:50 ... O None
. Molecular replacement
gui None 0 None
haemoglobin Mar 27 2010 09:34 ... 6 0.2977 Model building
horseHB Oct 26 2009 08:57 ... 2 0.5026 }’ AutoBuild
insulin Nov 15 2009 11:33 ... 1 0.2039 <" Automated model-building and refinement
jason-kim Jul 05 2010 05:12 PM 25 0.4706 ‘. /S' Find Helices and Strands
lysozyme Oct 24 2009 09:25 ... 3 0.3336 Fast chain tracing
lysozyme-mono ... Mar 08 2010 12:33 ... 6 0.5638 .
Fit Loops
lysozyme_test Nov 152009 11:11 ... 1 0.2329 _ . i
) Fast placement of missing loops in electron density
mmcpn-compari... Aug 03 2010 04:15... 3 None
mmcpn_dec_2009 Dec 12 2009 09:27 ... 9 0.2624 Refinement
nsf-ligand Mar 06 2010 08:56 ... 1 0.3002 phenix.refine
p9 Nov 26 2009 11:16 ... 11 0.2612 Automated X-ray and neutron refinement N/
p9-sad_pdadams Jun 15 2010 09:58 AM 3 0.2473 ReadySet
porin-twin Apr 3020101132 ... 1 None 4 Utility for preparing PDB files for refinement - automatically generate
narin_twin nrad lin NQ 2N1N NVAS PAM 2 N14R1 )4 restraints and add hydrogens
Maps v
Output directory : /Users/pdadams/Work/Structures/1216B Browse...

PHENIX version 1.6.4-486
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Project: 10168

P h e n 'x GUI: Nat Echols (LBL)
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Coot/PyMOL integration

Most results can be opened directly in graphics apps

AR
i. Open in Coot | 7N

® Any PDB file listed in GUI can also be opened

roundl.pdb Q :

] Cenre randal ﬂ
. Open in text editor ——

Configuration

High-resolution limit : 2.1 Number of pra

AutoSol, AutoBmId 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

f‘\l ] ® Preferences->Graphics->Full path to Coot [...PyMOL]
BERIGLEY LAG Phemx




Recent Developments

* Automated structure solution with weak * Low resolution refinement algorithms:
anomalous data * Rosetta refinement

* Translational NCS corrections in SAD * Reference model
phasing * Torsion NCS

, . e Structure restraints
* MR_Rosetta and morphing for rescuing

poor MR solutions
* Translational NCS corrections in MR

New model validation metrics

* New hydrogen validation tools

* New Rosetta methods for RNA * New riding hydrogen model

rebuilding (ERRASER) * Feature Enhanced Maps to improve

 Automated ion placement in refinement interpretability

» Automated ligand pipeline * Polder maps for better ligand density
* Ensemble refinement to understand

* DIALS included in Phenix distribution dynamics and structural variability

* Support for mmCIF format (for
structure deposition)
* Video Tutorials
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Impressive Cryo-EM Achievements
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Map Resolution
® Biggest growth is in the 3-4A range

® Substantial number of maps in 4-5A range

B Better than 2.0
2.0-3.0

©3.0-4.0

H40-5.0

675

Maps Deposited/Year
H
o1
o

225

2010 2011 2012 2013 2014 2015 2016 2017 2018

* Not all maps have an

BERKELEY LAB P h e n x associated model
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ew [ools for Cryo-EM in Phenix

utomated map
sharpening

Rigid model docking

Map segmentation

eoe Comprehensive validation (CryoEM) (Project: rea-space-refine-6crz)
? o 2
Preferences Help Run  Abort Ask for help
Input/Output  ValidationCryoEM_7 4 b
Summary y Model Model vs. Data Data 4 b
Files
Model:  /Users/PDAdams/Documents  rea-space-refine-6crz/model.pdb
Map:

/Users/PDAdams/Documents/ rea-space-refine-6crz/map.ccpd

@ Open in Coot Export Table 1

White cells are mostly informational.
Green cells imply that the values are in an acceptable range.
Yellow cells imply that the values need to be checked carefully.

Red cells imply that the values are cocerning and that the model should be checked very thoroughly.
Clicking on a row will bring up a panel with more detailed information.

Model
MolProbity Ramachandran
MolProbity score 172 Outliers % ~ 0.00  (Goal: < 0.2%)
Clash score 5.44 Allowed (%) 6.45
Rotamer outliers (%) 0.00 (Goal: < 1%) Favored 06  93.55 (Goal: > 98%)
CB outliers 0 (Goal: 0)
CaBLAM Peptide Plane
Outliers (%) 3.88 (Goal: <= 1%) cis-proline (6) 0.00
Disfavored (%) 8.96 (Goal: <= 5%) twisted proline (%) 0.00
Ca outliers (%) 119 (Goal: <= 0.5%) cis-general () 0.00
twisted general (%) 0.00
Geometry Restraints
Bond Angle Dihedral
@ Idle Project: rea-space-refine-6crz.

-~
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Model and map
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Challenges

® | ow resolution structure solution and refinement
® Structure completion

® Automated identification, fitting and refinement of ligands,
metals, ions, and water

® Identification, fitting and refinement of discrete disorder

(multiple conformations)
® Representing other forms of disorder
® Automated parameterization of models in refinement
® ADPs, TLS groups, NCS, hydrogens

® Handling different kinds of twinning and integrating it
into the whole crystallographic process

® Automated understanding of chemistry
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PHENIX Availability

[ ) ® < (Em] * fat Not Secure — www.phenix-online.org © E! o

° : :
henix-online.or | -
p [ ] 8 iCloud ATT Email Apple Apple System Status Google Maps Work v News v  Journals v  Personal v -+

‘ h e n 'x Python-based Hierarchical ENvironment for Integrated Xtallography

Documentation: (HTML) FAQ Search Documentation What's New

E2
m)

. . . . Documentation
PHENIX is a software suite for the automated determination of molecular structures using X-ray crystallography and

® S u P P O rte d O n : other methods. %

Download the latest official release (1.15.2) [First request download password] Recent Changes

o L' R d H F d Download the latest nightly build or prerelease Platforms
I n UX e at, e O ra Download Phenix

Help: Email Us Report a Bug List Archives Subscribe to Mailing List = Search Phenix Mailing List Publications

() P 1 Using PHENIX (release 1.15.2): Metrics
aC O SX - The PHENIX Graphical User Interface Newsletter

- Assessing data quality with phenix.xtriage Presentations

- Automated structure solution with AutoSol Download Data

() . - Automated molecular replacement with Phaser-MR i
W| N d OWS - Automated model building and rebuilding with AutoBuild Computational
- Automated ligand fitting with LigandFit Crystallography
- Structure refinement with phenix.refine Toolbox
. . . - Generation of ligand coordinates and restraints with eLBOW Macromolecular
Neutron
Exte n S Ive d O C u m e ntatl O n The PHENIX system also includes SOLVE/RESOLVE, Phaser, the CCI Applications (phenix.xtriage, phenix.refine, elbow and Crystallography
many more), components from MolProbity, and the Computational Crystallography Toolbox in a Python framework. Consortium
Citing PHENIX: Contact Us
PHENIX: a comprehensive Python-based system for macromolecular structure solution. P. D. Adams, P. V. Afonine, G. The PHENIX
Bunkéczi, V. B. Chen, |. W. Davis, N. Echols, J. J. Headd, L.-W. Hung, G. J. Kapral, R. W. Grosse-Kunstleve, A. J. McCoy, N. W. Team
Moriarty, R. Oeffner, R. J. Read, D. C. Richardson, J. S. Richardson, T. C. Terwilliger and P. H. Zwart. Acta Cryst. D66, 213-221  Acknowledgments
(2010). Licensing

Intranet

® N | ghtly b u | I d S : Funding for PHENIX: NIH General Medical Sciences

The PHENIX system also can be used for neutron crystallography. NIH funding supports the development of this capability

Version Date Status Logs Info
2019-05- o . . . " :
dev-3512 o1 successful i, intel-windows-x86_64, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64 docs; changelog
2019-05- o . . . , )
dev-3500 09 successful  ci, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64, intel-windows-x86_64 docs; changelog
2019-05- . . . . . . )
dev-3494 03 successful intel-linux-2.6-x86_64-centos6, ci, mac-intel-osx-x86_64, intel-windows-x86_64 docs; changelog

1.15.2- 2019-04- . . . . . Official 1.15.2 release; docs;
3472 1 successful ci, intel-windows-x86_64, intel-linux-2.6-x86_64-centos6, mac-intel-osx-x86_64 changelog —
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3 YouTube "

Subscriptions

Library

HOME VIDEOS

Uploads PLAY ALL

real_space_refine

Ut

it

iCloud ATT Email

Phenix Tutorials

560 subscribers

PLAYLISTS

Secondary
Structure
Restraints

Video Tutorials

@ www.youtube.com/channel/UCcdlOhfHngWAZLJWynxPQWg/videos

Apple Apple System Status

CHANNELS ABOUT

Multiple
refinement
strategies

Google Maps

Work v  News v

Q

Journals v

¢ O

Personal v

Q

How to run real-space-refine

763 views * 7 months ago
CcC

Automated map
sharpening

A
||||
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How to use secondary
structure restraints

399 views * 8 months ago
CcC

How to use multiple
refinement strategies and...

281 views * 8 months ago
CcC

%

S

)
Wilson plots and space group identification

phenix.xtriage m

Simulate a SAD experiment
with...

483 views * 1 year ago
CcC

yuuY k-hd
RRRR

Twinning
phenix.xtriage

6:08

Automatic map interpretation
with map_to_model

1.3K views * 1 year ago
CcC

Translational NCS 28
phenix.xtriage

Scaling and merging
anomalous data

387 views ¢ 1 year ago
CcC

Checking ~* ©

data quality ~
with Xtriage

Dorothee Liebschner, Nigel

Phenix

2= Moriarty, Miffy Mifsud, Tom Terwillige
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Tutorials

® Cryo-EM model placement and building
® Symmetry determination

® Rigid body model fitting

Map sharpening

® Map segmentation

® Automated model building

Atomic model optimization and validation
® Structure refinement (crystallography and cryo-EM)

® Validation

A
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Tutorial Format

Use graphical user interface

® PHENIX home

" * ,
© A ? “ & F o 3
Quit Preferences Help Citations Reload last job Coot PyMOL KiNG Other tools Ask for help
Actions Job history
Projects Favorites
Show group:  All groups B Manage... Data analysis

Experimental phasing

«” Select Q Delete & New project €9 Settings

Molecular replacement

ID Last modified # of jobs R-free
brink May 17 2019 01:0... 5 0.3868 Model building
sec17-sad_0 May 02 2019 06:2... 3 0.3684 Refinement
nisha2 Apr 29 2019 11:54... 57 0.5146
. . Cryo-EM
nisha Apr 28 2019 07:21... 67 0.4645
toxd-mr_0 Apr 26 2019 10:53... 6 0.4918 S Mtriage
p9-sad_0 Apr 25 2019 10:26... 1 0.2898 Analyze quality of maps in CCP4 format
<« apo-ferritin-csh... Apr 25 2019 09:43... 26 --- @7 Map to Model
apo-ferritin_0 Apr 17 2019 07:50... - Model-building into cryo-EM and low-resolution maps

rnase-s_1 Apr 17 2019 03:08...
apo-ferritin-test  Mar 24 2019 02:36...

9 &
1 0.2644 @ Real-space refinement
7

real-space-refin... Mar 23 2019 09:25... 2 -
1
1
3

Automated refinement using real-space maps (Cryo-EM, X-ray, ...)

rotavirus-model... Mar 23 2019 08:22...
rotavirus-autosh... Mar 23 2019 07:54...
groel_dock_refin... Mar 23 2019 07:47...
apo-ferritin Mar 23 2019 07:14... 29 - ﬂ
rotavirus-autosh... Mar 23 2019 03:37... 1
real-space-refin... Mar 18 2019 11:45... 1 - ~ Autosharpen Map
rotavirus-model... Mar 18 2019 11:28... 1 — .+ Tool for sharpening a map

2

1

« Comprehensive validation (cryo-EM)
N Model quality assessment, including real-space correlation, for cryo-EM
structures

EMRinger

Model validation for de novo electron microscopy structures

groel_dock_refin... Mar 18 2019 11:13... -— : Dock in map
real-space-refin... Mar 18 2019 08:06... --- #» Tool for docking a model in to map

Qroel dOCk I‘efin... Mar 18 2019 07:58... 6 - Seauence From Man
Current directory: | /Users/PDAdams/Work/Structures/apo-ferritin-cshl-2019 Browse... Y
PHENIX version 1.15.2-3472-000 Project: apo-ferritin-cshl-2019

A
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Tutorial Format

® Use tutorial datasets distributed with Phenix
® Should run on most laptops (2GB RAM, multiple CPUs

bet==

PHENIX home
Drafarancac  Haln Citatinne Ralnad lact inh Cant  DuhMOI KiNG Nthar tanle Acl far halg
O Tutorial setup
Acti(
Proj \'.: a~/ PHENIX comes with several example datasets used for training purposes. Please select a
[ €7 tutorial to run and a destination directory for the project; a new project will be created
v
Show P‘ automatically, and the files copied to the final location. The destination directory may
, 5 contain other projects, but it should not be a project directory itself.
7 S| _
! Tutorial data: Human apo-ferritin (Model building at 2.9A) ﬂ
ID 1
bri Destination: ‘VUsers/PDAdams/Documents Browse...
sel ]
nid Append user name (PDAdams) to project ID B ctors
nis View README '
toy | files
. Cancel (CTSN
<" ap
apu=rermumi_v TP T O T UT O [
rnase-s_1 Apr 17 2019 03:08...  Project directory :
apo-ferritin-test  Mar 24 2019 02:36... ’
real-space-refin... Mar 23 2019 09:25... SESETED L -
rotavirus-model... Mar 23 2019 08:22...  aqdd to group : None
rotavirus-autosh... Mar 23 2019 07:54... J . ) .
groel_dock_refin... Mar 23 2019 07:47... Switch to this project
apo-ferritin Mar 23 2019 07:14... Set up tutorial data...
rotavirus-autosh... Mar 23 2019 03:37...
real-space-refin... Mar 18 2019 11:45...
Cancel

rotavirus-model...
groel_dock_refin...
real-space-refin...
aroel dock refin...

Mar 18 2019 11:28...
Mar 18 2019 11:13... — .
Mar 18 2019 08:06... 1 S

- - ww e

Tool for docking a model in to map

<>

Browse... 4
Browse... 4
OK

Mar 18 2019 07:58... 6 --- Seauence From Man

Current directory:

/Users/PDAdams/Work/Structures/apo-ferritin-cshl-2019 Browse... 4
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PHENIX version 1.15.2-3472-000

Project: apo-ferritin-cshl-2019
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