Image processing: manual/semi-automatic alignment using

VERSION used: 4.6.3
ETOMO: setup tomogram

ETOMO

http://bio3d.colorado.edu/imod/doc/etomoTutorial.html

%g O Setup Tomogram - Etomo

File Tools Yiew Options Help

Dataset name: |

Templates

Scope template:[

System template:an selection (2 available)

User template: |

@ Dual axis ) Montage

©Oe ®
| : . ,,
|B Backup directory: |g
-Data Type
| Axis Type Frame Type
) Single axis ® Single frame

Scan Header

Parallel Processing

|| Graphics card processing

Image distortion field file: |

Mag gradients correction: |

=

Pixel size (nmj): Fiducial diameter (nmj: Image rotation (degrees): |

|ﬂ Binning: _15

- Axis A
® Extract tilt angles from data

() Specify the starting angle and step (degrees)
Starting anagle: Increment

() Tilt angles in existing rawtit file

[_]Series was bidirectional from

- Axis B:
® Extract tilt angles from data

i) Specify the starting angle and step (degrees)
Starting angle: Incrementc

J Tilt angles in existing rawtlt file

degrees | [_|Series was bidirectional from

degrees

Exclude views: |

Exclude views: |

View Raw Image
Stack

[[] Focus was adjusted between montage frames

View Raw Image
Stack

[ Focus was adjusted between montage frames

Cancel

Use Existing Coms Create Com Scripts

Mo data set loaded

Settings:

Data set name: File with extension “.st” (is an mrc file but with another name,
you can just copy your name.mrc file to name.st; the angle file has to be renamed with
the same name of the .st and with extension .rawtlt)

single axis
single frame

set: pixel size, fiducial diameter, image rotation: 02 (ALBA)




specify starting angle and step in degree

=>» Create Com Scripts

file Options  Heip

Fre- processing
Mot Started

Coarse Alignment
Mot Starued

Fiducial Model Gen.
oL Started
oL Starte

Tomograrn Positioning
Mot Started

Fimal Aligned Stack
oL Started
Tomogram Generation
Mot Started

Tomogram Combination
Mot Started

Post-processing
oL Started

Clean Up
ot Staried

files fhome/sue h/tutarials /version3- 14/ ttorialData/ BE.edf . |

1) Pre-processing: CCD eraser

To erase the hot pixels or the dark pixels: it looks for "peaks", or pixels whose
intensity deviate from the surrounding pixels by a certain number of standard
deviations, which is specified in the Peak criterion text box. It also looks for pixel-to-
pixel differences that exceed background by a certain number of SDs, specified in
the Difference criterion text box.

Standard settings: Peak criterion 10.0
Difference criterion: 8.0



Maximum radius: 2.1

find - view (if it is ok*) — create com scripts —» view fixed stack — use
fixed stack — Done

*If nothing else is detected lower the peak criterion to 8 and the
difference criterion to 6.

4 (©) BB - Etomo @R ®

File Tools View Options Help

Axis A No process L
| || Kill Process |
| Axis B | | Both
- CCD Eraser
Pre-processing rAutomatic X-ray Replacement
Not Started Peak criterion: 10, |
Coarse Alignment Difference cl'iterion:|8. |
Not Started Maximum radius:2. 1 |
Fiducial Model Gen. Extra-large difference criteriun:|19. |
Mot Started
Fine Alignment " ; q
Find X-rays (Trial ;
Mot Started Mode) View X-ray Model
Tomogram Positioning :
Mot Started | Manual Pixel Region Replacement _fij
Final Aligned Stack
Mot Started Create Fixed Stack View Fixed Stack Use Fixed Stack
Tomogram Generation Show Min/ Max for Show Min/Max for
Mot Started Raw Stack Fixed Stack
Tomogram Combination
Mot Started Cancel ‘ ‘ Postpons | | Done ‘ ‘ Advanced
Post-processing
Not Started
Clean Up
Mot Started

Data file: /home/sueh/tutorials/versiond- 6 /tutorialData, BB.edf

2) Coarse alignment

The main purpose of this step is to get images aligned well enough for automatic
tracking of fiducials.

Calculate cross-correlation (determine X and Y shifts of one image with
the previous one) — generate coarse alignment (converts all translations in




translations that will bring all images into alignment) — view aligned stack in
3dmod - Done

Usually alignment is not good enough and you need to manually click on a
certain number of features/contours: you do this with the next step “fiducial
model generation”.

|4 () BB - Etomo @ ®

File Tools View Options Help

Axis A Mo process

‘ Axis B | ‘ Both ‘| |’W‘

-Coarse Alignment

Pre-processing (= 7 : =
Not Started ml _ Tilxcorr ﬂj:
Coarse Alignment Calculate Cross-
Mot Started Correlation

Fiducial Model Gen. -

Not Started = Newstack Al
F";;?;Igr:{zsm Generate Coarse View Aligned Stack
Aligned Stack In 3dmod

Tomogram Positioning
Not Started [ | Fiducialless alignment

Tilt axis rotation:|-12.5

Final Aligned Stack

Mot Started
Fix Alignment With
Tomogram Generation Midas
Mot Started

Tomogram Combination

Mot Started Cancel Postpone Done Advanced

Post-processing
Mot Started

Clean Up
Mot Started

Data file: /home/sueh/tutorials/versiond-6/tutorialData; BB.edf

3) Fiducial model generation
Make seed and track — View Seed Model
Here you have several options:

1- Manual seed
2- Generate seed model automatically



1- Manual seed:
The 3dmod, ZAP window and Bead Fixer window will appear:
In the 3dmod window:

[Object: it will be one object.

[Contour: minimum 3, 7-8 will be enough. To generate a new contour
use “N”.

[Point: for each contour you will follow a feature along the tilt series in
the ZAP window creating “point” for each projection. The best is to choose details
that you can follow along the whole series and in such a way to cover the entire field
of view (some details in the center, some details in the corners).

De-select the “Autocenter” option in the Bead Fixer window. To create a point on
the chosen detail uses the central mouse button. To go from one projection to
another one, use “forward page/ rear page”. To move a selected point (and improve
the positioning of your selection) use the arrows. To delete a selected point use the
“delete” button. To select a point use the left mouse button (in the selected point a
small yellow circle will appear). Change the contrast in the image using the 3dmod
window.

The goal is to click on some fiducials and then let IMOD complete the tracking in the
next step (track seed model etc.)

Save your model from time to time and when you finish (in the 3dmod window File-
>Save Model).

3dmod window: Bead Fixer window:
3dmod: 20140529 51 _tomo_08p.. | = | B | & Bead Fixer (.| = & | 2
File Edit Image Special Help Operation
20140529_51_tomo_08.seed i+ Make seed
ﬂlilﬂlglp Show ﬂl ¢ Fill gaps
= ——— £~ Fix big residuals
TEEIEE [T =] [0 || x [+26 =] /o84
LBkt [ - " Look at contours

Contour [3 =] /8 v [308 =] 1974
v Autocenter [~ Light
P‘Oint|52 E 1131 Z|52 Eﬁ 113
Diameterlﬂ' 3:

Black 128 [ Mode—

o r Movie [~ Automatic new contour
ite

[~ Float [~ Subarea ,ﬁutal + Model |_[eini e |4 3:

[~ Reverse overlay contrast

Image size a4 x 474, 1371 seclions. _]
3dmod 4.5.7 Copyright 1994-2010 Danel HEIDl
BL3DEMC & Regents of the Univ. of Colo. =

Then: - Track Seed Model - Fix Fiducial Model — Track with Fiducial Model as
Seed (deselect the option “Fill seed model gaps” and “Local tracking”). Once finished
click “Done”.



20140525 51 tomo_08 - Etomo

le= [WEL| =EE

File Tools Yiew Options Help

Pre-processing
Complete

Coarse Alignment
Complete

Fiducial Model Gen.

Mo process -
[ |

~Fiducial Model Generation

Kill Process

® Make seed and track
) Use patch tracking to make fiducial model
| ) Run RAPTOR and fix

In Progress

View Seed Model

Beadtracker

Fine Alignment
Complete

[View skip list: |
ESeparate view groups:| |

Tomogram Positioning
in Progress

Final Aligned Stack LIFill seed model gaps

Complete ["] Local tracking

|Local area size:

EMax. # views to include in align: ':

Track Seed Model

Tomogram Generation
Mot Started

Post-processing

Not Started
T r Track with Fiducial
Clean Up Fix Fiducial Model Model as Seed
Mot Started

| Cancel | Postpone | Done | Advanced

Data file: .../Sugar_bologna/resolution/tomo_08, manuale/ 20140529 51 tomo_08.edf

2- Generate seed model automatically

In this case Imod will generate a seed model automatically based on fiducials. To use
this approach you will need to have a good fiducial marker distribution. In any case
you can try.

For that you have to estimate the number of fiducials and include it in the
parameter “Selection and Sorting Parameters = Seed Points to Select = Total
number”

Once the seed model is generated you proceed as in the other option (Track Beads).



B A Ais - 20170022 tomald_ - Etomo@pebl0903

File Tools View Optioms Help
Axis A No process r]ﬂi
= 4ill Process
| asi. | | Botn || |
- Fidueial Model Generation
Fre-processing
‘ Not Started (® Make seed and track
) Use pateh tracking to make fiducial model
Coarse Alignment ) Run RAPTOR and fix
Complets
[ SeedModel | TrackBeads |
Fiducial Model Gen.
In Progress () Make seed model manually
® Generate seed model automatieally
Fine Alignment B
Complets ) Transfer seed model from the other axis
- Hoadiracker A
Tomogram Fosiiloning —! P ——J
Compleie View skip list: |
Separate view groups: !
Final Aligned Stack
Complete [[] Refine center with Sobel fllter.
Sigma for kernel filter: |
Tomogram Generation |
In Progr
ogress Initial Bead Finding Parameters lection and Sorting Parameters ——

Mot Started

Post-processing

‘ Tomogram Combination
‘ Mot Started

Clean Up
Mot Started

feed Points to Select

15 T
'®) Total number: |30

) Density {per megapizel):

Create/Edit Boundary

[ Use boundary mcdel Model

[]Exclude inslde boundary contours

Open Initial Bead
Model

[ select beads on two surfaces
[ ] Add beads to existing model

Open Sorted 3D
Models
Generate Seed Model Open Seed Model Cleanly T.em
d Files
Cancel_| [ Postpene | | peme |

Data file: ..7- 112017022084 dluque/DATA/RE CON_S30/tomol 4/20170022_tomol4_edf

4) Fine alignment




.
20140529 _51 _tomo_08 - Etomo

File Tools View Options Help

Pre—processing
Complete

Mo process

l Kill Process

rFine Ali

Coarse Alignment
Complete

Complete

Fine Alignment
Complete

Tomogram Positioning
In Progress

Final Aligned Stack

rTiltalign Parameters

[ General | Global Variables | Local Variahles

List of views to exclude: |

Separate view groups: \

rResidual Reporting

Threshold for residual report: 3.0

Relative 1o -
) Neighboring views

| s.d.

-Analysis of Surface Angles

‘ Fiducial Model Gen.

Complete

@ Do not sort fiducials into 2 surfaces for analysis
() Assume fiducials on 2 surfaces for analysis

Tomogram Generation
Mot Started

rvolume Position Parameters

Total tilt angle offset: [0.0 |

Mot Started

‘ Post- processing
Tilt axis z shife[0.0 |

‘ ® All views
Mot Started ‘

‘ Clean Up

rLocal Ali Parameters

[_] Enable local alignments
Local Patch Layout:

atch size GGy

Min, # of fiducials @otal, each surfacey:

Compute Alighment

View/ Edit Fiducial
Model

‘ View 3D Model

View Residual
Vectors

[T

| Cancel | | Posipone | | Done | | Advanced |
< Il I
Data file: .../Sugar_bologna/resolution/tomo_08/ manuale/ 20140529 51_tomo_08.edf

[ ¥

Basic — starting options (corresponding to minimum degrees of freedom to create
the aligned stack):

General: All views
Do not sort fiducials into 2 surfaces for analysis

- One rotation

- Fixed magnification

- Fixed tilt angles

- Distortion solution: Disable

Global variables:

Then:

— Compute alignment. Look at the Log window (if it is not already open: view ->
show Log window) and check the two number “Residual error mean and sd”.
Then*:
- View/Edit Fiducial Model. In the Bead Fixer window select “Fix big residuals”.
— go to the next big residual - move point by residual (do it for all necessary points)
In the 3dmod window: File - save model
You can also delete points that have been tracked not correctly, as well as, modify the
position of the points proposed.



some tips:
To go from one contour to another: use the middle button mouse
To move the selected contour to another position: use the right button on the mouse

The square brackets allow you to go from one projection to the other with the same
contour selected

coma goes to next residual

to change size of the contour (green circle) go to edit- object-type to get the size bar
sk 3k 3k sk 3k 3k sk 3k 3k sk 3k 3k sk 3k sk sk 3k sk sk 3k sk 3k sk sk 3k 3k sk 3k sk sk 3k sk koo sk k sk sk k

— Compute alignment. Look at the Log window. The two number “Residual error mean
and sd” have to be smaller than before.

Repeat from * until the Big Residuals will finish.
— Done
5) Tomography positioning

Correct if the region you want to reconstruct is above or below the rotation axis.
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20140529 51 tomo_08 - Etomo = |BH)

File Tools Yiew Options Help

Aligning stack

Pre-processing |

done || Kill Process
Complete

~Tomogram Positioning

Coarse Alignment

[ Use the GPU
Complete

Sample tomogram thickness: |§00

[_] Fiducialless alignment

Fiducial Model Gen.

Complete
Tilt axis rotation:
Fine Alignment Binnin E)|
Cotiplete [ ] Use whole tomogram  Binning =
Tomogram Positioning -?:::;eg?:::fle
In Progress
Final Aligned Stack Iﬁlre:tf coutiddly
Complete ace

i inned: 5.0 |
T e Added border thickness unbinnedy: |> O

Mot Started -
: Compute 7 Shift &
i Pitch Angles
Post-processing
Het Stared Final Alignment
Clean Up Angle offset:  Totak|0.0 |
Mot Started

Z shift  Totak|o.0 |

Create Final
Alighment

Tilt Parameters

X axis tilt  Totak/o.0 |

Final Tomogram Thickness: 100

| Cancel | Postpone | Done | Advanced |

Data file: .../Sugar_bologna/resolution/tomo_08/ manuale/20140529_51_tomo_08.edf

'Sample tomogram thickness: 1200 slices (the important is that it has to be bigger than
the actual sample thickness).

— Create Sample Tomograms (it will reconstruct regions “top/middle/bottom”)

— Create Boundary Model. The ZAP window will open. For the 3 regions
top/middle/bottom, define two parallel* lines containing the sample (organic material).

*they are supposed to be also parallel to the quantifoil.
Save the model (in the 3dmod window File->Save Model).
— Compute z shift and Pitch Angles

— Create Final Alignment
— Done



6) Final aligned stack

20140529 51 tomo_ 08 - Etomo o= 2
File Tools Yiew Options Help
Creating aligned stack -
Pre-processing done Kiil Process
Complete .
~Final Aligned 5tack
Coarse Alignment Create | Correct CTF | Erase Gold | 2D Filter |
Complete = F
Newstack ‘_,ﬂ
Fiducial Model Gen. 4 : =
Complete [_] Use linear interpolation
Aligned image stack hinning:i 1E|
Fine Alignment - : o
Complete | | Fiducialless alignment
Tilt axis rotation
Tomogram Positioning
In Progress
Create Full Aligned View Full Aligned
Final Aligned Stack Stack Stack
in Progress
Tomogram Generation || | "
Not Started Cancel Postpone | Done Advanced |
Post-processing
Mot Started
Clean Up
Mot Started
Data file: .../Sugar_bologna,/resolution/tomo_08/ manuale/20140529_51_tomo_08.edf

— Create Full Aligned Stack (create the .ali file* which contain the final aligned stack).
— View Full Aligned Stack (to check it).
— Done

Once this step is complete, you can do the tomogram reconstruction following two

procedures:
1- Tomogram generation step in Imod
2- tomo3d

1- Imod Tomogram Generation Step:

You can use two algorithms to do the reconstruction: Back projection or SIRT. The first
one is faster but the resulting volume will result in a volume with a lower signal to noise
ratio. The SIRT one is an iterative procedure that will result in a volume where features
will be more clearly identified.

In both cases the parameter tomogram thickness in Z will be automatically determined
by Imod based on the tomogram positioning step. The parameter Standard Gaussian
cutoff should be determined empirically, a good starting point is a value of 0.03. You can
vary this parameter and look how it is affecting the resulting volume.

Back projection reconstruction:



_
1 A Axis - 20170922 tomol4_- Etomo@pcbi0o03 -e

. *._@@lﬂ

File Tool: View Options Help
Axis At No process —_—
| | Kill Process |
i _-j Parallel Processing _-\_f._j
Pre-processing - - - 0 .
Not Started Computer|# CPUsi!_I__._q_a_g_A_.\_?BragQ!Restal’ts; Finizhed Failure
| Used |1 Min.|5 Min.| | Chunks |Reazon,
Coarse Alignment [Fllocalhost: (00 jae1 | L | |
Complete -
CPU=: 1 Restart Load | Nice: | 15H | Pausze | | Resume | | Save Az Defoults
Fiducial Model Gen. |
In Progress

.-Tumngram Generation
Fine Alighment 8 Back Prajection ) BIRT
Complete _'J Tilt ﬁi
Tomogram Fosiilohihg
Complete Farallel processing

[ Use the GPU: Maximum humber of GPUs recommended 1z 3

Final Aligned Stack

Take logarithm of densittes with offset: |0.0 |
Complets
— Tomogram thickness in 2: 00 Zshift: [0.0
Tomograln Geheration =
n PTUQTE_EE X axis tilt: |-1.92 |

Radisl Filtering

Tomogran Combination . ; loasi . : ’@
Not Started Standard Gaussian cutoff: : Falloff (sigma): :

[ | Hamining-like filter (as in tomo3d) starting from:

Post-processing

[ | Use SIRT-like filter equivalent to: iterations
Not Started
[¥] Use local alighments
N?tg;?aﬂl;d Usge Z factors
View Tomcgram In Delete Intermediate
Sencrate T Sdmod hnage Stacks
Clancel | | Postpome | | Done | | Adwvanced

Data file: ...7. 112017022084 -dlague/DATA/RECON_S50/omol 420170822 tomold edf

SIRT reconstruction:



# A Axis - 20170922 tomol4_ - Etamo@pcbi0903 . .. ¥ sy el Lol o
File Tools View Options Help

Axis A No provess. —_—
| | | Eill Process |
Axi. | | Bon | L :
| _-J Farallel Processing _-51
Fre-processing - - n -
Not started Computer|# C_:_P___I:Ts:Lu__a_g ﬁvg;;ag Reslarts lnlshed.::l’allurg
L | Used |1 Min.|5 Min.| | Chunks |Reason
Coarse Alighment ] Iocalhost 1 007 Joo4 | | | |
Complete -
CPU=: 1 Restart Load | Nice: | lEH | Pausze | | Resume | | Save As Defaults
Fiducial Model Gen. |
In Progress
~Tomogram Generation
Fine Alignment ! Back Projection ® SIRT
Complets _-_] = = T = &i
Tomogram Positioning [[] Use the GF: Ma¥imum number of GFUs recommended is 3
Complete

] Take logarithm of densities with offset: |0.0 |

Final Alighed Stack . -
Complete Tomogram thicknessinZ: (900 | Zghif: [00 |

Xaxistilt: |1.92 |

Tomogram Generation
In Progress [#] Use local slighments

Use Z factors

Tomogram Combination
Not Started -
[] Reconstruct subarea

Pogt-processing

|Size in X and Y: Offzetin ¥:
Not Started i -
[l SIRT Al
Clean Up f“—] ——— —J
Not Started - Radial Filtering
Standard Caussisn cutoff: 0.4 | Falloff isigmay:  [0.025
Iteration #'s to retain: | |

[] Scale retained volumes to integers
[1 Do not make wertical slice cutput files used for resuming
[ | Delete existing reconstructions after starting point

® Stavt from heginning

() Resumne from last iteration

) Goback, resume from iteration: | |

Run SIRT e Loz In Use SIRT Output File
G

Cancel | | Postpone | | Dome | |Adv9.nced |

Data file: ...7- 11201702 2084 -dluque/DAT A/RECON_S30toono 1420170022 tomold edf

2- tomo3d

* The .ali file generated in the step final aligned stack is an .mrc file that can be used
with TOMO3D (for instance) to obtain the reconstruction.
https://sites.google.com/site/3demimageprocessing/tomo3d

Tomo3D is a very fast reconstruction software that allows to choose between WBP and
SIRT (including number of iterations). Do a “-help” to know how to choose one or the
other.



Obs: the job can be resumed at any moment by loading the .edf file from the starting
window “front page” in File:

File Tools Yiew Options Help

Mew Tu_m_ugram' Mew Join

Mew Monlinear Mew Generic Parallel
Anisotropic Diffusion | | Process

Mew PEET Flatten Yolume

Test GPU




