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Automation of Structure Solution
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Automation of Structure Solution

phenix.autosol

phenix.xtriage

=

Labelit

phenix.autobuild

molprobity

phenix.automr p—

phenix.refine

p—

phenix.ligandfit

Acta Cryst. 2010, D66:213-221. phenix.elbow ligand screen
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Why Automation!?

Can speed up the process and can help reduce errors

Software can try more possibilities than we are typically willing to
bother with

® Makes difficult cases more feasible for experts

® Routine structure solution cases are accessible to a wider group of
(structural) biologists

® Multiple trials or use of different parameters can be used to estimate
uncertainties

® What is required:
Software carrying out individual steps
® |[ntegration between the steps (collaboration between developers)
® Algorithms to decide which is best from a list of possible results
® The computer has to make the decisions
® Strategies for structure determination and decision-making
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PHENIX resources online

® help@phenix-online.org: user support

® bugs@phenix-online.org: bug reports

® phenixbb@phenix-online.org: message board
(subscribers only)
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Obtaining PHENIX

Free to academic users; simple online registration
required (please use your academic email address!)

Regular official releases (typically 2-8 months)

Nightly builds

Regular releases

Supported on:
® Linux (RedHat, Fedora)
® Mac OSX

Extensive
documentation
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Command line tools

Very simple and intuitive syntax
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-dZ2.mtz model=noligand.pdb
ligand=atp.pdb

Structure refinement
phenix.refine nsf-d2.mtz nsf.pdb

Building ligand coordinates and restraints
phenix.elbow --smiles=%"Cl12CC3CC(C2)CC(C1l)C3”
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Why a GUI?

® Condense and summarize output
® Human beings make poor text parsers

® Many results are inherently graphical - better to plot data
than show a table

® Higher-level automation:

® Simplify transitions between programs, and automatically
pick relevant files

® Suggest appropriate next steps (or run them immediately)

® Track and organize results for a project

LAWRENCE BERKELEY NATIONAL LABORATORY



PHENIX GUI: Major features and design goals

Automatic interface generation based on underlying configuration files

All features available in command line versions should be present in the GUI as well
Integration with Coot and PyMOL for nearly all programs
® Validation GUI directly controls graphics windows

Graphical presentation of current progress (where appropriate) and results
Drag-and-drop of files (from desktop or between windows) supported in most interfaces
Visual atom selections (mainly for phenix.refine)

Customization of program behavior and project details

Simple transitions between programs: start AutoBuild directly from AutoSol, etc.

Run processes either directly in GUI or independently (“detached”)

A Citation info

Please select the journal convention 10 use for printing citations.

Track and display appropriate citations for programs used “

Cell &4
Citations -

Cancel / OK \

Automatic bug reports for Python errors - sent directly to me

LAWRENCE BERKELEY NATIONAL L ABORA T O R Y



Central interface

Simple utilities

® Project management and application list (including download

from PDB)
OO PHENIX home )
Actions Job history
. Projects Reflection tools M
Many user-adjustable | Xiitaga
. . «” Select ] \ 2 Delete I ' . New project ] I&) Settings
setti ngS In here [ 0 = ; Analysis of data quality and crystal defects
D # of jobs R-free
xa s ! L ;. Reflection file editor
o
. 28 0.2508 oot ool Mo
Sep 192011 03:10... 30 0.2820 +, Calculate F(model)
scratch Sep 19 2011 02:24 ... 56 0.0043 W urility for generating structure factors from a PDS file
PrOieCt'SPeCiﬁC / PknB_D76A Mar 16 2011 07:17... 31 0.2982 A 'mpon CIF structure factors
settings (including ::11 _— :::r117322(:’01111003‘5:0586‘;;;1 : - «* Convert data deposited in PDB to MTZ format
in=- . -
- ' .+ French & Wilson data correction
default files) pka-compare_nat Oct 13 2010 11:37 ... 3 0.2533 G
beta-blip Oct 13 2010 09:41 ... 15 - "
nsf-d2-ligand_nat Oct 13 2010 09:35 ... 1 --- . Model-based phases
pGl Mar 11 2010 07:37 ... 7 0.2284
g 3D data viewer
S OpenCL visualization of reflection data in reciprocal space
= 2D data viewer
m Visualization of reflection data in slices through reciprocal space
Model tools
.. PDBTools
“x, Urility for simple modifications of PDB files, including geometry
" regularization
Combine PDB files :
Current directory: /private/var/tmp ( Browse... ) Q
PHENIX version dev-683 Project: scratch
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Project management

A Choose project

PHENIX relies on a project database to track individual jobs and task preferences.
. M You must define at least one project to run jobs. (Make sure you pick the
rOl ects are I I Ial n y u Se to trac ( appropriate project for the files you are using, since some settings and additional

files may be loaded automatically.)

related jobs and store results @ Use the last modified project debug)

Some project-specific settings n s ot
available (X-ray data, hyd rogen Noe: ¥ you change projects, PHENDX wil swhch into the appropeiase diectoy for
addition) o)
Creating a project in a directory e Create proje

Please choose a simple project ID (alphanumeric and underscore characters only) and project

° . ¢¢ ° 9
WI I | ad d a S u bd I re Cto ry o P h e n IX A \ directory. The directory should not overlap with a previously defined project directory. PHENIX

will store settings and files specific to this project in a subdirectory named '.phenix’.

to store internal data j »
Tutorial setup with sample data e ot o —
NnOow integrated With PrOjeCt Set up tutorial data. . .

management

“Cancel ) ( OK )

(2} Tutorial setup

PHENIX comes with several example datasets used for training purposes. Please select a

Things to avoid:
L]

tutorial to run and a destination directory for the project; a new project will be created

automatically, and the files copied to the final location. The destination directory may

¢ Maklng your home contain other projects, but it should not be a project directory itself,

directory a project directory Tutorial data: | P. aerophilum transiation inftiation-factor 5a (experimental phasing (SAD) B
° Nesting Proiect directories Destination: | /Users/nat/Documents “Browse...

* Moving project directories - et

use “‘Move project” in the
Projects menu for this

View README

_ Cancel —o )
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Project history

Display can be limited to specific programs with this menu

OO0 PHENIX home =
n g 45 ¢
© A ? o/ 4@
Quit Preferences Help Citations Reload last Coot PyMOL KiNC Other tools
Actions  Job history
Jobs for project scratch
Show only: ﬂ || Hide failed or aborted jobs
Sort by: Job ID ﬂ __| Show flagged jobs only
Th | S |CO n 0 Program Date Job title or directory R-free
. . 38 phenix.reflection_file_editor Sep 07 2010 12:53 pm —— ——
IndlcateS th at 39 phenix.cif_as_mtz Oct 11 2010 11:51 am -— -—
. . 40 phenix.validate Oct 11 2010 11:55 am - 0.2249
the ]Ob fal Ied 41 phenix.xtriage Nov 23 2010 02:24 pm - -—
f 42 phenix.validate Nov 23 2010 02:31 pm —— 0.34
( or any 43 phenix.pdbtools Nov 27 2010 04:42 pm === ---
44 phenix.xtriage Mar 16 2011 07:20 pm [ phenix.xtriage ) —-——
reaso n) Iy 45 phenix.refine Mar 16 2011 08:44 pm [ phenix.refine | -—
\ & 46 phenix.refine Mar 16 2011 08:48 pm [ phenix.refine | -—-
47 phenix.refine Mar 19 2011 06:38 pm [ phenix.refine ) 0.1638
This icon / 48 phenix.fmodel Mar 21 2011 12:21 am fake Fs for cyclic peptide -—
49 phenix.refine Mar 21 2011 12:31 am [ phenix.refine ) 0.0043
ind icates an &3 50 phenix.refine Mar 24 2011 09:40 pm [ phenix.refine ] -—- T
. s1 phenix.refine Mar 25 2011 11:40 am [ phenix.refine ) 0.1638 i
aborted ]Ob 52 phenix.refine Mar 25 2011 03:57 pm [ phenix.refine ) 0.1622 .
53 phenix.refine Mar 25 2011 04:01 pm [ phenix.refine | 0.1611 )
54 phenix.xtriage Apr 13 2011 08:19 pm [ phenix.xtriage ) -— !
S5 phenix.refine May 02 2011 10:28 am [ phenix.refine | 0.1656 >
56 phenix.xtriage Sep 19 2011 02:24 pm [ phenix.xtriage ) - :

) Restore job | '\/ Flag/unflag job

i 44 Mark as failed . @ Delete | ¥ Show details

‘Currentdlrectom /priviite /var/tmp

PHENIX version dev-683

e —.
L Browse... \

Project: scratch

/

“Flagging” a job marks
it as important

I
This button opens a

summary panel (next slide)

LAWRENCE BERKELEY NATIONAL LABORATO R Y



Project history: job summaries

® Overview of input and output files, and statistics

O Project 'scratch’: job #55
ID: 55 Refine Runon May 02 2011 10:28 am

Restore results Flag as successful

Title: [ phenix.refine )

Directory: /private/var/tmp/Refine_55 |

Config file:  .phenix/project_data/refine_55.eff "7"\‘
Statistics:
R-work: 0.1857 R-free: 0.1656

RMSbonds: 0.007 RMSangles: 0.917
Input files: (SP = /var/tmp)

File name Parameter
C{_ /private/var/tmp/lyjp.mtz Reflections file, File with R(free...
{ /private/var/tmp/lyjp.pdb Input model
Output files:
File name Contents
“{_ scratch_refine_55.eff Effective parameters for this run
{_ scratch_refine_55.geo Geometry restraints before refi... U
-{_ scratch_refine_55.log phenix.refine log file
“{_ scratch_refine_55.mtz Map coefficients for Coot
{ scratch_refine_55.pdb Refined model

Eeeessseeeeeeeeeesss L AWRENCE B ERKELEY NATIONAL LABORATORY




Project directory layout

® |nside each project directory:

.phenix/

project.phil basic project info

job history.phil job history (without details)

tmp/ folder for temporary files

defaults/ various default files (if defined)

project data/ data for individual jobs
job [i] .phil record of input/output files and statistics
te f}ne_:_ -ett job runtime files (including
ref}ne_:_ - 109 log and saved result)
refine 1.pkl

® You should not need to modify any of these files



New feature (January 2012): project groups

® An additional sorting layer, primarily for managing common
files and settings - mostly* optional

Actions SRRy *Tutorials are automatically added to a “PHENIX tutorials”
Projects group - any other project will not be part of a group unless
explicitly specified
Show group: | PHENIX tutorials 4 ’ Manage... plicitly specif

/\

&, New project | &9 Settings |ﬂ“

Add project group

L Last modified # of jobs R Project groups are a way to manage related structures, such as different ligand soaks of the

< beta-blip Jan 20 2012 05:10... O - / same protein, or unrelated proteins at low resolution. You may create default settings or files
for groups as if they were projects, and these defaults will be applied to any project in the
group. Projects can be added to the new group once it is created, and may be included in
more than one group if desired. (Note that if you run any of the built-in tutorials, these will
automatically be added to a "PHENIX tutorials™ group.)

N The group name should be a descriptive phrase, such as "Low-resolution structures” or “Kinase
(&) Set project groups mutants”. The directory is optional; if you do not specify one, the group data will be stored in a
central location in your home directory. (It does not need to be in the same path as the projects that
are in the group, but this is probably the most convenient layout.) The sequence file is only

A project may be a member of any number of groups, for which common settl

/ be applied.
_ . recommended if you have multiple projects for the same protein; otherwise, specify a sequence for
Project ID:  beta-blip each project individually.
PHENIX tutorials Group ID: “
PknB
Groups: _ | Berkeley structures Group name:
Directory (optional): /\ Browse... /\
S . K \
‘" Cancel ) Sequence (optional): ( Browse... ) [

1 ( Cancel ) ( OK )

e | AWRENCE BERKELEY NATIONAL L ABORA T O R Y |



User preferences

® Settings for overall behavior and individual programs

8.0.0 PHENIX preferences
e \A:\, Sh n.eve PHENIX preferences
2. .S & K ') |
General Processes Refinement Wizards  Graphics | r \/ﬁ”’\‘ 3-” ) :
2. @ & {'é‘ £ 3 9
) - General Processes Refinement Wizards  Graphics Files User info Colors
% Graphics -
@ Show progress in graphics window Genera' T
Refinement visualization program : | Coot Some changes may not take effect until you restart PHENIX. l
I
@Always clear old graphics objects User level : [Advanced = ] }
__| Show validation results in Coot GUI ¥ Disable check for new versions on startup :
| Launch Coot on startup || Email bug reports to local contact :
[2] Recenter on selected residues/atoms [2] CC PHENIX developers on emailed bug reports :
¥ Show cartoon trace for domain-level selecti ™ show platform info in bug report |
Full path to Coot: /usr/local/bin/coot i Collapse program listings l
Full path to PyMOL : || Automatically open Jobs window when main GUI is started
5 || Hide failed or aborted jobs
XML-RPC timeout (milliseconds) : 250 [
M Ask for confirmation before quitting
| Disable XML-RPC server
— M [2] Enable alpha-test programs and features
|| Disable splash screen ,
v
( )
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Overview of available programs

Central interface (“phenix”’ command)

AutoSol, AutoMR, AutoBuild, and LigandFit wizards
phenix.refine (and associated utilites)

Xtriage - comprehensive assessment of data quality
Phaser - advanced interface for MR and SAD

Validation - most of Molprobity, and more

Several map-related interfaces

Reflection file editor - combine files, create or extend R-free flags

REEL - graphical restraints editor (Nigel Moriarty)

40+ programs currently available, more coming soon



Overview of available programs

Molecular replacement

__ AutoMR (simple interface)

-« Automated molecular replacement with Phaser - search for a single
ensemble

. ... AutoMR (advanced interface)

. Automated molecular replacement with Phaser - supports multiple
"~ ensembles and components

Experimental phasing

@,¢~ AutoSol

& Automated experimental phasing with model-building

__ Phaser-MR (simple interface) [alpha]

-« Automated molecular replacement with Phaser - search for a single
ensemble

Hybrid Substructure Search

Dual-space identification of heavy-atom sites

Phaser-MR

= - . .
Maximum-likelihood molecular replacement

‘ Phaser-EP

5 Maximum-likelihood SAD experimental phasing

@’;y MRage - automated pipeline [alpha]
#41 << Integrated model identification, preparation, and parallel MR search

Model building

»w MR-Rosetta (beta)
rrf AutoMR combined with Rosetta model improvement and AutoBuild for

difficult structures

AutoBuild

"~ Automated model-building and refinement

- Sculptor

é Modify a molecular replacement search model

<+ Phase and build

'@ Faster auto-building combined with density modification

& Sculptor - Coot interface
- Extension to Coot GUI for running Sculptor interactively

/& Find Helices and Strands
" Fast chain tracing

g« Ensembler
#- Create ensemble of models for molecular replacement

Fit Loops
Fast placement of missing loops in electron density

by 4 Parallel Phaser [alpha]

/., Evaluate many different search models independently across multiple
_(l
processors

i

£+ Morph model

Model improvement for poor molecular replacement solutions

e | AWRENCE BERKELEY NATIONAL L ABORA T O R Y |




Overview of available programs

Maps

Ligands

Calculate maps
Utility for creating likelihood-weighted maps using model phases, output
as MTZ file or CCP4-format maps

' ‘f% LigandFit

Fitting of ligands into electron density

FFT map coefficients
Cenerate map file(s) (in CCP4 or XPLOR format) from an MTZ file containing
one or more sets of map coefficients

eLBOW
electronic Ligand Building and Optimization Workbench: ligand restraints
generation and optimization

. AutoBuild - create omit map
ég:? Simulated annealing and iterative-build omit maps using the AutoBuild
' wizard

~, eLBOW (wizard-style) [alpha]
Simplified interface to eLBOW

REEL

Ligand restraints viewer and editor

Density modification [alpha]
% Simple density modification by solvent flipping

RESOLVE density modification
& Simple interface for running density modification only using AutoBuild and
RESOLVE

: Ligand identification
Automated ligand search using database of 200 most frequent ligands, or
user input

Guided ligand replacement
' Ligand fitting based on an existing protein-ligand complex

& Isomorphous difference map
Create Fo-Fo map from isomorphous datasets

Refinement

Superpose maps
Superpose two PDB files and transform the associated map coefficients to
the new orientation

phenix.refine
Automated X-ray and neutron refinement

Cut out density
Extract an arbitrary user-defined region from map coefficients file

DEN refinement [alpha]
Deformable elastic network refinement using simulated annealing, for
low-resolution and molecular replacement structures

g‘ Multi-crystal averaging
@ Density modification with multi-crystal averaging of maps

Find difference map peaks and holes

x
@ Identify local maxima and minima in mFo-DFc map (and anomalous map if
available) and flag waters with excess density

ReadySet

restraints and add hydrogens

Covalent ligand setup [alpha]

* Generate link restraints for various covalent ligands, such as carbohydrate

0 groups

§ Utility for preparing PDB files for refinement - automatically generate
@

LAWRENCE BERKELEY NATIONAL LABORATO R Y




Overview of available programs

Reflection tools

Model tools

Xtriage
Analysis of data quality and crystal defects

.2 Reflection file editor
®  Utility for merging and converting reflections

\
'

PDB Tools

Utility for simple modifications of PDB files, including geometry
regularization

+,. Calculate F(model)

|
Utility for generating structure factors from a PDB file

Combine PDB files

. Merge a model split across multiple files, with automatic chain
"~ renumbering and clash check

-2 Import CIF structure factors

455

® Convert data deposited in PDB to MTZ format

‘el Superpose PDB files

S Simple structure alignment program

».2 French & Wilson data correction

® Statistics-based handling of negative intensities

- Model-based phases
:;;.I; Utility to obtain PHI, FOM, and Hendrickson-Lattman coefficients from
] data and PDB file

- _ Find NCS operators
ﬁ' Identify non-crystallographic symmetry in model, heavy-atom sites, or
% electron density map

e{.« Apply NCS operators

i,_‘? Transform a molecule by NCS matrices to generate complete structure

3D data viewer
M OpenCGL visualization of reflection data in reciprocal space

=1 2D data viewer
=2+ | Visualization of reflection data in slices through reciprocal space

Add conformations [alpha]

Add alternate conformations in bulk, for an entire model or user-defiend
atom selection

Utilities

Validation

« Comprehensive validation

%  Model quality assessment, including real-space correlation and geometry
inspection using Molprobity tools

F 1 Simple calculation of CC between two sets of map coefficients in MTZ format,

l,:. Calculate map correlations
accounting for origin shifts

"+ POLYGON

| Graphical comparison of validation statistics and the PDB

l,:, Calculate model-map correlations

::::‘ Simple calculation of CC between a PDB file and map coefficients in MTZ
format, accounting for origin shifts

., Structure comparison

&~ |dentify differences between multiple structures of the same protein, using
multiple criteria

Generate "Table 1" for journal

Extraction of final model statistics for publication, including data processing
logfiles

e | AWRENCE BERKELEY NATIONAL L ABORA T O R Y |
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Simple viewer for detector images, similar to ADXV




“Expert level” control in dialog windows

Miscellaneous settings. . .

Configuration interfaces can -
be dynamically adeSted to M:ximumin(eralions: 25

|| Use form factor weights

show only the most basic/ s gomery s

| Use convergence test

popular options, or more

Max number of resolution bins : 10

etai I . Reference xray structure :
( I . _

.| Compute optimal errors

50

Random seed : 2679941

Miscellaneous settings. . . M Use normalized geometry target

|| Calculate target weights only

Max number of resolution bins ; 1o || Use scaled Fimodel) structure factors

__ Substitute fake Flobs)  ( Options. . . |

Resolution limit for automatic anisotropic ADPs : 1.7 . "
|| Refine mask parameters (slow)

¥ Refine mask parameters

Maximum allowable occupancy 1.0
User level: ' Basic sl ) Cancel ) ( 0K ) Minimum allowable occupancy : 9.0

_
e— — Stepwise increase of resolution :

.| Compute rigid bond test value
m Mvanh Cancel ) (0K )
Changing the “user level” shows or /

hides advanced controls; the default
level can be set in the Preferences

LAWRENCE BERKELEY NATIONAL LABORAT O R Y



Keyword search for parameters

Most documentation covers the command-line parameters; the
corresponding GUI controls may be easiest to find with the search

on File Actions I{FHY Utilities Window Help
Ceneral refinement parameters. . .

8.0 Search parameters

.\ ? 3 Rigid-body refinement parameters. . . ! Search parameters
N\ 1P NCS parameters. . . |
o ‘ You may search for any string of letters only; if the "Search labels only” box is not

rences He Run P

» : OrQered solvent. . . N & _ checked, the search will include the parameter tooltip and any other metadata, as

Refinement target weights. . . well as partial parameter names
: ' Twinning. . . (for example, "main.ias”).
Refinement setting Real-space refinement. . . e e—p——

iles Sidechain rotamer fitting. . . > ' '

Secondary structure. . . B " Search labels only ™ Match all terms

Atom selections > v ;
‘ectory : /'Users/naE Advanced = - < —E \ Cancel ,: ( OK )
= Model modifications > —
wit files will be placed iIn  ADP settings > l
e Ceometry restraints >
i maps. .. Map
View all settings. . . E

Search parameters. . . ®P e —

Search results

7 5 parameters were found matching your search keywords (“optimize mask”).

It helps to be as specific as possible:
searching for “mask” alone finds |9
parameters, “optimize mask” (shown) finds
5, and “optimize_mask” (a specific
parameter name) finds 2.

| Optimize X-ray/ADP weight

¥ Refine mask parameters

| Optimize X-ray/stereochemistry weight
W Optimize X-H orientation in real-space

| Refine mask parameters (slow)

User level: ' Basic

'3] ( Cancel :: ( oK )
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Coot/PyMOL integration

Coot must have Python support (default on Mac)

Specific paths to executables usually required on Linux
® Preferences->Graphics->Full path to Coot [...PyMOL]

Most results can be opened directly in graphics apps

)
. Open in Coot | SGoEpeE
O » ¢

Any PDB file listed in GUI can also be opened

oundl, MD w ) net mnmdal T]

Open in PyMOL

Open in text editor —
Open in PyMOL

Configuration in COOT
Display structure

High-resolution limit : 2.1 Number of pro

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

LAWRENCE BERKELEY NATIONAL LABORATORY



File management

® Bulk file input possible on both Mac + Linux

P

LigandFit

< 1]
AP QK PR ¥F
PHENIX Preferences Melp Run Abort Save Xrriage elBOW Coot PyMOL

Configure X }
Configuration

You can add input files by either dragging them from the desktop into this window, or clicking the "+ button and selecting a file from the browser. At ne §
beast a reflections file (amplitudes or map coefficients) and a ligand-free model are required; you will also need either a PDB file or SMILES file describing
the ligand, or you may enter the three-character ligand code below.

File path fFormat Data type (Wently across muttiple

4+ 1] -] V' Run real-space refinement of ligand i L
. . — — |

Space group : +  Unit cell: v $7-42 - voligand.pdb G nsf-d2-| P
/ .
Ligand map type : Pre-calculated - High resolution limit: 0.9 | A~
[ ¥ DEVICES
| labels : ° Num f s - - - —
nput labels ber of cople 1 ] 21 Macintosh HO
igand 5 Number of ¢ mers to create: 1 8 3 ¥ PLACES —
S 2t 4 Bloukor CCP4_DATABASE
A Applications
Output 4 nat =
T - . — - 7 Documents =
: sers/nat uments/p9-$
S Ty P O Downloads ATP.smi nsf-d2 noligand.pdb
All output files will be placed In directories named Ligandfit_*_ 8 Pictures
L Images
] nat
@ die | Sdecs
PHENIX version dev-434
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Automatic bug reports

® Sent via email to Phenix developers - please submit!

e OO PHENIX error

'..
/

B Python reported a fatal error; this may be caused by errors in the input files, problems with the
A\ 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
bugs@phenix-online.org.

| Save to file... |

Exception : Help! I found a bug!

Traceback (most recent call last):
File "/Users/nat/phenix/build/../src/phenix/wxGUI2/command line/main.py", line

21, in <module>
run(sys.argvil:])

File "/Users/nat/phenix/build/../src/phenix/wxGUIZ/c‘(9 0O 0O
16, in run : —

wxapp = App.PhenixApp(args)

File "/Users/nat/phenix/src/phenix/wxGUI2/App.py",

wWX.App. init (self, 0)

File "/Users/nat/phenix/dist/phenix-1.7.3-928/build
Python.framework/vVersions/Current/lib/python2.7/site=
wx/_core.py", line 8593, in __ init

self. BootstrapApp()

File "/Users/nat/phenix/dist/phenix-1.7.3-928/build
Python.framework/Versions/Current/lib/python2.7/site-p
wx/_core.py", line 8158, in _BootstrapApp

return _core_.PyApp BootstrapApp(*args, **kwargs
File "/Users/nat/phenix/src/phenix/wxGUI2/App.py",

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.

. - |
E-mail address (required) : ‘necholsélbl.gov

Your name (optional) : Nat

Comments (optional) : ’ [

(V] save user information in Preferences

I —

' Cancel
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Utility functions (“Other tools” in main GUI)

® Convenient access to very small and fast programs

8.0.0 Multiple sequence alignment (MUSCLE)
PHENIX includes the open-source multiple sequence alignment program é“";;" — )
written by Bob Edgar. It can produce output identical in format to CLUS] Download PDB structure
HTe  which is suitable for input to the Sculptor model preparation program. . _ .
MY-GLK provide all sequences in a single file, or in as many different files as des PHENIX can automatically retrieve data from the PDB via the RCSB
- Alternately, you may provide one or more PDB files from which the chai web server. If you intend to re-refine or re-build the structure we
sequence(s) will be extracted (note however that this is only useful for recommend creating a new project, but this is not required. This
homogenous models). utility only downloads the data and does no further processing, but
g | the Import CIF structure factors module under Reflection tools will
| generate an MTZ file, and can also access the PDB directly.
PDB ID(s) :
Action : ' Download PDB file(s) |4
Mirror site: | RCSB | 4]
+ ] - ( )
. Cancel ) ( OK )
Output file :
— . .
['_‘9 a0) Strip hydrogens from model

If .00 Convert PDB to FASTA
This utility will run phenix.reduce to remove a

% depositing files manipulated in this manner to _Extract FASTA sequence from PDB files
"% reproduce the published R-factors. However, &

Only protein and nucleic acid chains are supported by this program. Except for selenomethionine

to strip hydrogens due to program incompatib " (MSE), non-standard residues and bases will be replaced by X and N , respectively.
1 Input PDB file : PDB file : rs/nat/Documents/p9-sad/AutoSol_run_1_soverall_best.pdbl { Browse... ) |\ || - | +
: ‘ } \ J/
—
Output file: pdb_sequences.fa " Browse... ) | %
Output file : —_—

™ Use 'X' in place of missing residues

__ lgnore missing residues at start

1 # Include insertion residues

( Cancel ) (0K )
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Reflection file editor

CYeYe! phenix.reflection.file_editor = Combine and manipulate reflection
A R i files in any format, output as MTZ.

PHENIX Preferences Help Run  Save

Merge and edit reflection files Capable of extending old R-free sets,
T L G e D e o SR e (i E L SR and generating new sets as thin shells

dragging and dropping below (or use the associated buttons). You can view a more detailed description of these arrays by .
clicking the magnifying glass icon next to any file. (fOI” I’eﬁ nement |n Presence Of N CS) o
File path Format Data type M f‘
\ /Users/nat/data/testing/wizards/beta-blip/beta_blip.mtz ccpé_mtz X-ray data For use W'th u”y Processed data Only
fUsers/nat/data/testing /wizards/beta-blip/PHASER data.mtz c<cpd_mtz X-ray data : :
‘ reflections will be merged and h,k,|
4+ = Use symmetry from selected file ’nd'ces alterEd as reqUIred-
All input arrays: Output arrays:
File name Array label Data type File name Array label Data type
beta_blip.mtz  Fobs,Sigma Amplitude beta_blip.mtz  Fobs Sigma Amplitude @780 Output arrays
beta_blip.mtz  Fobs_ISO,Sigma_ISO Amplitude
PHASER_data.... F.SIGF Amplitude Output Miller array (1)
File name : JUsers/mat/data/testing/wizords/beta-blip/beta blip.mt2
Array name : Fobs ,Sigma
drag data arrays to output list N e
Low resclution 14.94168
Copy all arrays 4+ || = | Edit arrays. .. ) Output dffraction data as auto r®|

¢ 1o maximum value

@ Extend existing R-free array(s) to full resolution range | R-free flags generation. . . adva’nced OUtPUt séig!ﬂrgs

W Automatically resolve output label conflicts (0 label conflicts) Remaove negative intensities
Massage imensities

High resolution : (3.92 A) Low resolution: (14.94 A)
__ Outpent non-anomalous data
Unit cell : 75.110 75.110 133.310 90.90 990.00 120.90 Outpet column label Fobs
— . Outpet column Label Sigma
Space group : P3221 Q { Change symmetry. .. |
Output file : /Users/nat/data/testing/wizards/beta-blip/reflections.m [ Browse.. ) X User level: | Basic Bl ( Cancel ) GO

Project: beta-blip

(All functionality is also available on the command line as iotbx.reflection_file_editor, but we recommend using the GUI for
this unless you are scripting an automation pipeline.)
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phenix.data_viewer: visualizing reflections in 3D
Useful for identifying pathologies and other dataset properties

aMNO Reflection data viewer

e L &

Load file Save image Show 2D view Clear labels

High resolution: 2.24

™ Black background
™ Show h,k,| axes

Use | or F over sigma
M Scale radii to sqrt(l)

Scale colors to sqrt(l)

Expand data to P1 show Friedel pairs
™ Display reflections as spheres
Color scheme: | rainbow -

™ Show missing reflections only

W Show systematic absences
Sphere detail level 20

Show only a slice through reciprocal space

4 Keep scale constant across all slices
Viewslice: |h 8] = 0
Reflection info

Clicked

Resolution:

Value:

Data: N+),SICK+)1(-),SICI(~) (Space group: P21 21 2 Unit Cell: 2=80.446 b=83.145 ¢=36.417 angles=90,90,90)

Anomalous data in P21212, showing missing reflections (white) and systematic absences (violet)
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Data analysis with phenix.xtriage

® Analysis of signal-to-noise, data quality, Wilson plot,
translational NCS, twinning, symmetry issues, and more

Wilson plot and B-factors for a typical protein crystal ~ Anomalous signal vs. resolution for an excellent SeMet
dataset ($PHENIX/examples/porin-twin) dataset ($PHENIX/examples/p9-sad)

[ _Taks) NIriipe analyses Ao JUSErS (M MULAITe g P0rin, Sar i a2 anNnm Xariage analyses for (Users/nat/data/testing/ wizards/p9-1ad/p9_se_w2 sca
N

ey Vew log See pragh Help  Vew g e g
Data quality Latce propertes e qu“" B T
Pump 50 sectione  Intenany plots and scalng

Jomp %0 sectionc  Solvent contert [ Vm

Intensity plots and scaling Anomalous measurability

Overal &-facnans

Recommended resclution cetol for heavy - atom search: 2.136 A (perpie hrw)
MU sitimate of averall aastrepk & 0.0 o2
Evtenaned -tog of scale factor 0. Optimiatic resciution cutefl: 2045 A ed el
M evimate of gverall e & DWW AW I b Detai

W, 4w

Evtimaned -log of vcabe factor on e Anomalous measurabliey
1
M
a8
ll
) Y
§ y
F
gom WA " '
i ‘q . . dat
n ' [ 2
.15 u‘ ’:)/I" x\c.
» o. 4 ..‘A. a
‘ | .“‘l b
. ‘\
o'.l
’
-.’; { b
A !
L | 3 I
r : % 2.3 8 :
Resolution
by U
te
Raselution ey .
€

Data analysis

AutoSol and AutoBuild run Xtriage almost immediately, and
results can be viewed from those GUIs. However, it may

. . Xtriage log (file aq Results and graphs
save time and effort to run Xtriage yourself first. - QK —

LAWRENCE BERKELEY NATIONAL LABORATORY

AutoSol has analyzed your X-ray data with Xtriage, This will indic
or pseudosymmetry, as well information a




ldentifying twinned structures in Xtriage

Twinning can’t be detected by looking at diffraction images, but it
changes the distribution of intensity values in predictable ways

Good data (p9-sad
example): observed
intensity distributions
are close to expected
values

Twinned data (porin- o =
twin example): NZ test - i e
curve is sigmoidal,L . : — @

test curve is shifted : | O

upwards ' -

Intensity distributions can also be affected b}/ pseudotranslation (especially NZ test); make sure you look
at all of the evidence for twinning!
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ldentifying twinned structures in Xtriage

The twin fraction for all possible twin laws will be estimated;
usually one of these is obviously different

-1/3*h-2/3%*k-2/3%,-2/3*h-1/3"k+2/3*,-2/3*h+2/3"k-1/3"l
0.078 (Britton analyses)

0.079 (H-test)

0.022 (Maximum likelihood method)

Estimated twin fraction:

Britton plot

H test for acentric data

0.5 1.0
4 P
0.4 # 0.8 -~
2 ,f/
: /
0.3 0.6 s
% /’ E ’1/::.‘
s £ /s
) //‘ Y
€ 0.2 i 0.4 P
v 7 ra
£ & //
& o /"" 0.2} | 4
4 i
4. 0.1 0.2 0.3 0.4 0.5 -5 0.2 0 0.6 0.8 0
apha 1]
" Show tables )
h,~h-k,~I:
Estimated twin fraction: 0.292 (Britton analyses)
0.315 (H-tesy
0.304 (Maximum likelihood method)
e Britton plot Le H test for acentric data
Z ‘ e
0.40 '8 4
0.8
w 9.3%
$ /
§ o
0.6
F o / _
g 5
g 0.20 ’ / -
@ 015 ;
/
9.10
f 0.2
9.05 l-,' /
3 —-j"_f ’
°-%5% 9.1 8.2 8.3 0.4 0.5 ! 0.2 0.4 0.6 0.8 1.9
apha H

" Show tables

Likelihood.-based twin fraction estimate

1200600

000000

800660

6@00Co

400000 | |

20060 | |

0000

Likehihood-based twin fraction estimate

6000

%0660

00

3000

20060

W00

Two twin laws from
the porin-twin
example are shown;in
this case h,-h-k,-l is the
actual twin law for this
crystal. This can be
used in phenix.refine,
which will determine
the true twin fraction
based on the refined
model.

The validation GUI (or
phenix.model_vs_data)
will also try to determine
if your structure is
twinned based on the R-
factors with and without
a twin law.
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AutoSol: an experimental phasing pipeline

Anomalous and/or isomorphous data

Correct for anisotropy (if needed)
Scale data
Locate substructure with phenix.hyss
Score substructure hands (analysis of maps)

Phasing (Phaser or Solve) b
ubstructure

Completion

Statistical density modification (Resolve)

Tom Terwilliger, Ralf Grosse-

Initial model building (Resolve) Kunstleve, Airlie McCoy, Randy
Read, Pavel Afonine

Terwilliger et al: Decision-making in structure solution using Bayesian estimates of
map quality: the PHENIX AutoSol wizard. Acta Cryst. 2009, D65:582-601.
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The AutoSol graphical interface

®no

7\ .
A ?

PHENIX Preferences Help

Run  Abont Save  Xtriage

AutoSol

Coot PyMOL

Files added by dragging from

Configure AutoSol run_1_
Input files

You can add Input Hiles by either dragging them from the desktop into this window, entenng them into the text Seld, or clicking the Srowse button. AN reflection Sle formats,
Oigands of heavy-atom sites), sequences, OF (restraints) Sles, and parameter files for AutoSol or phenix refiae are allowed. Al least one reflection file is requiced

File patx
Filename Data type
pI.5co 7] SAD/MAD peak ?'
seq.dot @ Sequence ?]
Cuess missing '/f" values | | Apply global atom type
Configuration
Space group : | 4 18]  Thoroughmess: quick
Unitcell : 313.949 113,949 32,474 90,00 0.0 0.2
Output
fUsers/peodams/Nor/Scrotch/pherix/o9-500

Output directory :

All output fles will be placed in directories named AutoSol_*

@ vie

" Browse... |
{options)

Labels: ' | obs sigma

NCS copres

High-resolution limit :

M Autobuild mode

All phasing results (sites and maps)
linked to building programs and

external graphics windows

e | AW R ENCE

8 5. 9.9¢ p. -3.22 ¢ 3.68
supported
i il ‘.l(l'\'l .? Run ;VU' M Xer -‘\- 'I:?z

Configure AutoSol_run_1_
Summary Heavy-atom search and phasing Model-building

Heavy-atom search

desktop into the window

Very little input required for simple
SAD experiments, but multiple
datasets and methods are also

Solutions
Number Oata file Space growp # of sites figure of mern Owverall score
2 fUsers/pdadams/Work/Scratch /phenix/p9-sad ... 14 b3 0.538 S804 +/-7.01
Phasing
Solu *
Number Space group # of refined sites Figure of mern Owverall score
2 14 S 0.538 58.04 «+/~ 7.01
B View sites and experimental map
Density modification
Solutiony
Number Space group Refacror Mo sew Corr. of local RMS density
2 14 02519 0.24 0.91
W) View sites and RESOLVE map /¢" Run find_helices_strands " Run AutoBuild v

Project. p9-3ad pdadams

BERKELEY NATIONAL LABORAT O R Y



How Competitive is Automated Solution!?

o
©
|

o
()
|

o
~
L
|

o
(0]
!
|

CC of density-modified map to model
o
()]

0.4 H
0.3 H
0.2 H
0.1 H
0 A P
8V © & O 3 & o > £ O & £ A V > N3
T STy PF IS TS S
V) QQ 430 6‘0 }9 & Q Q& C‘ 0&0 g 6&
& & & &
N Manual :
m AutoSol

Tom Terwilliger, Paul Adams
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AutoMR: Phaser made easy

® Streamlined setup of ensembles and composition

eSnNne AutoMR (simple interface)

A? WOMII.@# !

Preferences Help Run Abort  Sawe Xtriage Sculptor Ensembler

Configure
SN O

Input files and options

At least a reflections file and one or more search models forming a single ensemb A\ ?
Help

=9k

1 b X
AutoMR (simple interface) =

l]a?# «

adding a sequence file, or entering the molecular weight below. This interface on Preferences m Xtriage Sculptor Ensembler Coot MOL
ensembles, use the advanced AutoMR interface, or the Phaser-MR GUI.
Configure AutoMR run 80 X
o — Stat fh tput S C n
\ /Users/nat/data/PknB/WT/1mruA.pdb vus Thaseroutpdt (TR SRRl
L\ /Users/nat/data/PknB/D76A/D76A.fa Output fles
L JUsers/nat/data/PknB/D76A/p212121.5¢ca
Directory: JUsers/nat/data/Pkn8/D76A/AutoMR_run_80_ \
File path Format Data type '
\ AutoMR_run_80_1.log text AutoMR log = Open in Coot
+ - ™ Run AutoBuild after MR | Try all plausible space group: L MR.1.mtz ccpd_mtz Phased data
- MR.1.pdb PDB MR solution | i
Spacegroup: P212121 ™ Unitcell: 40.46 51.078 134.754 90, pd u ¥ /i Open in PyMOL
\. AutoMR_summary.dat text Summary of run results

—

Data labels : | I(+) SIGI(+) =) SIGI(-) '#]  High resolution: 4.0

Structure info

Component type : protein 4] Component mass: Rnal resuk

Percent identity of models to structure : RMsp{  Criteria for Phaser MR run:

Rotation function selection:

Output RF selection value:
— Use all plausible space groups:
Run title molecular replacement with WT
Overlap allowed:

Output directory :
@ uie

fUsers/nat/data/PknB/D76A Solution ‘MR’

LLG: 298,

Single-click transitions to building,

© e

Space group:

:‘," Open in PHENIX

o
" Run AutoBuild
Percent_of_best

7
5 @ Run phenix.refine
False

""" Run MR-SAD

P212121

Project: PknB_D76A

refinement, MR-SAD GUIs

LAWRENCE BERKELEY NATIONAL LABORATORY

Phaser:Airlie McCoy, Gabor Bunkoczi, Rob Oeffner, Randy
Read; AutoMR:Tom Terwilliger




Phaser-MR for advanced users and difficult cases

® |ncludes all features of command-line program

- Yalé Phaser-MR

A D g & # 4

&

Supports all MR
modes (automatic

f Y

Preferences Help Run Xtriage Sculptor Ensembler AutoMR M ost I (eywo rds or manual)
e — -
Configure R
Input and general options [nscranon Search procedure fOU nd here
Phaser mode:  MR_AUTO &/ Output... Other settings <
) ’ eNO Phaser-MR )
Input files . § d o 4
A 2?2 0 & # %
Data file : /Users/nat/data/PknB/D76A/p212121.5¢ca " Bry_Preferences Help Run Abort Save  Xtriage Sculptor Ensembler AutoMR
Configure
Unit cell : 40.46 51,078 134.754 90 90 90
nput and general options Ensembles | Composition Search procedure
Space group : Py12121 ?‘ Data labels : H+)S _ Ensemble 1 1 b X
_— s lm.'u_<A " 1 3 1 H 5 3 I | l
High resolution : o High resolution for refinement : 4.0 Model ID __ Disable similarity check | Ensemble is fixed partial solution

O,

Use partial solutionjfrom previous job: | None

T

AR

Output

Output directgry : /Users/nat/data/PknB/D7BA

Title : molecular replacement wijh WT structure
All output fijes will be placed in subdirectories named phaser_XX
@ e

One-click re-use of
partial solutions
from past runs

Any reflection file
format permitted

LAWRENCE BERKELEY NATIONAL LABORATORY

Variance Is the expected deviation of your search model from the target model. It can be expressed elther as RMSD or sequence
dentity. Click on the ‘variance type’ or ‘variance’ fields to change the value. If the PDB file contains appropriate REMARK records
nserted by Sculptor, these can be used automatically instead.
PDE file name

. JUsers/nat/data/PknB/WT/1mruA.pdb

Variance type
RMSD

Varnance

1.5

Can use a low-
i resolution map as
a search model

Add PDB ensemble
@® Idic

Add map ensemble

Project: PknB_D76A

Phaser:Airlie McCoy, Gabor Bunkoczi,
Rob Oeffner, Randy Read




phenix.maps GUI

Very simple interface for creating simple maps (including
anomalous difference maps) in MTZ or XPLOR format*

eno phenix.maps = MTZ map coefficients. . .

ﬁ A ? ’ 0 Map coefficients (1)

PHENIX Preferences Help l;n Abort

Map type : Prfo-DF¢ fe)
Configuration —
MTZ label for amplivedes : ZFOFONT
PDE file : /Users/mat/dota/testing/wizards/p9-sod/roundl . pdd Browse... label for phases : PHIZFOFONT
r . cked map
Reflections file : -sod/AutoButld run, ]l _sexptl _fobs_phoses freeR flogs.ntz Browse...
\ . W Fill missing Flobs) with Ficak)
Output directory : /Users/mat/dota/testing/wizards/p9-sod _ Browse... — - 7.0
Prefix p9-sad Centrics pre scale 1.9
Data labels : FPSIGFP ) W Reverse wcale
High resolution : A (1.744) Low resolution: A (28.487) Map coefficientsi2)
~ MTZ map coefficients. .. ) ([ XPLOR maps. .. Map type : mFo-Ofc O
MTZ label for ampliides : FOFCNY
Results MYZ label for phase PHIFOFCNT
FINISHED R
I"overall 0N SOLropLe Scale Matrin (Lartesion Das\s: BIY, S22, 833,812,813, 823)" P suissing Flobe) pth Pecalo
I (-2.78,-2.78,7.22,-0.00,0.00,-0.89); trace/3- 0.55 ACestnics scake ‘.0

[
| maxisus likelihood estimate for coordimate error: 9.22 A Centrics pee scale 1.0
| x-ray target function (=l) for work reflections: 4.614797

I W Reverse scale

Compute maps. Add anofher Delete last
All done. O

-

User levek | Basic o) ((Cancel ) € Ox )

Run ‘ Open in Coot ) . Open in PyMOL \
(11 P ’ . o
@ e e kicked” map: removes bias by averaging maps

calculated with shaken coordinates (Praaenikar
et al. 2009 Acta Cryst. D65:921)

*To save disk space, Phenix does not write XPLOR or CCP4 maps by Fill missing F(obs) with F(calc): often improves

default; however, most programs in the GUI will convert MTZ map _ -
coefficients to CCP4 format when you click the “Open in PyMOL” 2mFO. DFc maps, but watch out for bl?‘S'
button. (phenix.refine and Refmac both do this)

LAWRENCE BERKELEY NATIONAL LABORATORY




phenix.refine: graphical extensions

® Combines with phenix.ready_set for adding hydrogen/deuterium and
generating restraints - not fully automatic yet

 Yake phenix.refine =

A 2?2 ek g 3. @

Preferences  Help Run Abort Save Craphics _ReadySet NCS  TIS Xtriage

Configure x
aeNne ReadySet - prepare model for refinement —
{settings Output
Preferences  Help I;; Abort [
Conguraton b Format Data type
a/PknB/D76A/Refine_16/PknB_D76A_refine_16.pdb PDB Input model
v Hide controls a/PknB/D76A/p21212]1.mtz ccpd_mtz X-ray data, X-ray R-free
This will run phenix.ready_set, which uses Reduce to generate hydrogens on protein and nuclec acids, and
¢LBOW to generate ligand hydrogens, as well as creating appropriate restraints for any unknown ligands. i
you use the latter feature, we highly recommend examining the restraints manually, ¢.g. using REEL (in the
Utilities menu, or type phenoc.ree! on the command line). | ﬂ
ile & & i
PDE fMile : [Users/nat/data/PknB/LI3D/ANP_2/Refine_37/PknB L33D AN [ Browse... | \ | =« + E phemx.ready_set Ol.ltpl.lt ﬁles
, 31 ReadySet is done processing the PDB files. One or more output files have been created; please choose
Restraints (i) file _ Browse... \[=-1l+ - - .
> -' which you wish to use for refinement. We strongly recommend that you review them first to make
Restraints directory _Browse.. )\ - + sure that any changes or instructions are appropriate for your structure!
ent
Output file base : Browse... ) T < 4 ™ Processed PDB file
o
%4 -r -
5 Add hydrogens © model If absent L S Diut A Nn i ( The structure has been checked to ensure compatability with PHENIX,
__ Add deuteriums 10 solvent molecules __ Convert exchangeable sites to deuterium ‘ - e.q. consistent use of residue and atom names, and hydrogen or
_ Convert all possible sites 1o deuterium M Generate ligand restraints deuterium atoms have been added in the appropriate positions if
Optimize ligand geometry ™ Metal ion coordination restraints _Options... requested.
_ Remove waters from model ™ Output edits determined by LINK records Q¢ @ Metal coordination restraints
("
- . . - .
Random seed: | 03036941001 ¢ oo Restraints for the coordination geometry of metal ligands have been
[ generated; these will be automatically added to the main
Resuhts I— phenix.refine parameter file.
> Show run info . # Ligand restraints file

»
-

'1 -2 The CIF file contains the restraints needed to refine any unknown
3

© ae Projec: AMLIIO NN 2 _ " %53 ligands found in your structure.

| ——

a 'Z' Apply restraints to all future refinements in this project

Automatic re-use of parameters _

in subsequent refinement jobs
phenix.refine: Pavel Afonine et al.; phenix.ready_set: Nigel Moriarty

Cancel ( oK )
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phenix.refine: graphical extensions

® phenix.find_tls_groups: highly parallel automatic TLS setup (similar to
TLSMD), available as interactive component

Buttons to launch find_tls_groups or TLSMD web server

TLS gr selections

e’ / . : y A [ (
x L.\\ - q) h-k—t_i “’ o~ i v Y &.‘ »

Update and exit Cancel Revert Find TLS groups TLSMD server  Load file Sawve file Craphics selection Clear selection Revert Clear labels ‘

- You can run phenix.find_tls_groups automatically from this window
= 1o identify suitable TLS groups using a method similar to the TLSMD
- server at the University of Washington. If you already have a

Visualization of

- parameter file containing TLS groups found by TLSMD or another
l. source, you can load this by clicking the toolbar button “Load file®, .
If you have selected the TLS refinement strategy but do not define atom selections
“N// any groups, phenix.refine will treat the entire model as a single

group, but this is not recommended.

TLS groups:

Atom selection
chain 'A' and (resseq 10:42)

chain 'A’ and (resseq 43:59) Running phenix.find_tls_groups
chain 'A' and (resseq 60:96)
chain 'A' and (resseq 97:211) Identifying appropriate TLS groups in current PDB file(s)

chain 'A' and (resseq 212:328) B e - - - e e E - e

Abort
~ Add X Delete &) Clear all ”s." Update item || View/pick...
Edit selected: chain "A' and (resseq 43:59)
Number of processors for phenix.find_tls_groups: 8 i
' and (resseq 43:59)
Update groups and exit Rlacted

phenix.find_tls_groups: Pavel Afonine
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Integrating refinement and validation

® Constant feedback during refinement enables immediate detection of
potential problems ano i

File Edit Calculate Draw Measures Validate HID About Extensions PHENIX

R/RC
~ = Reset View [l Display Manager [Hydrogens on|/Connected to PHENIX) Map
e 0 phenix.refine ©
O
A\? OB & 3. 0
Prefe:'\(es Help Run Abort Save CGraphics ReadySet NCS TLS Xtriage i
Configure = Refine_51 i b X »
Run status 2
Refinement status ‘2
Cycle: 1 of 3 Q
. 5 % -
Resolution: 49.32 - 2.00 > o
# of reflections: 41902 =2 =
R-work: 0.3869 =k a o ;
R-free: 0.4096 160 o .
RMS(bonds): . 0.50p . =
© 0.48 L . ;
RMS(angles): v 0.46 N
= 0.44 - =
Clashscore: 65.4 ~ 0.42
Ramachandran favored i : ' .
. mac ran favored: 87.5 ) - <
Molprobity e .
. . machandran outliers: 4.53
validation q 7 e 7 = 2 =
Rotamer outliers: = et e - ot ot
scores IRefine_16/PknB... )
—:
Log output Coot model
r work=0.4622 r froe=0.4568 7 and maps
Abort
--------------------- xyz refinement (lbfgs minimization) =ssscscccsccnccncnnns x updated at
R-FACTORS RMSD CLASH RAMA ROTA CBET WEIGH? TARCETS . each ste
work free delta bonds angl data restr View loq P
46.22 45.68 -0.54 0.016 1.5 65.4 4.5 6.4 0 none 5.710 0.2457
3J8.69 40.96 2.27 0.033 2.8 61.2 4.9 9.1 13 15.317 5.599 0.1979 2 o
.4 Show graphics R-factors and
Legend: =
- first line corresponds to starting state (before refinement) geometry
© 1 jobls) running Project: PkxnB_L33D_ANP_2 deViations by Cycle
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Visualizing validation problems

® OQutlier lists recenter Coot view; Probe dots automatically loaded

e nn

File Edit Calculate Draw M
~ © Reset View i Display

(mol. no: 0) CA /1

(]

)

A

Show/ hid.e controls Save

N

e 0o
Ramachandran plot for PknB _L33D _ANP 2 refine_4.pdb

fied

Multi-criterion plot

/A/55 ARG o\,

Position type:
Show data points:
V| Show labels

o0

Click to zoom residue: IA

s6 |

general = Residue name: v
Multi-criterion validation — G
All = Color scheme: Blue v e o Rasachandran
\ A A Fotamer
. \ m m Cbeta
| A "\ .t
) \ A I\ ¢ ¢ Bad clash
Ramachandran plot for all non-Pro/Gly residues ‘ ~JA / U\ A\ R\ 8. factor
= - ‘.,l‘\ A l\;'l‘l'\ { \ /\| J N %
0.”- \A A I /N \ [ \_“ V| — fe
‘l v \ ,;' A I\l ‘g — 2F0.0F
| ~
NV | \"/ A / 1 ‘v’\\ J] . '
N\ '-/ !‘A ," \ /N ( \/N
v YRV " I
‘4 |‘. 'IN. J
v
‘ 34 T ! o A e 000 4 A A o A A
\/0\ M.ANVM.OMO 90 4000000000000000 N\ 00 & 10 0000490 ol ~_
NS | " \ | NA \ ',_‘ s v \/
\ | ,‘ \ v ( 70
- 1 ‘ 1
R | | J
| A | | \/ | w
é 45 n 1 ‘
| ) | |
\s | |
‘ \ |'| \ 0
‘ \ | | t
2% | Il \ <
! A A " 0=
[ WA
\ A |
| | |
[ | | | 1430
|
| ' \l
20
& 55
82
é AL0 250 ATO A80 290 AL00 10
Resigue
-120 -60 0 &0 120 corrfsponding residue in Cgot or PyMOL
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Advanced validation tools

® Combines Molprobity with phenix.model vs data; run
automatically after phenix.refine

&) phenix.refine
'
2?2 OWEB gLl
- v &
£\ X H'r‘ . g .
Preferences MHelp Run Abort Save Graphics R(.M‘r'\‘ — ———e
b

Configure Refine 37

+ v - - 2
Results  MolProbity  Real-space correlation /\\ ? u “‘l“ g 3 ‘A

¥
!
’
Preferences Help Run Abort Save Craphics ReadySet NCS TLS Xwriage
Summary Basic geometry Protein  Clashes

Configure Refine 4

All-atom contact analysis
Results  MolProbity Real-space correlation
Coot display 00 KNG 2.18
Summary Basi geomaetry Protein Clashes
v/ Show Probe dots in Coot [V Only show bad  V2//dation summary
..'. ) ® The validation performed by PHENIX is curren M * Panl_LIID_ANP
Bad contacts from PROBE: 45 overlapping atom ® 0" / o9 recommend that academic groups use the se| ——
start this process by clicking the MolProbity & M Calphas
This list summarzes all severe clashes (more than | PROBITY sidecha

present, REDUCE was used to add them prior to rup
Basic statistics for PknB_L33D_ANP_2_refine_4.pdb:

Atom 1 WV chain A

A 42 LEU D2 Ramachandran outliers: g (Goal - < 0.2%)  Ramach W Roes ostile
W Rarma cuthe

A 35 ARG W2 Rotamer outliers: (Goal : 1%) C-beta o angre ox

A 59 GLU OEl o length de

A 242 GLY CA Clashscore: o Cheta dev

A 226 TYR X & chaie

A 207 TYR O Show validation in KiNG ol ovall

A 49 ASP ODI — fropat

A 101 ARG NE Hel

A 239 ARG MA ¥

A 326 PRO CD Missing atoms :

A3lSGLY O —~

A 101 ARG ¥m2 No missing non-hydrogen atoms detected. v dor

A 195 ALA CA

A 145 MET HG3

A 315 GLY CA

A 150 ASN 0OD1

A 207 TYR OH

2 10 ARG CA l

® Mle
l A ate
° Idle I >

MolProbity/KiNG: Richardson Lab, Duke

LAWRENCE BERKELEY NATIONAL L ABORA T O R Y



POLYGON

® Graphical comparison of statistics versus the PDB

- Yalka POLYCON

ih-.‘ i

e Colored bars are one-
This graph shows histograms of the distribution M M M

of selected statistics across 643 PDB entries of dlmenS|Ona| h IStogI"amS
similar resolution, with the range specified by R . N .

numbers printed in red. Statistics for the current shOW|ng dlstrl butlon Of
structure are printed in black; the connecting

polygon (in black) shows where these values fall in

the distribution. A typical well-refined structure Val UeS fOI" StI"U CtU reS a.t
will have a small and roughly equilateral polygon, Average B RMSD(angles)

Color scheme Rainbow (by bin size) 7] 14.7 9.79 SI m I Iar reSOIUtIOn

24.4 1.32
Citation: Urzhumtseva et al. Acta Cryst. 2009, 43 6 1.93
D65:297-300.

The black polygon shows
where the statistics for the
user’s structure fall in each
histogram

Histogram bins are colored by the number of

structures in each bin
RMSD(bonds) 9%
B -0 «-66 I ~132

0.009

The structure used to generate
Rework this figure has good geometry
0.39 relative to the PDB, but very
o poor R-factors.

POLYGON: Ludmilla Urzhumtseva, Pavel Afonine, Sacha Urzhumtsey;
Urzhumtseva et al. (2009) Acta Cryst. D65:297-300.
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Parallel validation of multiple structures

® |dentifies points of difference between structures of
the same protein, with optional map superpositioning

8 Python File Utilities Window Help it 1=K TR ul le b
eaNOo Parallel structure comparison ‘ OO \ Coot F
{ % Ede Edt Calculate Draw Measwes Vabdate HD About Extensions PHENIX
i » - RRC
Coot  PyMOL L Reset View [ Display Manager w6 | Hydrogens on| Connected to PHENIX
— ’ Map
Rotamers Ramachandran Missing atoms  Secondary structure ©
19 21 23 24 25 27 28 29 31 O
LEU LYS LYS G ASP LEU LYS LYS cLu T
3Mhi.pdbeA - DU m-20 ~ — meten p— ‘" Q
sdnd.pab:a RIS ORISR 0 w20 DN v mm-40 L
113r.pdbE - J tttp —— m-20 m - me mm-40 m >
3fjqpdbt | tmtm? e mt-10 m-20 -t man mete mm-40 m 2
( : f 1syk pdivA n? men L 1ptm 1pl0 170 mptt men plo 'm 2
on Ipar’ISOI‘l 0 1syk.pdbs n? mett tptm tp10 t70 B ot mett mt-10 m s .
. . sdne.pdboA [N ot ttpt mt-10 m-20 e mete mm-40 B vk
dech m !
sidechain rotamers o . :
. Double-clicking any :
across all chains Iin the orid :
cell in the gri &
(green = most zooms Coot/PyMOL
e
common, yellow = ) :
’ *
‘ Load models and maps  Fetch modified structures A
L] L] -—
m'nor'ty, red - The chains Being compared, and any Jssociated maps, have been superposed on the Brst chan in the
st If you want 10 modify any of the models after modifying themn in Coot, you must Oick the Betion
* lbeled Tetch modifed structures’ 1o reassemble the onginal POB file with modications in the proper o
outlier
Models:
. | —
Daouble -Chch any non-empey ¢ 3fhi.pdbochain A
. ' 1 ™ 3dnd.pdb:chain A I "
H3r.pdb chain E
31)q.pdb chain E ccossfully read coordinates file /JUsers/nat/data/debugrStructureComparison_68/3 &
™  1sykpdb:chain A format, accoenting for origun ehity
4 Lsyk pdb chain B o NS ey S B =
o & o Structure comparison
3dne.pdb:chain A & Mently diWerences Setween muliple struciures of the same pvolem, using

maflpde critens

v
- N
Check or uncheck a file name /chain 1D to show or hide the model and any associated map in Coot L

(Collaboration with Herb Klei, BMS)
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Works in progress and future plans

® Improved Windows support

Fully automated molecular replacement

Simplified GUI for eLBOWYV (ligand restraints)
LABELIT GUI (indexing of diffraction images)

You can preview new developments by checking
“Enable alpha-test programs and features” in the
preferences

Suggestions? Email NEchols@lIbl.gov

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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