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Preparation

1. Create a folder containing the 4 IMOD tomography files <dataset.mrc>, <dataset.rawtlt>, <dataset.txt>, <dataset_shifts.txt>.

2. Run $ imod <dataset.mrc>.

3. Press Auto and enable Float to improve contrast ratio.  This will fix issues stemming from the varying beam intensities between tomograms.

4. Scroll through the sections to the last section that shows the entire area of interest (e.g. Golgi) and clearly-spotted gold fiducials.  In this example, it is #1 to 66 as section 67 cuts off the Golgi. Note that when entering the range, it should be entered as 0-65 since it starts counting at 0.

5. Run $ newstack using the example below.   The output is a chart that displays the MRC header contents and the input/output values of the new image file.  Note that the output file requires a .st extension as in <dataset.st> in order to be read by IMOD etomo.

 # of input files (or -1 to read list of input files from file): 1

 Name of input file: 080521_2.mrc

 Enter list of sections to read from file (/ for all, 1st sec is 0; ranges OK):

 0-65

 # of output files (or -1 to read list of output files from file): 1

 Name of output file: 080521_2.st

 Output file X and Y dimensions (/ for same as first input file): /

 Output file data mode (/ for same as first input file): /

 1 to offset centers of individual images,

  -1 to apply same offset to all sections, or 0 for no offsets: 0

 1 or 2 to transform images with cubic or linear interpolation, 0 not to: 0

 Enter 0 for no floating

        -2 to scale to bytes based on black and white contrast levels

        -1 to specify a single rescaling of all sections

         1 to float all sections to same range

         2 to float all sections to same mean & standard deviation

         3 to shift sections to same mean without scaling

      or 4 to shift to same mean and specify a single rescaling: 2



Table 1.  IMOD newstack example.

6. Launch $ etomo to fine tune the tomogram.

Etomo Instructions

Hot Keys

· Press the Insert key to shift to the middle slice.

· Press the N key to start next contour.

· Left-click selects a fiducial, middle-click creates a new fiducial, right-click moves a fiducial to new location after a left-click selection.

Setup Tomogram

1. Under dataset name, open <dataset.st>.

2. Set Axis Type to Single axis.

3. Scan header.

4. Set fiducial diameter to 15 nm.

Note: Fiducials are produced by running a gold solution over the specimen at which the gold particles would adhere to, serving as reference points for tomography alignment.

5. Create Com Scripts.

Pre-processing

1. Find X-rays (Trial Mode).

2. View X-ray Model.

Note: The small colored circles enclose the pixels that should be removed due to unusual intensities caused by the x-ray image generation process.

3. Create Fixed Stack.

4. Use Fixed Stack.

5. Done.

6. Close 3dmod when prompted.

Coarse Alignment

1. Calculate Cross Correlation.

2. Generate Coarse Aligned Stack.

3. View Aligned Stack in 3dmod.

4. Leave the fiducialless alignment unchecked.

5. Don't click Fix Alignment with Midas.

6. Done.

Fiducial Model Gen

1. Seed Fiducial Model.

· In the Bead fixer, select make seed and check autocenter and automatic new contour.

· Press Insert to switch to the middle slice.

· Press the middle mouse button to set the position of gold bead.  Choose between 3-10 beads in the middle slice and scroll to make sure they appear in all other slices.

· File → Save model.

2. Track Seed Model.

Repeat the following until all beads are selected for all slices:

1. Fix Fiducial Model.

In the Bead fixer, select Fill gaps and enable Autocenter.

Click Go to Next Gap.

Press Page Up and push the middle mouse button to place the missing bead.  Repeat this step.
File → Save model.

2. Track with Fiducial Model as Seed.

3. Click Fix Fiducial Model to check that the selected beads appear in all slices.

4. Done.

Fine Alignment

1. Under General tab, Select Assume fiducials on 2 surfaces for analysis in the Analysis of Surface Analysis.

2. Change threshold for residual report from 3.0 to 2.0.

3. Under Global variables tab, Select Full solution under the distortion solution type.

4. Compute Alignment.

5. Right click anywhere on etomo & select Align log file and click the Surface Angles tab.

6. In the Etomo General tab, correct these 2 fields as follows:

Total tilt angle offset = Avg x axis tilt needed

Tilt axis z shift = total tilt angle change

7. View/Edit Fiducial Model.

8. Bead Fixer → Fix Big residuals.

9. Open Tiltalign Log File.

10. Go to Next Big Residual.

11. Left click to select the gold particle that needs adjustment, right click to put to new location.  Alternatively, click move point by residual.

12. Go to Next Big Residual and repeat the process until no more residuals left.

13. File → Save model.

14. Compute Alignment.

15. Open Align log file, enter updated values into the 2 fields and recompute alignment.  Repeat until the Residual error mean and sd are approximately 1 under the Errors tab.

16. Done.

17. Close 3dmod.

Tomogram Positioning

1. Change the sample tomogram thickness from 200 to 500.  The normal thickness is 200, but the increase is to account for tilting.

2. Create Sample Tomograms.

3. Create Boundary Model.

1. Draw the top border line.  Press the middle button to add a start point, hold down Control, then middle button to mark the end point to draw a line segment.

2. Press N once to terminate line segment mode.

3. Draw the bottom border line.  Press the middle button to add a start point, hold down Control, then middle button to mark the end point to draw a line segment.

4. This completes top.rec.  Use the arrows to scroll to mid.rec and bot.rec to repeat the procedures.  If the boundary model cuts off the boundaries, then increase the tomogram thickness two- or three-fold and rerun Create Sample Tomograms.

4. Create Final Alignment.

5. File → Save model.

6. Done.

Tomogram Generation

1. Create Full aligned Stack.

2. View Full Aligned Stack (optional).

3. Generate Tomogram.

4. View Tomogram in 3dmod.

5. Done.

Note: Filtering is applied in Amira and not in IMOD.

Post-processing

1. Select Swap Y and Z dimensions.

2. Trim Volume.

3. Reduce factor in X, Y, Z by 1.25.

4. Squeeze Volume.

5. Done.

Note: The resulting uncompressed tomogram is called <dataset.rec> with a resolution of 2048x2048 and compressed one is named <dataset.sqz> with a resolution of 1638x1638.

