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Why Automation ? 

•  Automation can increase efficiency, and reduce human error 



  Can speed up the process and can help reduce errors 

  Makes difficult cases more feasible for experts 
  Routine structure solution cases are accessible to a wider group of structural 

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

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

  If a task is modular and automated, you can run it many times… 

- … checking different space groups, datasets to use 
- … checking if your model is biasing the map 
- … checking if you always get the same model 

  What is required: 
- Software carrying out individual steps 
- Seamless connection between steps 
- A way to decide what is good 
- Strategies for structure determination and decision-making 

Why Automation ? 





PHENIX and Neutron crystallography 

Macromolecular Neutron Crystallography Consortium (MNC) 

Lawrence Berkeley National Lab (LBNL) 
Paul Adams, Pavel Afonine 

Los Alamos National Lab 
Paul Langan, Marat Mustyakimov, Benno Schoenborn 

http://mnc.lanl.gov/ 



The PHENIX project 

  PHENIX is a new package for automated structure solution that 
incorporates handling of both: X-ray and neutron data 

  PHENIX is not a pipe-line made of existing programs, but a highly 
integrated software 

  Library based development (Python, C++) and new algorithms 

  Designed to be used by both novices and experienced users 

  Long-term development and support 



PHENIX: principal tools 

Complete set of tools for crystallographic structure determination: from 
experimental data to PDB deposited structure 



PHENIX: principal tools 

  Data quality and pathology analysis (phenix.xtriage) 
Completeness, anomalous signal, outliers, tNCS, twinning, missed symmetries. 

  Substructure determination (phenix.hyss) 
Automated, Patterson/Direct methods dual space recycling. 

  Experimental phasing (PHASER, SOLVE) 
ML SAD phasing in Phaser, ML SIR/MIR/MAD phasing in SOLVE. 
ML SAD + MR phasing in Phaser 

  Molecular Replacement phasing (PHASER) 
ML molecular replacement 

  Statistical density modification (RESOLVE) 
Solvent flattening, histogram matching, automated NCS analysis. 

  Automated model building (RESOLVE, Textal, phenix.refine) 
Pattern matching methods, loop fitting, NCS, protein and nucleic acids. 

  Structure refinement (phenix.refine) 
Rigid body, coordinates, simulated annealing, iso/aniso-ADP, TLS, neutron data (joint 
refinement), twinned refinement, constrained occupancy refinement. 

  Ligand coordinate and restraint generation (phenix.elbow & phenix.reel) 
Semi-empirical method for coordinate generation, CCP4 monomer library file generation. 

  Model Validation (Molprobity, local electron density analysis, POLYGON) 
A set of tools for complete, local and global, structure validation. 



PHENIX: principal tools 

  PHENIX programs can be run using:  
-  GUI: easy for beginners, guided process - less chance of errors 
-  Command line: convenient for scripting of multiple and large scale tasks 

  Command line tools are still easy to run: 

  Autobuild (from starting phases to complete and refined model): 
phenix.autobuild data=scale.mtz model=mr.pdb seq_file=correct.seq

  Ligandfit (automatically find and build ligands into density): 
phenix.ligandfit data=nsf.mtz model=noligand.pdb ligand=atp.pdb

  AutoMR (molecular replacement with Phaser + Autobuild = refined model): 
phenix.refine nsf-d2.mtz nsf.pdb

  phenix.refine (highly automated structure refinement, X-ray, Neutron): 
phenix.refine nsf-d2.mtz nsf.pdb

  phenix.xtriage (complete data analisys):  
phenix.xtriage porin_fp.mtz



GUI examples 



GUI examples 







Automated structure solution 

  The steps of substructure location, experimental phasing, density 
modification, and initial model building can be linked together and run 
automatically 

  One of the biggest challenges is automatically deciding which results are 
best at each step and should be carried forward in the process 

-  Choice between different substructure solutions 
-  Choice of substructure hand 
-  Has completing the substructure made the map better or worse? 
-  Choice of phase improvement parameters 



Automated structure solution: AutoSol Procedure 





Automated Model Building/Rebuilding 

Group II intron at 3.5 Å. Data courtesy 
of J. Doudna Gold Lysozyme at 1.5 Å 

  Proteins and nucleic acids 

  Low to high resolution (3.5Å or better) 

  Location of secondary structure elements followed by extension, loop 
building and side chain docking 













•  Creation of ligand coordinates and restraints is typically a time consuming 
process 

•  phenix.elbow uses a semi-empirical method to generate atomic coordinates 
from a chemical topology, then calculates restraint values 

•  phenix.reel provides a graphical interface to manipulate restraints 

Ligands handling 



•  Structure completion 

–  Automated identification, fitting and refinement of ligands, metals, ions 
–  Identification, fitting and refinement of discrete disorder (multiple 

conformations) 
– Representing other forms of disorder 
–  Building poorly-defined regions 

•  Building complexes of protein and nucleic acid 

•  Identification of the best combination of datasets or fractions of datasets to 
use 

•  Handling different kinds of twinning and integrating it into the whole structure 
solution process 

•  Representations of uncertainty 
•  Automatic analysis of radiation damage 
•  Automated understanding of chemistry 
•  Optimal structure solution in the presence of twinning 
•  … and many more 

Challenges for Automation 



www.phenix-online.org 









Paul Adams – project director 



Reporting bugs, problems, asking questions 

  Something didn’t work as expected?... program crashed?... missing 
feature?... 

Not Good: silently give up and run away looking for alternative software. 

Good: report us a problem, ask a question, request a feature (explain why 
it’s good to have), ask for help. 

  Reporting a bug: 

Not good: “Hi! PHENIX crashed, I don’t know what to do.” 
Good: “Hi! PHENIX crashed. Here are: 

   1) PHENIX version; 
   2) Command and parameters I used; 
   3) Input and output files (at least logs).” 

Subscribe to PHENIX bulletin board: www.phenix-online.org 



PHENIX use (July 12, 2010) 

Number of structures in PDB with “REMARK 3 PROGRAM  PHENIX” 

Year 

User tested ! 

2005 2006 2007 2008 2009 2010 

1 7 
96 

435 

1046 

357 


