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CTF correction Assign initial Euler angles (priors)

Align subtomograms (3D)

Align tilt-series

Classify subtomograms

Reconstruct tomogram

Average subtomograms

Post-processing

Structure

Extract subtomograms

O B A H PR E = 4EE RS TR 2R A

2D projections -> 3D reconstruction

«§§ g ’i¢.

L — — N =

O K 5. W BEGESEEL T MENURL AT SR 2 Z B ——F RV T Baumeist



PR ZERTHZERE, 8T RETTWET. FBZ P E R aa
Relion!*"#1 Dynamo!'¥14¢, "R [ LA Dynamo Jy 5 ] 2247 48 ¥ W =~ 34 1 — At

2, b 6 Fiaws
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| Block A Inputs

i Block A: Define dipole models {4
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| ‘step 2 - Oversampling of VLP hexameric lattice | |

| Step 3 - Create initial reference

Block B: Define particie center &3

Alignment project for reference
" | Block C: Center particles and re-average
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| Block A First alignment project

Step § - Determine candidate particles
Block A: Create “average of

Block C. Map back to the

Block D: Map i back to the
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Block B: Define coordinates of all unil calls {3 |

Block E: Second alignment project

Block A: CC threshold
Block B: Adjust height of particles
___Block C: Re-orop

 Step 7 - Gold standard alignment
Block A: Combine tomograms and

generate even/odd dataset
Block B: Set up even/odd project
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| Step 8 - Refinement
Block A: CC filter again
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Block B. Refine even/odd project
- 4

 Step 9 - Prepare haif-maps
| Block A Prepare half-maps
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Comparison of features of major subtomogram averaging software packages

Major Software ~ RELION Dynamo

Template No Manual
Matching®

3D CTF Per-particle No
correction®

Missing-wedge 3D-Sampling WMD
compensation®

Tilt-series No No
refinement

GPU support No %gesél;;ﬁsmtgﬁ) Yes

GUI Yes Yes

# Method used for extracting subtomograms.

P 3D CTF correction algorithm such as implemented in NovaCTF

¢ Handling of missing-wedge in subtomogram alignment and classification.
9 WMD: wedge masked differences.

MU, SIS S5

] 1: FATH Dynamo X HIV-1 J5 5 FERURL AN % 8 5 50T T 72
P, K ARV, I T HIV-1 FHEFEERAN T - 4.5 A 75K
SRS A8, (il 8 FraR).

€] 8« HIV-1 J5 B FERIURL R T 1) /N ORAR =4k 45 H)

LB 2. FRATTH Relion 4.0 X oK sl HIV-1 5 2EAEBURL I W7 2 B #0471 1



Wiz AL, 223d o RIS TRITHEE, 3R45 T Wil 9 Prnii~3.4 A P45,

Bl 9. HIV-1 IR 3 FER0RL K2 454

MIE T FRT, AL FARAE A V5 B A5 b B )y T R 48 ke ok o 2 (1) 1
Fi o 110 Topazl' Oy AT F4RE . FIURLTT % s Tsonet! 7@ ik JR BEAH 25 10 268 5of W7 2 ]
SRR B 4 AT AN 43R4 T = R T2 5 BAE CryoDRGNUSTR] B 44
FHIR BEARZE P 2850 T Ikt JE AT = 4E H A . Hi&hy Alphafold L2 7E N 5
P75 P = 2k 45 K] AR A B8 7y TR HA S it Nk Je, ke T AR ¥4 5 H 7 T JE R AR
EE RN E 2R . ARSI L HOR, TESH I 2R A7 -7 = 45
BT, I — R F AR 7T .
o>k B ML, InERBUGEE R MR, )

S 3R -
1. Henderson, R. Von der Elektronenkristallographie zur Einzelpartikel-KryoEM

(Nobel-Aufsatz). Angew. Chem. 2018, 130, 10966.

2. Zhang, P. Advances in cryo-electron tomography and subtomogram averaging and
classification. Curr. Opin. Struct. Biol. 2019, 58, 249.

3. Wan, W. & Briggs, J. A. G. Cryo-Electron Tomography and Subtomogram
Averaging. Meth. Enzymol. 2016, 579, 329.

4. Yao, H. ef al. Molecular Architecture of the SARS-CoV-2 Virus. Cell. 2020, 183,
730. el3.

5. Liu, J., Bartesaghi, A., Borgnia, M. J., Sapiro, G. & Subramaniam, S. Molecular
architecture of native HIV-1 gp120 trimers. Nat. 2008, 455, 109.



6. Himes, B. A. & Zhang, P. emClarity: software for high-resolution cryo-electron
tomography and subtomogram averaging. Nat. Methods. 2018, 15, 955.

7+ Zhang, P. Advances in cryo-electron tomography and subtomogram averaging and
classification. Curr. Opin. Struct. Biol. 2019, 58, 249.

8. Briggs, J. A. G. Structural biology in situ-the potential of subtomogram averaging.
Curr. Opin. Struct. Biol. 2013, 23, 261.

9.Zheng, S. Q. et al. MotionCor2: Anisotropic correction of beam-induced motion, for
improved cryo-electron microscopy. Nat. Methods. 2017, 14, 331.

10. Rohou, A. & Grigorieff, N. CTFFIND4: Fast and accurate defocus estimation
from electron micrographs. J. Struct Biol. 2015, 192, 216.

11. Cheng, Y., Grigorieff, N., Penczek, P. A. & Walz, T. A primer to single-particle
cryo-electron microscopy. Cell. 2015, 161, 438.

12 . James R. Kremer, David N. Mastronarde & J. Richard McIntosh. Computer
Visualization of Three-Dimensional Image Data Using IMOD. J. Struct Biol. 1996,
116, 71.

13, Bharat, T. A. M. & Scheres, S:-H.”W. Resolving macromolecular structures from
electron cryo-Tomography data. using subtomogram averaging in RELION. Nat.
Protoc. 2016, 11, 2054.

14 . Castafo-Diez, D.; Kudryashev, M., Arheit, M. & Stahlberg, H. Dynamo: A
flexible, user-friendly development tool for subtomogram averaging of cryo-EM data
in high-performance computing environments. J. Struct Biol. 2012, 178, 139.

15. Scaramuzza, S. & Castano-Diez, D. Step-by-step guide to efficient subtomogram
averaging of virus-like particles with Dynamo. Plos Biol. 2021, 19.

16, "Scaramuzza, S. & Castano-Diez, D. Step-by-step guide to efficient subtomogram
averaging of virus-like particles with Dynamo. PLos Biol . 2021,19.

17+ Bepler, T., Morin, A., Rapp, M., Brasch, J., Shapiro, L., Noble, A. & Berger B.
Positive-unlabeled convolutional neural networks for particle picking in cryo-electron
micrographs. Nat. Methods. 2019, 16, 1153.

18 . Liu, Y., Zhang, H., Wang, H., Tao, C., Bi, G. & Hong Zhou, Z. Isotropic

Reconstruction of Electron Tomograms with Deep Learning. bioRXiv. Preprint.



https://doi.org/10.1101/.2021.07.17.45212.

19. Zhong, E. D., Bepler, T., Berger, B. & Davis, J. H. CryoDRGN: reconstruction of

heterogeneous cryo-EM structures using neural networks. Nat. Methods. 2021, 18,
176.



	二、Cryo-ET技术原理
	3）子断层平均软件对比
	四、应用实例与讨论

