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CryoET data processing pipeline

* Tilt series alignment / tomogram reconstruction
 Tomogram annotation / particle extraction
 CTF determination / CTF correction

 Initial model generation

e Subtomogram refinement

 Heterogeneity analysis



CryoET data processing pipeline

* Tilt series alignment / tomogram reconstruction
IMOD, RAPTOR, ... IMOD (WBP, SIRT)

 Tomogram annotation / particle extraction
Amira, EMAN2 PyTom, EMAN2, ...

e CTF determination / CTF correction
CTFFIND,... IMOD,,...

 Initial model generation
PyTom?

e Subtomogram refinement
PEET, Relion, PyTom, emClarity, etc...

 Heterogeneity analysis

Relion, emClarity...



Integrated CryoET data processing pipeline

* Tilt series alignment / tomogram reconstruction
EMAN2 EMAN2

 Tomogram annotation / particle extraction
EMAN2 EMAN2

e CTF determination / CTF correction

EMAN2 EMAN2
* Initial model generation Benefit of integration:
EMAN2 |
* Subtomogram refinement + User frlend!y
EMAN2 * Book-keeping
» Heterogeneity analysis * Automation

EMAN2
e Performance
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E.coli over expressing AcrAB-TolC pump
Z. Wang, X. Shi, BCM
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Reconstruction via tiled direct Fourier inversion

e Reconstruction via tiled direct Fourier inversion

 Normally only generate 1K or 2K output
-> for visualization and annotation




Irect Fourier inversion
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Tomogram annotation

Input 145 ; G :
../ CNN based auto-annotation
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What’s new?

Trained
C Nl Neural
ompare Network
Network

* |ntegration with tomogram
reconstruction

 New particle selection interface

* Better bookkeeping of trained networks
and segmentations

* Directly extract particle coordinates
from annotation

EMD-8594, PC12 cell



Particle extraction

To locate particles:

 Manual particle picking / extract
coordinates from annotation /
template matching

o Select different types of particles
INn the same tomogram at
different scaling/filtration

 How to get unbinned particles

since we only make binned

Trypanosome flagella and cell body tom Og ram S?
S. Y. Sun, Stanford .




Particle extraction

To generate 3D particles:

 Map particle coordinates back to raw tilt series and extract sub-tilt series for
each 3D particle

 Reconstruct 3D particles from the sub-tilt series via direct Fourier inversion

 But before this, CTF correction...



CTF determination and correction
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* Estimate the defocus at the
center of image using all
information from the micrograph
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Initial model generation
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Fourier shell correlation
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Subtomogram reflnement
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EMPIAR 10064: 3239 particles, 13A -> 8.5A

Two-step approach:

 Determine and refine the transform of each subtomogram

 From the subtomogram orientation, locally refine the
transforms of the 2D sub-tilt series corresponding to each

0.15 Q.20

resoluton (114 particle (per-particle-per-tilt refinement)



Subtomogram refinement

AcrAB-TolC pump on e.coli:
1321 particles, ¢c3 symmetry, 19A -> 14A
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Heterogeneity analysis
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Project management utilities

2, G e?tnmao_eval.py <2>
ID file name loss defocus

3 tomo_vpp_zoids_flag_def-1... |613

4 tomo_vpp_zoids_flag_def-1... 370 4.22 -1

5 tomo_vpp_zoids_tlag_def-1... /592 4.36 -1

6 tomo_vpp_zoids flag def-1... O 7.54 -1

7 tomo_vpp_zoids_flag_def-1... |O 1C.86 -1

8 tomo_vpp_zoids_flag_def 1... |421 1.93 1

9 tomo_vpp_zoids flag def-1... 165 1.46 -1

10 tomo_vpp_zoids_flag_def-1... |0 1.83 -1

11 Lomo_vpp_coids May_del-1... 196 6.28 -1

12 tomo vpp zoids flag def-1... 16 5.62 -1

13 tryp_fla_8Ue_cef-25_1__bind | 140 L.42 2.9

14 tryp_fla_80e_cef-25_1_ bin... 1140 1.42 2.9

15 tryp_tla_80e_cet-2__hind 0 1.44 2.5

15 tryp_tla_80e _cef-26_11_ bind 181 0.99 29

17 tryp_fla_80e cef-36 11 bi... 181 0.99 3.9

12 tryp_fla_80c_ccf 26_12__bin4 100 2.33 4

19 tryp_fla_80e _cef-36 13 bi... |100 2.33 4

20 tryp_fla_80e _cef-3 2 bind |0 1.34 3.3

21 Lyp Mla_80e cel-3 2 bing... 0 1.34 3.3

22 Lyp Ma 80e cel-45 12 bind|0 0.38 4.9

23 tryp_fla_80e_cef-45_12_ bi... 0 0.38 4.9 %
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Many features per tomogram,

many tomograms per projects...
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Future directions

Integrate to data collection
Smaller proteins, higher resolution
ldentify unknown protein from cellular tomograms

Solve continuous heterogeneity in situ
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Task Program name # Cores Walltime (min) Iterations

Raw data import eZ2import.py 1

Tomographic reconstruction e2tomogram.py | 12 9 2,1,1,1
Reference-based particle picking e2spt tempmatch.py 7

CTF correction e2spt_tomoctf.py 2

Subtomogram extraction e2spt_extract.py ' 1 31

Initial model generation e2spt_sgd.py T 12 41 3
Subtomogram refinement e2spt_refine.py | 12 181 3
Subtilt refinement e2spt_tiltrefine.py ™ 96 308 6

Parallelism: * = MPI, ' = Thread. Note, e2spt_sgd.py is parallelized by batch, so running the
program with a batch size of 12 will use 12 threads.

EMPIAR 10064: 3239 particles, 13A -> 8.5A



