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Wednesday, September 11, 13



SPARX

• SPARX in installed together with EMAN2

• Command line interface:
> sparx

• sparx relies heavily on MPI parallelization, 
which has to be installed separately (see 
instructions).
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SPARX

• SPARX in installed together with EMAN2

• Similarly, one can load sparx commands 
into EMAN2 command line interface:
> e2.py
   from sparx import *
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EMAN2
library

SPARX
library

Python	  func8ons	  with	  image	  
opera8ons	  enhancements

Command	  line	  
programs

Python	  code
MPI

C++	  core

SPARX	  is	  built	  on	  top	  of	  several	  other	  toolkits	  
including	  its	  essen8al	  dependency	  EMAN2

Level	  1

Level	  2

Level	  3

EMAN2	  graphical	  
widgets

PyQT4	  Toolkit OpenGL
EMAN2
library

SPARX
library
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GUI driven System command lines project done using

MPI or remote shell on a task level
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User-editable Wiki-based documentation
http://sparx-em.org/sparxwiki/
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Documentation contains precise
description of implemented methods

(with equations).
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SPARX provide human-friendly interface 
to image functions...

	  	  	  	  	  “Object	  oriented”	  style	  (EMAN2)

im2	  =	  im1.process("filter.lowpass.gauss",{"cutoff_abs":0.25})

	  	  	  	  “Math	  style”	  (SPARX)

im2	  =	  filt_gaussl(im1,	  0.25)
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and a full set of single particle structure determination programs!
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Data	  files
We use two file formats:

1. hdf (high density file) mainly to exchange information with other systems.  For 
example, output 3D structures are generally stored in hdf format, as then they can be 
examined in chimera.

2. bdb (Berkeley data base) is the main file format for SPARX.  It is not a file format, 
but an actual data base and as such it cannot be easily transferred between 
computers.

Generally, bdb files will be stored in a directory where the program started and in a 
subdirectory called EMAN2DB.  One should not delete or copy anything in this 
directory.  Programs sxheader.py and e2bdb.py provides basic functionality for bdb 
files.

12

Both	  bdb	  and	  hdf	  store	  informa0on	  in	  image	  headers	  in	  a	  very	  flexible	  manner.	  	  Results	  are	  
stored	  in	  image	  headers	  and	  required	  for	  subsequent	  commands	  to	  run	  properly.
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Programs
sxprogram.py

13

Simple instructions
sxprogram.py   -h

General syntax
sxprogram.py   <input file/stack>  <output file>  <mask file>  --parameter=[number | text]

Examples:

Copy two stacks of image into a third one with a change of format:
sxcpy.py   bdb:set1  bdb:set2  bothsets.hdf

Reset to zero 3D alignment parameters
sxheader.py   bdb:segments  --zero --params=xform.projection
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Recommended	  reading
1. Penczek, P.A., Frank, J.: Resolution in Electron Tomography, in J. Frank (Ed.), 

Electron Tomography: Methods for Three-Dimensional Visualization of Structures 
in the Cell, 2 edn., Springer, Berlin, 307-330, 2006.

2. Vainshtein, B.K., Penczek, P.A.: Three-dimensional reconstruction, in U. Shmueli 
(Ed.), International Tables for Crystallography 3 edn., vol. B Reciprocal Space, 
2008.

3. Penczek, P.A.: Single Particle Reconstruction, in U. Shmueli (Ed.), International 
Tables for Crystallography 3 edn., vol. B Reciprocal Space, 2008.

4. Penczek, P.A.: Fundamentals of three-dimensional reconstruction from projections. 
Methods Enzymol 2010, 482, 1-33.

5. Penczek, P.A.: Image restoration in cryo-electron microscopy. Methods Enzymol 
2010, 482, 35-72.

6. Penczek, P.A.: Resolution measures in molecular electron microscopy. Methods 
Enzymol 2010, 482, 73-100.
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The problem of helical reconstruction, i.e., determination of 
orientation parameters of EM projection images of helical 
filaments, is cast as a single particle structure determination 
problem.  Ed Egelman used the "3D projection refinement" 
concept developed in early 90s and added to it simultaneous 
determination (or refinement) of helical symmetry parameters.

IHRSR - Iterative Helical Real Space Refinement

Egelman, E.H. (2000). A robust algorithm for the reconstruction of helical filaments using single-
particle methods. Ultramicroscopy 85, 225-234.

Penczek, P.A., Grassucci, R.A., and Frank, J. (1994). The ribosome at improved resolution: new 
techniques for merging and orientation refinement in 3D cryo-electron microscopy of biological 
particles. Ultramicroscopy 53, 251-270.

IteraZve	  Helical	  Real	  Space	  Refinement
(IHRSR)	  
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Helical symmetry is given, in cylindrical coordinates, by two parameters: 
azimuthal rotation per subunit Δφ and axial subunit translation (rise) Δz

f r,ϕ, z( ) = f r,ϕ + Δϕ, z + Δz( )
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If filaments were perfectly flat within the ice layer, all EM projection images 
would constitute orthoaxial projections of the filament and the problem 

would be to find three orientation parameters for each segment: angles phi 
and psi (theta=90) and translation along the main axis z

Ranges of orientation parameters:
0 ≤ ϕ < 180 (mirror handled by the code)

−
Δz
2

≤ z < Δz
2

−Δψ <ψ < Δψ
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Ed Egelman, circa 2000
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IHRSR implementation in SPARX

The new implementation differs from Ed's original one in SPIDER 
in many important ways:

1. new code offers more flexibility, 
2. orientation searches are done in a sensible way,
3. point-group symmetries of helical filaments (Cn, Dn)

Δz
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IHRSR implementation in SPARX

The new implementation differs from Ed's original one in SPIDER 
in many important ways:

1. new code offers more flexibility, 
2. orientation searches are done in a sensible way,
3. point-group symmetries of helical filaments (Cn, Dn)

1. parallelization using python-level MPI makes it possible to execute the refinement 
rapidly on large clusters

2. restricted (constrained) search for in-plane rotation (psi) make the procedure 
more robust (segments are pre-aligned along z-axis)

3. search for translation restricted to axial rise

4. search for helical symmetry implemented under MPI (it tends to be time 
consuming)

5. search for translation adapts itself to the current axial rise

6. out-of-plane tilt (theta <> 90) implemented!

7. 3D reconstruction and reprojections done within rectangular prism

New features:

Δz
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Rectangular prism geometry
saves computer memory and time of calculations.
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Documentation:
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Windowing of filament segments from micrographs
http://blake.bcm.edu/emanwiki/EMAN2/Programs/e2helixboxer
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