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Algorithm Non-tilted
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CTF world
Algorithm for tilted or non-tilted data
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More Complete Unbending Algorithm
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Algorithm Non-tilted
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Project Management
• Launch 2dx_gui
• Import only ONE image

• Open and process it, 
  save database as project-default

• Import all other images into 2dx_gui
• Process them all automatically ..... (This will need finetuning...)

• Merge in 2D
• Merge in 3D
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mmbox:!
• takes FFTIR/cor${imagename}.fft.mrc
• generates APH/${imagename}.fou.nolimit.aph

Filename: APH/${imagename}.fou.nolimit.aph 
1: Header
2:        H           K            AMP      PHS            IQ           BCK           CTF
Example:
    655201 gf06552, Unbend2, Mon Jun 16 00:33:23 CEST 2008            
           0           1           0.0       60.9           9          72.2           0.0
           0           2         165.8      330.8           3          49.3           0.0
           0           3          17.1       52.3           8          39.3           0.0
           0           4         151.8      123.1           2          36.5           0.0
           0           5         411.8      127.5           2          50.9           0.0

File Formats and Flow

mmbox evaluates the Fourier transform of the unbent crystal image 
and produces a list of Amplitudes, Phases, and Background 
Amplitudes. 

mmbox => ctfapply => origtilt => avramphs => f2mtz
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ctfapply: !
• takes ${imagename}.fou.nolimit.aph
• generates ${imagename}.fou.ctf.nolimit.aph

Filename: ${imagename}.fou.ctf.nolimit.aph
1: Header
2:  H    K        AMP         PHS    IQ       BCK         CTF
                  AMP is not changed
                              PHS is already CTF-applied, possibly +180.
                                                          CTF lists the contrast.  
                                                          Only phase (sign) was already applied.

Example:
    655201 gf06552, Thu Jul 3 22:49:19 PDT 2008        
    0    1         0.0       240.9   9        72.2      -0.096
    0    2       165.8       150.8   3        49.3      -0.172
    0    3        17.1       232.3   8        39.3      -0.295
    0    4       151.8       303.1   2        36.5      -0.459
    0    5       411.8       307.5   2        50.9      -0.648

File Formats and Flow
mmbox => ctfapply => origtilt => avramphs => f2mtz

ctfapply calculates the CTF correction factor for each 
reflection, and produces a CTF-corrected APH file, where 
only the phases are potentially “flipped”.!
This is one file for each image.
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Algorithm Non-tilted
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origtilt: !
• takes several APH/${imagename}.fou.cor.aph
• generates APH/merge.aph, which now has for each spot potentially many entries

Filename: APH/merge.aph 
1: Header
2:    H     K     Z*        AMP             PHS             NO    IQ  WEIGHT         BACK         CTF
                            AMP is the raw measured value, not yet changed
                                            PHS is CTF phase flipped, and has also the PhaseOrigin applied to it
Example:
      1001
      1     0  -0.0000     70.8670        -88.1100           65551 -6  0.078805     47.8734      -0.083
      1     0   0.0000     112.300        -21.6200            6543  6  0.192624     74.5000      -0.093
      1     0   0.0000     25.0594        -131.430           65551  8  0.027867     49.3105      -0.088
...
      2     0  -0.0000     120.801        -160.000            6557  4  0.192729     48.7613      -0.165
      2     0  -0.0000     156.540         169.480          665202 -2  0.276022     34.6150      -0.154
      2     0  -0.0000     202.253         170.080          655201 -3  0.375352     51.5399      -0.167
...
      2     0   0.0013     411.287        -178.300            7032  1  0.440457     50.2215      -0.383
      2     0   0.0013     313.198        -178.300            8032  2  0.307053     40.1020      -0.385
      2     0   0.0016     298.834        -161.900            5685  2  0.360523     61.4043      -0.198

File Formats and Flow
mmbox => ctfapply => origtilt => avramphs => f2mtz

origtilt takes the several files from mmbox and combines them into one 
single large file merge.aph that contains AMP, PHS, original image 
number, and further data for each reflection.!
This is one single file for the entire project.
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avramphs: !
• uses zminmax = -0.025...0.025, to make sure only non-tilted data participate.
• takes APH/merge.aph 
• generates APH/avrg2D.hkl

Filename: APH/avrg2D.hkl
1: merging number
2:   H     K     L        AMP            PHS             FOM
                          AMP is an average of several spots, and the values are now amplitude-CTF corrected (without inverting the sign).
                                         PHS is an average of several spots, which are already CTF and phaseorigin corrected 
                                                         FOM is between 0 and 100 and quantifies the reliability of the spots.

Example:
      1001
     1     0     0     196.833        -64.0629         96.9797    
     1     1     0     1018.19        -6.10076         99.9556    
     1     2     0     162.905        -177.142         98.7745    
     1     3     0     262.806        -179.891         99.5678    
...
     2     0     0     453.627        -177.303         99.8751    
     2     1     0     109.832         4.30570         94.4169    
     2     2     0     1278.94         177.975         99.9585    

File Formats and Flow
mmbox => ctfapply => origtilt => avramphs => f2mtz

avramphs takes the merge.aph file that contains for each reflection 
several measurements, and averages these into one AMPlitude and PHAse 
value for each reflection. !
This is one single file for the entire project.
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How to average Amplitudes

AvgAmp =

Amp*CTF
Back2∑

CTF2

Back2
+ 1
Amp2

⎛
⎝⎜

⎞
⎠⎟∑

AvgAmp =
Amp∑
n

Simple Approach:

In 2dx now:

AvgAmp =
Amp*FOM∑

FOM∑

Better:

H,  K, Z*,    Amplitude,   Phase,   BackgroundAmplitude

For each reflection H,K,z*  :

FOM =
I1 SNR( )
I0 SNR( )

FT Readout: 

SNR = Amp / Back
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How to average Phases
Averaging of data 

from different 
images in the 

MRC/2dx 
software is done 
in Fourier space 
by dealing with 
each reflection 

individually:!

Amplitudes and 
Phases are 

averaged, taking 
1/IQ2 (or now 

FOM) as weight.!

On the left, the 
Phase averaging 

is shown 
graphically.

AvgPhs = tan−1 cos(Pha)*SNR(FOM∑ )
sin(Pha)*SNR(FOM∑ )

⎛

⎝⎜
⎞

⎠⎟
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How to average Figures of Merit (FOM)

H,  K, Z*,    Amplitude,   Phase,   BackgroundAmplitude

For each reflection H,K,z*  :

lut(IQ) = 0.990, 0.982, 0.939, 0.870, 0.763, 0.630, 0.505, 0.124

FOM =
I1 SNR( )
I0 SNR( )

FT Readout: 

Use Lookup Table to switch 
between FOM and XARG

FOM = lut(SNR)

G. Sim, Acta Cryst. 13, 511 (1960)

D. Blow & F. Crick, Acta Cryst. 12, 795 (1959)

G. Sim, Acta Cryst. 12, 813 (1959)

AvgSNR = cos(Pha)*SNR(FOM )∑( )2 + sin(Pha)*SNR(FOM )∑( )2

AvgFOM =
I1 AvgSNR( )
I0 AvgSNR( )

I = modified Bessel Function of the first kind

FOM = cos max(σ Phase,90)( )

SNR = Amp / Back

FOM = exp −σ Phase
2

2
⎛
⎝⎜

⎞
⎠⎟
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avramphs: !
Filename: APH/avrg2D.hkl
1: merging number
2:   H     K     L        AMP            PHS             FOM
                          AMP is an average of several spots, and the values are now amplitude-CTF corrected (without inverting the sign).
                                         PHS is an average of several spots, which are already CTF and phaseorigin corrected 
                                                         FOM is between 0 and 100 and quantifies the reliability of the spots.

Example:
      1001
     1     0     0     196.833        -64.0629         96.9797    
     1     1     0     1018.19        -6.10076         99.9556    
     1     2     0     162.905        -177.142         98.7745    
     1     3     0     262.806        -179.891         99.5678    
...
     2     0     0     453.627        -177.303         99.8751    
     2     1     0     109.832         4.30570         94.4169    
     2     2     0     1278.94         177.975         99.9585    

Filename: APH/merge.aph 
1: Header
2:    H     K     Z*        AMP             PHS             NO    IQ  WEIGHT         BACK         CTF
                            AMP is the raw measured value, not yet changed
                                            PHS is CTF phase flipped, and has also the PhaseOrigin applied to it
Example:
      1001
      1     0  -0.0000     70.8670        -88.1100           65551 -6  0.078805     47.8734      -0.083
      1     0   0.0000     112.300        -21.6200            6543  6  0.192624     74.5000      -0.093
      1     0   0.0000     25.0594        -131.430           65551  8  0.027867     49.3105      -0.088
...
      2     0  -0.0000     120.801        -160.000            6557  4  0.192729     48.7613      -0.165
      2     0  -0.0000     156.540         169.480          665202 -2  0.276022     34.6150      -0.154
      2     0  -0.0000     202.253         170.080          655201 -3  0.375352     51.5399      -0.167
...
      2     0   0.0013     411.287        -178.300            7032  1  0.440457     50.2215      -0.383
      2     0   0.0013     313.198        -178.300            8032  2  0.307053     40.1020      -0.385
      2     0   0.0016     298.834        -161.900            5685  2  0.360523     61.4043      -0.198
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f2mtz: !
• takes APH/sym2D.hkl 
• generates merge2D.mtz

Filename: merge2D.mtz
SYMMETRY ${CCP4_SYM}
LABOUT H K L F PHI FOM
CTYPOUT H H H F P W  

File Formats and Flow
mmbox => ctfapply => origtilt => avramphs => f2mtz

centric and hklsym apply boundary conditions to reflection values.!
Centric enforces for certain symmetries that reflections of non-tilted 
crystals must have phases of either 0º or 180º. !
Hklsym avearges symmetry-related reflections. !
f2mtz transforms the AMP&PHS file into a binary MTZ file.
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f2mtz: !
• takes APH/sym2D.hkl 
• generates merge2D.mtz

Filename: merge2D.mtz
SYMMETRY ${CCP4_SYM}
LABOUT H K L F PHI FOM
CTYPOUT H H H F P W  

File Formats and Flow
mmbox => ctfapply => origtilt => avramphs => f2mtz

centric and hklsym apply boundary conditions to reflection values.!
Centric enforces for certain symmetries that reflections of non-tilted 
crystals must have phases of either 0º or 180º. !
Hklsym avearges symmetry-related reflections. !
f2mtz transforms the AMP&PHS file into a binary MTZ file.

File Workflow is 
described on:!

2dx.org
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2D Merging
• Select best image only
• Run “Merge Selected Images” to create reference
• Select all images with low sample tilt (< 7 deg)
• Run “Refine PhaseOrigins Once” to align against reference

• Run “Merge & Refine” 5 times  
  to refine PhaseOrigins

• Run “Final Merge”, look at final map. 
• Run “Quality Evaluation” 
• Run “Generate Image Maps”, check phase origins of images.
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Final Merge in 2D
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Final Merge in 2D
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Quality Evaluation in 2D
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