Automated RCT/OTR tilt pair particle picking with DoGpicker and TiltPicker

This is one way to use ApDogPicker.py and ApTiltAutoPicker.py to automate particle picking from tilt pairs so that they can be windowed and processed with Spider.
1. Convert micrographs to Spider format.

If Digital Micrograph (DM) was used to record micrographs, convert .dm3 files to .mrc with DM, or with bconvert.  Note: to run bconvert, download from http://lsbr.niams.nih.gov/bsoft/bsoft_download.html and install and then type on command line:
$ bconvert -output mrc *dm3  (or yourimagename_*.dm3)
If Leginon was used, save micrographs as .mrc or .tif files from the webserver imageviewer to a mics folder in your processing directory.  Make sure to save in mics directory with new names that end in a four-digit number (example: imagename_1001.mrc, imagename_1002.mrc, etc.)

Convert .mrc/.tif files to .spi files (can use em2em).
2.  Decimate and mirror.

Decimate and apply horizontal (x-axis) mirror to .spi files with an appropriate Spider script (such as adjspi.spi for film, or adjspiccd.spi for CCD) - 6-fold for film scanned at 1 Angst/pix works well, 3-fold for CCD images at 2.29 Angst/pix works well.  Don't forget, you will need to first make file list called miclist.spi with an appropriate Spider script (such as listfiles.spi).
Note: You must also invert contrast if you have cryo-EM images (dark on light) because DoGpicker currently only works with light-on-dark images.

Update: an invert option has been added to DoGpicker (--invert)

3.  Convert the decimated and mirrored micrographs back to .mrc format.

Convert the decimated and mirrored .spi files back to .mrc files with em2em (example file names: imagename_d3m****.spi to imagename_d3m****.mrc). 

Note: picking must be done from horizontal mirrored .mrc files so that the coordinates are in the correct bit order for the un-mirrored .spi files. 
4. Determine DoGpicker settings.

Pick particles from imagename_d3m****.mrc files (created from decimated and mirrored .spi files) with DoGpicker and picks.exe (DoGpicker doesn't work on .spi images yet).  First test settings with one image.  Go to DoGpicker directory and type on command line:

$ ./ApDogPicker.py --image=../mics/imagename_d3m****.mrc --thresh=0.9 --diam=7 --outfile=../coords/picks_d3m****.dog

Set the diam a little higher than the diameter of your particles, and try varying this as well as the thresh value until you get the desired result.  Compare the .jpg output file with the original .mrc (or .tif).  You can use ImageMagic ($ display imagename_****.tif &) to open both of these side by side.  If too few particles, decrease thresh.  You want sharp, discreet spots, not blurry or blobbish; to make spots smaller and less blurry, decrease diam.  If you have problems getting good picking, you can also modify other settings (see $ ./ApDogPicker.py --help) for options.

Note: You can also convert .mrc to .tif with em2em if you wish so you can compare it to the .jpg output of DoGpicker.  You can view .dm3, .mrc, .tif, and .spi images with EMAN; you can view .tif and .jpg with ImageMagic ($ display).  You can also convert .mrc to .spi with em2em, and view the .spi images with WEB, but remember that when you view spider (.spi) images with EMAN they will be inverted relative to viewing them in WEB.

5.  Auto pick with DoGpicker
When you find acceptable settings, pick all images automatically using a "picks.exe" script.  Create picks.exe with a text editor (vi, emacs, kate, etc.)  and edit with your file name and numbers, and previously determined settings.

picks.exe

----------------------------------------------------------------------------------------------------------

(for (( i=1002; $i <= 1099; i++ ))

do                                 



./ApDogPicker.py --image=../mics/imagename_d3m${i}.mrc --thresh=0.9 --diam=7 --outfile=../coords/picks_d3m${i}.dog

done

----------------------------------------------------------------------------------------------------------

To run type on command line: 

$ ./picks.exe

6.  Convert the coordinates to Spider format.

Convert coordinate (pick) files from .dog format to .spi format with DogCords2Spi.exe.

$ ./DogCords2Spi.exe ./picks_d3m****.dog ./picks_d3m****.spi

7. Determine TiltPicker settings.

Pick particles from imagename_d3****.spi files (decimated UN-mirrored .spi files).  First test settings with one image pair.  Go to TiltPicker directory and type on command line:

$ ./ApTiltAutoPicker.py -1 ../mics/imagename_d31001.spi -2 ../mics/imagename_d31002.spi -t -55 -d 17 -x 0 -o ../coords/tpicks_d31001.spi --p1=../coords/picks_d3m1001.spi --p2=../coords/picks_d3m1002.spi

-t is tilt angle (absolute), negative means that image 1 is tilted

-d is diameter of particles in pixels, use same value as for DoGpicker
-x is tilt axis angle, 0 usually works, but it may fail if angle varies much, you can use ApTiltPicker.py to determine interactively

-o is output file containing tilt pick coordinates in spider format

--p1 and --p2 are picks files generated by DoGpicker
8.  Auto pick tilt pairs with TiltPicker.

If the test set works, pick all images automatically using a “tpicks.exe” script.  Create tpicks.exe with a text editor (vi, emacs, kate, etc.)  and edit with your file name and numbers, and previously determined settings.

tpicks.exe

-------------------------------------------------------------------------------------------

(for (( i=1003; $i <= 1243; i=i+2 ))

do                                 



((j=i+1))


../ApTiltAutoPicker.py -1 ../mics/imagename_d3${i}.spi -2 ../mics/imagename_d3${j}.spi -t -55 -d 17 -x 0 -o ../coords/tpicks_d3${i}.spi --p1=../coords/picks_d3m${i}.spi --p2=../coords/picks_d3m${j}.spi

done

-------------------------------------------------------------------------------------------

To run type on command line: 

$ ./tpicks.exe

These settings have worked on a data set containing 122 tilt pairs (total 244 micrographs).  If you have problems, you could test manually first on a sampling of image pairs throughout the data set to find settings that will work for the whole data set.  But I recommend just running it, and if a few failures occur, you can always do these interactively with ApTiltPicker.py.

9.  Window particles

Window particles into stacks using tpicks_d3****.spi coordinates and original imagename_****.spi micrographs (un-decimated un-mirrored) with and appropriate Spider script (such as WindowTiltPairs.spi). 

10. Process with Spider or convert the stacks to .mrc with em2em for processing with outher programs.  For random conical tilt (RCT), align and classify the untilted particles and then apply the in-plane rotational alignment parameters to calculate projection angles for the tilted particles to produce RCT reconstructions.














































































