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Main goals

1. SerialEM tilt series data collection with FastTomo script

2. Tilt Series alignment by IMOD



T1lt series data collection scheme

change tilt angle
correct image
shift (coarse)
correct image
shift (fine)
adjust defocus
acquire image VT R 500 nm
L N DR 1,

Koster et al., JSB 1997




Cryo-ET data acquisition packages

SerialEM
UCSF Tomo
Leginon
FEl tomography

EM-Manu




Automated electron microscope tomography using robust
prediction of specimen movements
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SerialEM provides a flexible interface.
The script capability provides a relatively easy way
to add commands requested by users
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Find targets for tilt series data acquisation

1. Obtain 175 X full 2. Obtain multiple .\_ae:lcldta_‘rge.
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Find targets for tilt series data acquisation

1. Obtain 175 X full 2. Obtain multiple .\_ae:lcldta_‘rge.

montage to survey small montage::;," s o 2 e
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FastTomo: A SerialEM Script for Collecting
Electron Tomography Data

Albert Xu, Chen Xu'
Department of Biochemistry and Molecular Pharmacology & Cryo-EM Core Facility
University of Massachusetts Medical School
Email: albert.t.xu@ gmail.com, Chen.Xu@umassmed.edu

Abstract—FastTomo is a SerialEM script for collecting tilted
specimen images in transmission electron microscopes to be
further used in tomographic reconstruction. It achieves a speedup
over conventional tracking methods by minimizing the usage

of off-target tracking shots, and instead aEElies Erogortional
control to the specimen images. Movement in the Z coordinate

is estimated prior to each tilt series in a separate calibration
routine. Overall, this method is fast and reliable when the field

of view is at least 1 um, and can tolerate minor errors in setting
eucentric height. The implemented tilt series schemes include the
unidirectional, bidirectional, and dose-symmetric schemes.
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Tilt series alignment and tomogram
reconstruction by IMOD (Etomo)

1. Motion correction for tilt images (MotionCorr2 or 3).

2. Stack the tilt images to get the motion corrected tilt series (IMOD).

3. Preprocess the tilt series (ETOMO).

4. Manually pick several fiducial gold (10 nm) and let the Etomo do the
tracking for fiducial.

5. Align the tilt series based on the tracking result.

More details about etomo:
http://bio3d.colorado.edu/imod/doc/etomoTutorial.html



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

%| Front Page - Etomo

¢ Tools Yiew Options Help

Mew project:

Build Tomogram

Subvolume Averaging

{PEET])

oin Serial Tomograms

Align Serial 5ections
{ Blend Montages

Monlinear Anisotropic
Diffusion

Generic Parallel
Process

Batch Tomograms

Tools:

Flatten Yolume

Test GPU

File VYiew

X| Project Log

-Project Log

File Tools ¥Yiew Options Help

-Templates

Scope template:

System template: |No selection {2 available) . 4

User template: |No selection {5 available) -

Dataset name: |25/STfiles/temp_for_worksho/Borrelia. st ﬁ’.]v ckup directory:

. NON | %| Setup Tomogram - Etomo

e
pe Frame Type

® Single axi

® Single frame

) Dual axis ) Montage

ixel size {(nm): |0.2747 Fiduci

Scan Header

[ ] Parallel Processing ics card processing

[ | Remove excluded views [ |Delete ariginal files

- Axis A

al diameter {nm): |10

- Axis B:

® Extract tilt angles from data

) Specify the starting angle and step {degrees)
Starting angle: Increment:

) Tilt angles in existing rawtlt file

Series was bidirectional from |20.0 | degrees
Exclude views: | |
View Raw Image Stack

[ 1Focus was adjusted between montage frames
Cancel Use Existing Coms

No data set loaded

age rotation {degrees): |1?5.3 |

@ Extract tilt angles from data

) Specify the starting angle and step {degrees)
Starting angle: Increment:
1 Tilt angles in existing rawtlt file

[]Series was bidirectional from

Exclude views:

View Raw Image Stack

[ 1Focus was adjusted between montage frames

degrees

Create Com Scripts Advanced




Pre-processing

® @ %/ Borrelia - Etomo
File Tools Yiew Options Help

Using fixed stack

Pre-processing done Kill Process

In Progress

Eraser
tomatic X-ray Replacement

Coarse Alignment

Not Started Peak criterion:|10.
Fiducial Model Gen. Difference crlterlun:|8.
Mot Started Maximum radius:4.2
Fine Alignment Extra-large difference criterion:|19.
Mot Started
Tomogram Positioning Find X-rays {Trial _
Mot Started Mode) View X-ray Model

Final Aligned Stack :
Not Started Manual Pixel

Replacement ﬂ

Tomogram Generation
Mot Started Create Fixed Stack

View Fixed Stack Use Fixed Stack

Show Min/Max for
Fixed Stack

Post-processing Show Min/Ma

Mot Started Stack
Clean Up
Mot Started Cancel Postpone Done Advanced

Data file: ...ANG/Borrelia/Titan/20171025/5Tfiles/temp for worksho/Borrelia. edf



Coarse alignment

. NeN | %/ Borrelia - Etomo
File Tools Yiew Options Help

Creating coarse stack

Pre-processing done Kill Process

Complete

-Coarse Alignment
Coarse Alignment -] Tiltxcorr ﬂ

In Progress

J Newstack ﬂ

ind mag change at view(s}:
Fiducial Model Gen.

Not Started

Calculate Cross-
Correlation

Fine Alignment
Mot Started

Tomogram Positioning

Mot Started
Generate Coarse View Aligned Stack
Final Aligned Stack Aligned Stack In 3dmod
Mot Started

Fiducialless alignment

Tomogram Generation

Mot Started Tilt axis mtatinn:|l?5.3
Post-processing Fix Alignment With
Mot Started Midas
Clean Up
Mot Started
Cancel Postpone Done Advanced

[/

Data file: ...ANG/Borrelia/Titan/201 71025/5Tfiles/temp for works 4 ER:




%\| Borrelia - Etomo

File Tools Yiew Options Help

[ NON ) |%| 3dmod ZaP Window: Borrelia.preali

Creating coarse stack

Pre-processing
Complete

done

Kill Process

-Fiducial Model Generation

Coarse Alignment
Complete

Fiducial Model Gen.
In Progress

® Make seed and track

) Use patch tracking to make fiducial model

) Run RAPTOR and fix

\ Seed Model | Track Beads

Fine Alignment
Mot Started

» Mak

) Gener

Not Started

Tomogram Positioning

model automatically

model manually

Final Aligned Stack
Mot Started

Seed Fiducial Model

Not Started

Tomogram Generation

Cancel I Postpone

Done

Advanced

Post-processing
Mot Started

Clean Up
Mot Started

Generate
fiducial model

> WON =

. Then press “N” In
Choose 5-10 gold particles in different areas

Close IMOD and save the model

. Press mouse middle button to select one gold particle

keyboard to create a new contour and then select another gold particle



® O %/ Borrelia - Etomo H'?Iﬁalﬁlﬁ 2— | 450755 1|l
File Tools Yiew Options Help ® © @ [X| BeadFi...

Sy R el e e L R
R 3Pk
4 Vo 2] 5 \‘:&h .
e AL e

Tracking fiducials _
Pre-processing d Kill Process - Operation
Complete "~ Make seed
-Fiducial Model Generation _Wl + Fill gaps
Coarse Alignment ® Make seed and track " Fix big residuals
C let — . . .
ompiete ) Use patch tracking to make fiducial model " Look at contours
Fiducial Model Gen. ) Run RAPTOR and fix [~ Autocenter [~ Light
In Progress :
[ Seed Model | Track Beads Diameter |36 =
Fine Alignment |
Maiestaiod _1 Beadtracker il Go to Next Gap
View skip list: | Go to Previous Gap
Tomogram Positioning Separate view groups: |1-28 |
Mot Started . . - '
o arte Refine center with Sobel filter Reattach to Gap Point
Final Aligned Stack Sigma for kernel filter: |1.5 Start from Beginning
Not Started v| Fill seed model gaps
9ap Start from Current Point
Tomogram Generation Local tracking :
Not Started Local area size: [1000 | I
Max. # views to include in align: | |
Post-processing
Mot Started Track Seed Model e
Tl SaEE s Done Help “w}‘:i» 2
80k SRS
Clean Up Track with 282 AR ‘S‘t,’»‘;;‘.‘-,.‘ SR TS
Mot Started Fix Fiducial Model ‘}é“t %ﬁ%} {_‘ Y %
TP .-‘.‘;“' ek v o :

1’- ) -~ .
g ‘\ - e
e SN A

Data file: ...ANG/Borrelia/Titan/20171025/5Tfiles/temp for work

. NN | x| Borrelia Project Log [ NN x| Borrelia Project Log
File Yiew File Yiew
-Borrelia Project Log -Borrelia Project Log
Borrelia - Mon May 06 10:08:32 EDT 2018 Borrelia - Mon May 06 10:08:52 EDT 2018
data/diskd/CHANG/Borrelia/Titan/20171025/5Tfiles/termp_for_worksho data/disk4/CHANG/Borrelia/Titan/201 71 025/STfiles/termp_for_worksho
track - Mon May 06 10:10:4% EDT 2019 track - Mon May 06 10:10:48 EDT 2018
Total points missing = 5 Total points missing = 5

track - Mon May 06 10:17:11 EDT 2018
Total points missing = 0

1. Track seed model (step 1-3), then check the total missing points

2. Step 7: press “page up” or “page down” if you see up or down arrow; then press mouse middle button to add a new
point at the gold particle position.

3. Repeat step 6-7 until you add all missing points; then close IMOD and save the model.
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Aligning stack

Pre-processing done Kill Process
Complete

-Fine Alignment
-Tiltalign Parameters

Coarse Alignment _. .. __
Complete [ General | Global Variables | Local Yariables

Fiducial Model Gen. List of views to exclude: |

Complete Separate view groups: [1-28

Residual Reporting

Fine Alignment
Threshold for residual report: |3.D | s.d.

In Progress

Final alignment of fiducial | e

w All views

iveto ) . .
Not Started ) Neighboring views
Final Aligned Stack -Analysis of Surface Angles
Not Started ) Do not sort fiducials into 2 surfaces for anal...

® Assume fiducials on 2 surfaces for analysis

Tomogram Generation
Mot Started -Volume Position Parameters

Total tilt angle offset: |0.0
Tilt axis z shift: [0.0

Post-processing

Mot Started
Clean Up -Minimization Parameters
Not Started |_| Do robust fitting with tuning factor: [ ] Find weights for contours, not points

-Local Alignment Parameters
E
-Loc
@ Tar

cal alignments

ut:
ize D y): ‘?DD-?DD| Min. # of fiducials {total, each surface): M

_ # of local patches {x,y):

View/Edit Fiducial

Compute Alignment Model

View 3D Model sidual Vectors

Cancel Postpone Done Advanced

Data file: ...ANG/Borrelia/Titan,/20171025/5Tfilestemp for worksho/Borrelia.edf
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Trimming volume
Pre-processing done Kill Process
Complete : : :
: rFinal Aligned Stack—— | Generate aligned tilt series
Coarse Alignment [ Create | Correct CTF | Erase Gold | 2D Filt

Complete

Newstack

Fiducial Model Gen.

Use linear interpolation

Complete
Aligned image stack binning: i
Fine Alignment : : e : jv
Complete Reduce size with antialiasing filter

The binning number in
— Fiducialless alignment .
Tomogram Positioning o step 2 determines the
Mot Started Tilt axis rotation: ) ]
binning factor of the

Final Aligned Stack

Create Full Aligned

View Full Aligned

Complete Stack stack aligned tilt series and the
Tomogram Generation reconstructed tomogram.
| Cancel Postpone Done Advanced YOu can Change it to dany
complete integer you want.
Clean Up
Mot Started

Data file: /data/diskd/CHNAGtemp-IMOD-workshop/Borrelia. edf
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File

%\ Borrelia - Etomo

Tools Yiew Options Help

Pre-processing
Complete

Using filtered full aligned

stack

done

Kill Process

Coarse Alignment
Complete

Fiducial Model Gen.
Complete

Fine Alignment
Complete

Tomogram Positioning
Mot Started

~Final Aligned Stack

o

[ Create | Correct CTF

Erase Gold | 2D Filter

Low pass {cutoff,sigma):

2D Filtering {optional)

0,25,0.03

Cancel

Final Aligned Stack
In Progress

Tomogram Generation
Mot Started

Post-processing
Mot Started

Clean Up
Mot Started

View Filte

Use Filtered Stac

Done

Advanced

Data file: /data/diskd/CHNAG/tem

-IMOD-workshop/tem

fBorrelia. edf
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Tomogram reconstruction

More details about WBP (weight back
projection) and SIRT (simultaneous iterative

reconstruction):

https://en.wikipedia.org/wiki/
Tomographic_reconstruction#Back_Projection_Algorithm[2]

| Borrelia - Etomo

File Tools Yiew Options Help

Pre-processing
Complete

Trimming volume

Coarse Alignment
Complete

Fiducial Model Gen.
Complete

Fine Alignment
Complete

Tomogram Positioning
Mot Started

Final Aligned Stack
Complete

Tomogram Generation
Complete

Post-processing
Complete

Clean Up
Mot Started

done Kill Process
j Parallel Processing - tilt ﬂ
GPU # GPUs |Load Average|CPU Type Speed RAM| OS |Restarts Finished Failure
Used Max. |1 Min.| 5 Min. Chunks |Reason
localhost 1 =3 0.14 |1.47 7
| |frodo 1 AMD 64 2.4 2.0 |linux
| | pippin |0 G5 2.3 5.0 0S¥
GPUs: 1 Restart Load | Nice: | 15— | Pause | | Resume | | Save As Defaults
| |Use a cluster
-Tomogram Generation
- ojection ) SIRT

Tilt

=

Parallel processing

GPU: Maximum number of GPUs recommended is 3

m of densities with offset: 0.0

¥| Ta

Z shift: |0.0

Tomogra ness in Z: (1800

¥ axis tilt: [0.0

-Radial Filtering

Standard Gaussian cutoff: [0.25 loff {sigma}: |0.05

|| Hamming-like filter {as in tomo3d) sta

Use SIRT-like filter equivalent to: |20 | iterat

Use local alignments
Use Z factors

Delete Intermediate
Image Stacks

View Tomogram In

Generate Tomogram 3dmod

Advanced

Done

Cancel Postp

Data file: /data/diskd/CHNAG/temp-IMOD-workshop/Borrelia. edf
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Thank you!

Comments & questions?

shuaigi.guo@mcaqill.ca

¢ Brookhaven = vieGill

,@Ph,,auo, National Laboratary UNIVERSITY
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