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Protocol status: Working
We use this protocol and it's working

Created: September 11, 2025
Last Modified: January 05, 2026
Protocol Integer ID: 227018

Keywords: Cryo-electron tomography, scipion-em, image processing, segmentation, Cryo-tomogram, GPU processing,
traceable workflows for electron microscopy, modular workflow for tomogram reconstruction, electron microscopy, em electron
tomography, tomogram reconstruction, microscopy, architecture of biological specimen, standardized workflow in scipion,
nanometer resolution, source image processing platform, biological specimen, cell biology, subcellular structure, traceable
workflow, specimen, implementing standardized pipeline

Disclaimer

DISCLAIMER - FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from
taking using or relying upon the information presented here is strictly at your own risk. You agree that
neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.

Abstract

Electron tomography (ET) is a powerful technique for determining the three-dimensional (3D) architecture of
biological specimens at nanometer resolution. It is widely used in structural biology and cell biology to analyze
subcellular structures in near-native conditions. However, tomogram reconstruction is a complex, multi-step
process involving data pre-processing, alignment, reconstruction, and post-processing. The diversity of tools and
the flexibility of workflows can lead to inconsistent results, making reproducibility and traceability a significant
challenge. To address this, we present a standardized and modular workflow for tomogram reconstruction using
the Scipion-EM framework. Scipion-EM is an open-source image processing platform that integrates multiple
software packages within a unified environment, enabling reproducible and traceable workflows for electron
microscopy (EM) data processing. The platform supports automation, provenance tracking, and user-friendly
graphical interfaces, making it particularly suitable for implementing standardized pipelines.
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Guidelines

This protocol outlines a standardized tomogram reconstruction workflow within Scipion-EM, with an emphasis
on:

= Reproducibility and traceability of results;

= |nteroperability between software packages (e.g., IMOD, Dynamo, RELION, Warp/M, etc.);

» Flexibility for customization based on project-specific requirements;

= Best practices for data management and metadata handling.
The goal is to enable both novice and experienced users to execute robust tomographic reconstructions,
reduce methodological variability, and facilitate the sharing and publication of processing pipelines.

This protocol is intended for:
= Researchers and technicians engaged in electron tomography data processing;
= Cryo-EM core facility personnel developing training resources;
= Developers interested in expanding or benchmarking workflows within Scipion-EM;
= Collaborators seeking to replicate or audit published results using standardized methods.

While some knowledge with tomographic concepts and EM software is prerequised, this guide is designed to
be accessible to users new to Scipion-EM.

Materials

Software/tools referenced on these pages: Scipion-EM GUI, AreTomo (ProtAreTomoAlignRecon), IMOD/3dmod
(tomogram viewing, dose filtering and apply transformation), MotionCorr/ProtTsMotionCorr, CistemProtTsCtffind
(CTF estimation), CTFEstimationTomoViewer, ProtimodDoseFilter (IMOD - Dose filter),
ProtimodApplyTransformationMatrix (IMOD - Apply transformation), ProtimodTomoReconstruction (IMOD - Tomo
reconstruction), CryoCARE (ProtCryoCARETraining and ProtCryoCAREPrediction/CryoCARE Prediction), Warp
(ProtWarpDeconvTomo - warp deconvolve tomograms), tomo3D (ProtTomo3dProtDenoiseTomogram - denoise
tomogram, Edge Enhancing Diffusion (EED) option), MemBrain (ProtMemBrainSeg - membrain - tomogram
membrane segmentation), ChimeraX (3D rendering).

Hardware Requirements

While Scipion-EM is platform-independent, the following hardware is recommended for efficient tomographic
reconstruction:
= CPU: Multi-core processor (8 cores or more recommended)

= GPU: CUDA-compatible GPU (for GPU-accelerated tools like MotionCor2, AreTomo, Membrain-seg, CryoCARE
or RELION)

= RAM: Minimum 64 GB or more preferred for large datasets

= Storage: SSD or high-speed disk with sufficient capacity for intermediate files and reconstructed tomograms
(8Tb minimum) and SATA discs for storage (100Tb is a good start)
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Safety warnings

© Ensure the following are installed and properly configured:
Scipion-EM (v3.0 or higher) with tomography-related plugins:
- scipion-em-xmipp
- scipion-em-xmipptomo
- scipion-em-imod
- scipion-em-motioncor
- scipion-em-aretomo
- scipion-em-relion (for CTF estimation or subtomogram averaging)
- scipion-em-dynamo (for subtomogram averaging workflows)
- scipion-em-tomo
- scipion-em-warp
- scipion-em-tomo3d
- scipion-em-membrain
- scipion-em-cryocare

Python: Included with Scipion; no separate installation needed
CUDA Toolkit (if using GPU-accelerated tools)
Environment variables set appropriately (e.g., for IMOD's IMOD_DIR, CUDA paths)
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Before start

To ensure consistency and reproducibility:

= Organize your data: Maintain a consistent folder structure (e.g., one folder per tilt-series with raw data and
metadata)

= Backup raw data: Before starting any processing, create a read-only copy of your original files
= Version control: Record software versions and parameters, especially if you are working in a collaborative
environment

= Check plugin updates: Scipion plugins evolve rapidly; always check for the latest stable versions with bug fixes
or new features

= GPU vs CPU paths: Be aware of which steps benefit from GPU acceleration; plan your workflow accordingly if
using a shared cluster

Organize your data in the following:

i. Tilt-Series Data

Format: MRC, TIFF, or other supported image stacks

Acquisition Metadata: Must include tilt angles, pixel size, defocus (if applicable), and microscope parameters
Fiducials: Gold fiducials (10-20 nm) are recommended for robust alignment unless using fiducial-less methods

ii. Microscope and Acquisition Parameters (in .mdoc file)
= Voltage (e.g., 300 kV)

= Spherical aberration (Cs, 2.7 for Krios)

= Detector type (e.g., K3, Falcon 4)

= Exposure time and dose per tilt (Exposure dose)

= Acquisition scheme (dose-symmetric, bidirectional, etc.)

= Number of frames per movie

= Tilt angle (~85°)

= Pixel size (A/pix2)

Accurate metadata is critical for CTF estimation, tilt alignment, and dose compensation steps, all these
informations are available in the .mdoc file.
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I Start Scipion

1 Go to Document and create a new folder with the name of your experiment, copy your

raw data inside (.mrc or .tiff/.eer AND .mdoc files).n the same folder, in which the movies
are, you need the .gain file of the day of data collection.

Start scipion3 in a terminal.

Create new project

2 Create new project and give the same name that your data folder

Projects (scipion3 on GREO70809) = [al
Configuration Help Others

f® SCIPION .- - s o

File

Create Project Import project Filter:
1h1s3700_cn02

Medified: 21 hours age Created: 28-06-2025
cordataz(zz
Modified: 22 hours

age Created: 28-08-2025

Create project

Spaces will ke replaced by underscores
Project. name [

Project. location

e st e

=]

On the left panel select the tomography tree for availability of adapted protocols
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Newproject_IBS (sclpion3 on GRE070809)

® SCIPION ... co-scs e

NewProject _TBS

o T &S

Workflow import and setup

3 Go to import workflow
Go to ScipionUserData/Worflows_template
Select the Workflow adapted to your project and data and import it

Select workFflow .json File

CRefr'esh @Home ﬁLaunch folder Bworkmg dir {}Up

Path [/home/gal let /Documents/Soipionlserlata2/Harkf low_tenplates,
- File =

Size | Time
‘ . 4 KE J0-0E—2025 11320
5 uorkflow_eer, json & KB OE-08-2024 0921
uor‘kFlow_mrc_hreTomo_Nar"p. RELl 2 KB F0-0E—2026 11322 B
[Dwerkflow_segnent_ser_kind_bind, json 10 kB

22-08-2024 0830

XK Cloze

NB: you can always start a blank workflow and add each step as a new protocol from
the list.
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Import data

4 What to do before: open a .mdoc file and identify the mandatory information: kV, Cs,
pixel size, movies frames, electron dose.

4.1  Inthe case of .mrc stack files
Protocol to use: tomo - import tilt-series

You have to specify:
» Folder with your data
= Pattern of the .mdoc file containing information of the data (* mdoc or Position*mdoc
or TS*.doc)
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Protocol Run: Protimpo

“ﬂ tomo - import tilt-series Finished (_'~-'90ite ®Help

Run name feomg — import bilt-series / Comment /

Run mods * Comtinue | Reztart ® Uze a3 gueus ekhgine? [ Yez (® Mo / @

Msit for | 1@

Expert Level =~ 01 & Advanced

o

EB@@@@@@_@@@ @006 06

Files directory [ recipion? Tocuments,/Cordat 22022/

Fattern e mios

-
TomoS mdoc? ves ¥ Mo

Excluzion words:

Acquizition walues provided below will override the corresponding mdoc walues

Hawe images been CTF corrected?

" Yes ¥ Mo
Have images been aligned? R
SR ee i e e | Copy files [ Abzolute symlink % Relatiwe symlink

rAcguisition info - owverride mdoc walues if provided-

Hicrozcope woltage (kWD '300‘0
Spherical aberration fmml ]
Amplitude Contrast i'i)'i

Hagnification rate !33000

Pixel size (zampling rate) Aspx '3‘7-69
Tilt axiz angle Cdeg,? ISE‘:?

Dose Celectronsssg.A) Initial dose [o,0 Dose per tilt image |2,23311

X close o - |
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Tilt series viewer

@tnod @sinipp | [Dsave @rietn

Filter

Tilt series | Order | Tilt anale] Excluded | Dose
16tac

Tiltseries

itens,

Ao
Aspo
Aspo
Ao
Avpo
Ao
Aspo
Aspo
Ao
Avpo
Ao
Aspo
Aspo
Avpo
Avpo
Ao
Ao
Aspo
Avpo
Aspo
Ao
Aspo
Aspo
Ao
Avpo
Ao
Aspo
Aspo
Ao
Avpo
Ao
Ao
Aspo

X close

Shifex

Shiety

® v~ B O X

Tilt series

4.2 In the case of individual tilt movies

Protocol to use: tomo - import tilt-series movies
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protocols.io |

Protocol Run: ProtimportTsMovies

“ﬂ tomo - import tilt-series movies finished  Drite (DHelp
Run name tomo — import tilt-series / Commett /
Run mode % Continue  Restart @ Uze a gueus engine? [ Yes (% Mo / @

Wait for | @

Expert Level g poenal 1 pckvanced

Import

Files directory | ecipion3/Alessio_test_tamo RAW_DATA_CHOZ,

Pattern s ition_x,mdoc

T~ =
TomoS mdoc? ves (% Mo

510
@
®

Acguisition walues provided below will override the corresponding mdoc walues
rhcguisition info - owverride mdoc walues if provided-
Microscope woltage (kMY 3 0‘0

Spherical aberration Cmml 2‘?

Amplitude Contraszt

jo.1
Pixel zize (sampling rate) Aspx =4

Tilt axis angle (deg,’ —83‘0

Dose (electrons sd.A? Initial doze 0,0 Dose per tilt image | ‘0

Gain image

SECECHECRCECNCN

[?home/soipion3 Alessio_test_tomo/20240807_163027_EER_GainReference.gain [

Tilt series viewer

| @Save ®He 1p

Filter|
[ Tilt series | Order | Tilt sngle| Excluded | Dose | Path [
B[ Jrame11a TiltSeriesM (51 items, 4096 x 4096 x 531, 3,75 A/po
| B[ ramet1at TiltSerissH (51 items, 4096 x 4096 x 35, 3,75 Alpo |
P [ Jrame11a TiltSeriesH (51 items, 4096 x 4096 x 531, 3,75 A/po
P amet1a TiltSerissH (51 items, 4096 x 4096 x 531, 3,75 Alpo
| B[ ramet1at TiltSeriesH (51 items, 4096 x 4096 x 531, 3,75 Alpo
Pl ame11ad TiltSeriesM (51 items, 4096 x 4096 x 531, 3,75 A/po
P amet1a TiltSerissH (51 items, 4096 x 4096 x 531, 3,75 Alpo
| B[ ramet1at TiltSerissH (51 items, 4096 x 4096 x 35, 3,75 Alpo
P Jrame11a TiltSeriesM (51 items, 4096 x 4096 x 35, 3,75 Alpo
P Jrame11a TiltSeriesM (51 items, 4096 x 4096 x 531, 3,75 A/po F.

x Cloze
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I Correct motion

5

In the case of .eer or .tiff movies of individual tilt, motion needs to be corrected using

motion correction.

Protocol to use: motioncorr - align tilt-series movies

Protocol Run: ProtTsMotionCorr

motioncorr - align tilt-zeries movies finished Dtite (DHelp
Run name motioncorr — align tilt—se / Commett /
Run mode % Continue  Restart @ Uze a gueus engine? [ Yes (% Ho / ®
Scipion threads 10 @ Wait for | @

GPU IDs [© @

Expert Level g yiaial 1 advariced

Irput || Hobioncor parans | Gain snd defects | EER | Hag, correstion |
Input
Input Tilt-Series (movies)

tomo — import tilt-series movies,outputTiltSeriesH Q @ @ @

rAligrment.- . -
Frames to ALIGH from |1 to |3

[ .
Use ALIGH frames range to SUMT o ves Mo

Split & sum odddeven framesT

@
®@
EBinning factor .2‘0 @
®

T Yes % Ho

X Closze

NB: In the case of using CryoCARE afterwards, it is mandatory to split odd/even frames!
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Protocol Run: ProtTsMotionCorr

motionzorr - align tilt-series mavies finished PCite (DHelp
Fun name motioncorr — align bilt-se f Comment f
Fun mode ¢ Contirme ( Restart @ Use a3 gueus engine? ( Yes % Mo f @
Farallel ‘Scipion threads |:L @ kait for ' @

ePU 1D [© @

Expert Level gy i1 advanced

_'[hput.l Hotioncor params | Ga__if‘f andd dléFec':ti_-:.] EER | Hag. correction

Humber of patches % 5 v 5 @
Patches overlap (&) 10 @
Group M frames global align '1 local align 4 @

x Close | %

Protocol Run: ProtTsMotionCorr

wot ioncore - align tilt-series movies finished Gpﬂite @Help
Run name motiohocort — align hilt-se / Comment /
Ruh mode ® Comtimue | Restart @ Use a gueus engine? [ Yes Mo f @
Farallel ‘Scipion threads |:L @ Hait for ' @

ePU 1D [© @

Expert Level gyomnal 1 Advariced

Input | Hotioncor params | Gain and defects ] EER | Mag. correction

Rotate gain reference:

!no rotation -| ®

e flig - @

Camera defects file

Flip gain referencel

Camer-a defects map |

x Cloze ‘ %
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Protocol Run: ProtTsMotionCorr

motioncort - align tilt-zeries movies finizhed 6701*:9 @Help
Run hate motioncorr — align tilt-se / Commetnt /
Run mode * Continue  Restart @ Use 3 gueus engine? (Yes (0 Mo f @
Farallel ‘Scipion threads |:L @ Mait for ' @

ePU TDs [ @

Expert Level g i1 7 gdvarced

Ihput.l t‘la_ti‘on.cqr‘-‘ﬁ)é,m“amsi ] Ga_lif'f and dléFec':t,i_-:.] EER | i’lag, correction |

These options are ighored for non—EER mowies,

EER fractiohation 1o - @

ot U2k 4w @

EER upsampling

X Close

Protocol Run: ProtTsMotionCorr

motioncore - align tilt-series movies Finished 6701'59 @Help
Run hame motioncorr — align hilb-=e / Comment /
Run mode * Combtinue | Restart @ Use a gqueus engine? [ Yes (# Ho / @
Parallel Scipion threads |:L @ Hait for ' @

eFU Ine 9 @

Expert Level o ormal ( pdvanced

Ihput] Hationcor parans ] Gaif snd d_éFec'tL—',.l EER | Hag, correction

Hag: o ion

Correct anisotropic magnification?

Wes (% Ho @

x Cloze | ?%
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Open the results:

Filber

IRot |

Shifts

I 8hifty

1 51 60,00

45 58,00
E 48 58,06
@ 45 —54,00
5 a4 -52,01
3 a1 -50,00
e 40 —a3, 00
8 37 4600
2 3 4oL
10

124,43
146,67

Tilt series OrdTilh anafExc! Dose | Fabh
< [hanel1a24a_t=_004 TiltSeries (51 items, 40095 x 4096, 3,75 Alpx), o

L8Run= 001445 ProtTsHotionCorr extraclane Lla24a_t:
28Runs 001445_ProtTsotionCorr extraclanel 1s24a_t:
FBRUN=(091445_ProtTstiatonCorr extraclansl1a24a_t:
4BRUN=-001445_ProtTsotionCorr extrarlael 1524a_t:
SERUN=001445_FratTeot ionCarr extrarl anel1324a_t:
6BRuURS 001445_PratTsHotionCorr axtradlanel 15243 t:
FORUNE /001 448_ProtTeHat LonCorr /extra/lanel 15245 t.
88Run= 091445 ProtTsHotionCorr extraclaneLls24a_t:
3ERuns 001445 ProtTsHotionCorr extraclanellazda_t:
100Runs 901445_ProtTsHobionCorr/extrad lanel 1a24a._
118RUN= 001445_Prot TsHotionCorr/extras lanel 13243
120RuNs001445_Prot TsHotionCorr/extras lanel 13243
L30RUNS001445_Frot TeHotionCorn/extras 1ane1 13243
140RURS/001445_ProtTeHotionCarr/extra/ lanel 15243
150Run=/001445_Prot TsHotionCarr extrar ] anel13243_
L60Runs 901445_ProtTsHotionCarr extradlanel La24a_
170Runs 901445_ProtTsHobionCorr extrar lanel 1a24a_
180RUNSC991445_ProtTsHobionCorr extrar lanel 1a24a_
190RUNs 001445_Prot TsHotionCorr/extrad lanel 13243
200Runs/001445_Frot TeHotionCorn/extras 1anel 13243
210RUR=/001445_ProtTeHotionCorr/axtra/ lane1 13243
220Runs/001445_ProtTeHotionCarn/extra/ lanel 13243
230Runs 901445_ProtTeHotionCarr extradlanel 1a24a_
240Runs 01445_ProtTeHotionCarr /extradlanel 1a24a_
260Runs 01445_ProtTsHobionCorr extrar lanel 1a24a_
26Runs 001445_Prot TsHotionCorr/extras lanel 13243
270RUNS 001445_Prot TsHotionCorr/extras 1 anel 13243
Z80RUNS/001445_Prot TeHotionCorn/extras 1anel 13243
290RUN=/001448_Prot TeHotonCarr Jextras | 113245
300RuNs/001445_ProtTsHotionborr/extra/lanel 15242
BRUN=/991445_PratTahotionborr/extra/l anel1a24:

X olese

I Align tilt series and evaluate the quality of the data

6 AreTomo, IMOD patch, IMOD fiducials
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Protocol Run: ProtAreTomoAlignRecon

aretomno - tilt-zerdies align and reconstruct finished G';Cite @Help
Run name  spetomo — tilt-zeries alig / Comment /
Run mode  Comtinue | Restart @ Use 3 gqueue engine? ( Yes (% Mo / @
Scipion threads 2 @ Wait for | ] @

Expert Lewel

Input ] Extra options |
Input

File with wolume height for alignment per tilt-series | B

GPU 1Ds |2 ©)

(" Normal (v pdvarnced

TSRt R RIS SRR tomo — import tilt-zeries,outputTiltSeriss Q @ @@

Skip aligrment?

fes  ® Mo

T
Reconstruct the tomograms? o ves N
Reconztruct the oddseven tomagrams? ( Yez (% ho

Einning a

Yolume height for alignment (womels) 5300

Tomogram thickness unbinned (woxels) 1200 ™

i i T -
Refine tilt angles? | eEre =

. . " o .
Befdhe bl i erenales |Refine amd use the refined walus for the w|

OO BB

Generate extira IMOD outpub? T

[Ho x|

Estimate the CTF? @ Yes | Ho

Do phaze shift estimabion? “Wes  (# Mo

x Closze

Fir
i

Select the imported data or the motion corrected data

Skip alignment: No
Reconstruct the tomogram: Yes
Reconstruct Odd/Even: No

NB: In the case of the use of CryoCARE later on, you need to always activate the
Odd/Even option, in all the steps.

Binning: 8

Volume height for alignment: try between 200 and 400

Tomogram thickness unbinned : 1200

Refine tilt angle: No

Refine tilt axis angle: Refine and use the refine value for the entire “stack”
Generate extra IMOD output: No

Estimate the CTF: Yes

Do phase shift estimation: No

Select “Extra Options” Tab:
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Protocol Run: ProtAreTomoAlignRecon

aretomna - tilt-zeries align and reconstruct finizhed CgCite ®He1p
Run name sretomo — tilt-series alig f Comment f
Run mode i Continue  Restart @ Use a gueus engine? | Yez (% Mo f @
Farallel ‘Scipion threads 16 (D) Wait for | @

GPU 1Ds |2 @

Expert Level gyanal  ddvariced

.'[hput—l Extra options |

| Extia options
Do dose—weighting? i+ Yes ¢ Ho

Reconstruction method SART O WEF

SART options iterations 10 projections per subset '5
Flip intensity?

i - 5
Flip volume? . ves T Ha

rLocal motion correction:

Fatches b v |5
Dark tolerance

0.7

Additional parameters

@
@
@
Sample LYPS LSTT distrihuted @
@
@

[Tiltcar 1

x Close

Select the SIRT method to have more contrast

= You can add the Patch tracking by selecting the option :
= Local motion correction - Well distributed 5 5

= Additional parameter: TiltCor 1

Check the result: (open output: Tomograms)
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Filter| Display kinning[l
Tomograns | Info |
lamellaZZa_ts_012 Tomogram (512 x B12 x 100, 29,92 A/pu
lamellaZ2a_ts_ 003 Tomogram (512 x 512 = 100, 29,98 A/px)
lamella22a_ts_007 Tomogram (512 x 512 = 100, 29,98 A/px)
lamellaZ2a_ts_0d11 Tomogram (512 x B12 x 100, 29,92 A/pu)
lamellaZ8a_ts_o0d Tomogram (512 x §12 x 100, 29,98 Ajp0
lamellaZla_ta_008 Tomogram (512 x B12 x 100, 29,92 A pa
lamellalSa_ts_00Z Tomogran (512 ¥ 512 x 100, 23,93 &/ po =
lamellal?a_ts_o02 Tomogram (512 x 512 = 100, 29,98 A/px)
lamellaZda_ts_ 005 Tomogram (512 x B12 x 100, 29,92 A/pu)
lamellaZ4a_ts_003 Tomogram (512 x 512 = 100, 29,98 A/px)
lamellaZla_t=_o0d4 Tomogram (512 x B12 x 100, 29,92 A pa
lamellaZ2a_t=_013 Tomogram (512 x 512 = 100, 29,98 A/px)
lamellazZa_ts_o06 Tomogram (512 x §12 x 100, 29,98 Ajp0
lamellaZ2a_ts_010 Tomogram (512 x B12 x 100, 29,92 A/ pu)
lamellaZ2a_ts_o08 Tomogram (512 x 512 = 100, 29,98 A/px)
lamella22a_ts_oo1 Tomogram (512 x 512 = 100, 29,98 A/px)
lamella32_ts_o0d4 Tomogram (512 x B12 x 100, 29,92 A/pu) :3
x ‘Close -

Open each, one by one, by double clicking on it: (you may need to transfer the files
locally).

3dmod ZaP Window: lamella24a_ts_004.mrc

3dmod: lamella22a

File Edit Image Special Help

ﬁ];’ )| (| [V Show
X{1 = /512
Y1 =1/512
Z|98 =1/100

Black - 76

White - f—— 160

[¥ Float v Subarea  Auto

Image size 512 x 512, 100 sections.
3dmod 5.2.1 Copyright 1994-2025
Regents of the Univ. of Colo.

|»

L

Check the tomogram and if the alignment is good, keep those parameters, otherwise
restart this step trying to optimize it: increase/decrease the volume for alignment, use
Patch (Local motion correction),...
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I Estimate CTF

7 Plug-in to use: cistem - tilt-series ctffind

Protocol Run: CistemProtTsCtffind

-
C“""’, SE E M cisten - tilt-seriss ctffind launched  Peite  @DHelp

Run name cistem — tilt-series ctff: / Comment /

Run mode % Continue  Restart @ Uze a gueus engine? | Yes # Ho / @

Threads & | @ Wait for | T ®

Expert Level g poenal 1 pckvanced

Input ] Phaze ShiFt] Tomo:.l

| Thput
Tilb sories tomo = import tilt-series,outputTiltSeries Q @ @
FFT box size Cpmxd :522 o ®
“Search limits— — B il
Resolution (A) Hin (30,0 Hax [10,0 @
Defocus search range (A? Hin 55000‘0 Mas !.50000‘0 ®
Defocus step (A2 i_500‘0 ] ®

X Cloze

Open result with CTFEstimationTomoViewer:

Fittar| Lenerate subsets Drieln

Tilt Geries aci Grer [ Tilt qni;e £ 1uded [[efoousl (efocust (5 ﬂsuimausm @) [Resolition i ot el I ST
1w 60,90 %037 8306 730 1.5 2,029 —— DefocusV (A)
2w 58,00 7829 36647 us2 5.6 0.033 lamella24a ts 004 —— Resolution (A)
3 43 ~56.,00 37685 37042 642 17,0 0,034 — 30
P 54,00 s dmes: 2106 10.8 0.03
5 2.0t soss e 1550 151 0.0
5w 50,00 s et 70 153 0,00
e .0t swos s 7 100 o002 o) 2
s @ .01 ser o 1307 126 0,085
I —an.0t EC e 127 o087
0 @ 2.0t awes amor e 129 0.0
u o= 40,01 s e e 104 o002
P e wmom o are 123 o051 20
P .01 s e a6 1 0.0 36000
“ oo 4.0t EP a0 1.4 600
5o 2.0t wter e 103 10,8 0,057 =
6 o= 0,01 E 50 o 0.0 2 i
v o= 2.0t awos  awes 22 0.0 0,060 8
w o 26,01 e a0 0.8 0.061 2
P 2400 sz ames s o 0,063 34000
B ezt T 144 o 0,063
a 20,01 ET ] 204 o 6,063 10
22 9 -18,01 33726 33382 343 8.6 0,063 B
= e —t6.01 s s ” 0. 0,063
2 s a0t EE 27 0.4 0,069
R 12,01 E R a2 a4 o067 32000
26 1 -10,00 38339 35136 203 2.4 0,075 8
E a0t e e 0.0 0,074
= 3 5.0 E @ 0.4 6,004
= s .00 s ame e 0. o061
30 7 ~2.00 33737 33575 162 2.8 0,056 o
£ 10 0,01 33998 33326 671 10,5 0,082 —60 —40 —20 0 20 40
E 1,99 34048 32974 1074 10,0 0.089 Tilt angle (deg)
= s 399 sz e a2 1.6 0.0 :

Xleien
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You can remove the bad tilt-series, or at least the bad images

Dose weighting

8

Protocol to use: Imod - Dose filtering

Protocol Run: ProtimodDoseFilter

IMOD imod - Dose filter finished  Foite @heln
Run name imod — Dose filter / Comment /
Run mode % Contimue ( Restart @ Use a gueus engine? ( Tes (¥ Ho f @
Farallel Scipion threads |4 ] @ Wait for | ) @

Expert Lewel o poii01 7 Advanced

Input |

Talk Series aretomo — tilt—series align and reconstruct,TiltSeries Q ﬁ @@
Input dose source |Seipion import | @
Apply to oddleven o - @
# Yez | Ho
x Close ?% =

If the dose was correctly set in the import step you can select the Scipion import as
Input dose source. Otherwise you can set the dose as fixed and enter the dose for

each image (tilt) in electron / angstrom?.

In the case of reconstructing the even and odd tomograms (for the use of CryoCARE

denoising) you can apply this dose filtering to the halves, or not.

I Tomogram reconstruction

9

9.1

Alignement

Binning 2, 4, 8 and purpose
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Protocol Run: ProtimodApplyTransformationMatrix

IMOD imod - Foply transformation finished @Cite (@Help
Run name jmod — Apply transformatic / Comment /
Run modse % Conmtinue ( Restart ® Use a queus engine? [ Yes (* Ho / @
Farallel Scipion threads |6_ ] @ Wait for | | @

Expert Level o jiemal 1 Advanced

Irput ]
Tilt-zeries to apply the transformation matrix Q -@- @
Einning for the interpolated Ir4 - ®
Apply to odddeven L EE ®

x Close

The recommendations for the binning are the following:

= Start with Binning 8 because it's faster, give more contrast, is useful for quality check
of the data and the alignments/reconstructions parameters

= Then do Binning 4 and Binning 2 (and Bin1 for highest resolution reconstruction)

= Bin 4 for denoising and segmentation of membranes, for morphological studies

= Bin 2 for high resolution interpretation of the data, particle picking and STA (Sub-
Tomogram Averaging)
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avl 1o nmpll@bdloe Ar—F— 511 =

Bin8 Bin2

IR T

Bin4 (WBP) Bin4 (SART)
Binning effects on reconstruction contrast and resolution

Binning effects on reconstruction contrast and resolution

9.2  Reconstruction

protocols.io | https://dx.doi.org/10.17504/protocols.io.36wggpo45vk5/vi January 5, 2026 22/32



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.36wgqpo45vk5/v1

€3} protocols.io Partof SPRINGERNATURE

Protocol Run: ProtimodTomoReconstruction

I M 0 D imod - Tomo reconstruction fatled  @Drite (DHelp
Fun name jpod - Tomo reconstruckion / Comment /
Run mode * Continue  Restart @ Use a gueus engine? ( Yes * Ho / @
Farallel Scipion threads |1 | @ Wait for | ) @

GPU IDs  es ( Mo (%1 @

Expert Level oyornal 7 advanced

ITrnput ]
Tilt Series Q ﬁ @
Tomogram thickhess (womels) 52-00 - @
Apply to odddewven e St @
X oo | @ |

Plung-in: mod - Tomo reconstruction

I Denoising

10 We propose three different ways for denoising: CryoCARE, Warp and tomo3D.
1) CryoCARE is a training-based approach, it is very long for the training but the result is
of very high quality.
2) Warp is a CTF based filtering approach that is very fast and gives very good results
3) tomo3D is more a filtering method that can use either Anisotropic Nonlinear Diffusion
(EED method) or TomoBFlow, a nonlinear filtering method, it is also a fast method for
denoising.

10.1 To be able to use CryoCARE you need to have even and odd reconstructions of your
tomograms. This is done at the “motion correction” step level and is also in option in all
the subsequent steps by always selecting “Apply to odd/even”.

1- Training:
Protocol to use: cryocare - CryoCARE training
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Protocol Run: ProtCryoCARETraining

@/, cryocare - CruyoCARE Training finizhed é'Cite ®He1p
Run mname gryogare — CryoCARE Train: / Commetrt. /
Run mode * Continue | Restart @ Use a gueus engine? [ Yes (# No / @
FGPU IDs (-1 ©) Wait for | @)

Expert. Level = jiimal & advariced

Ihput | Config Parameters | Training F'Jar‘ameter_‘s_.] U-Het. Parameters |
f It
Are odd-ewven associated to the Tomograms?  # Yes Ho

Temograns imod — Tomo reconshtruction Ccopy 2k, Tomograms Q ‘@’ [®)]

x Close

?g\é Sae Execute

2- Predicition:
In case you want to denoise a full set of tomograms from a single data collection

session, you can train the CryoCARE NN with one representative tomogram and then
use the trained NN to predict all the other tomograms.
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Protocol Run: ProtCryoCAREPrediction

@ cruocare - CruoDARE Prediction finished  Foite  DHelp
Run name cryocare — QrgoQﬁRE Predic / Comment /
Run mode * Contirue | Restart ® Use a gueus enginet? | Yes % Ho / ®
FGPU IDs ¥ (@) Wait for | (@)

Brpert Level 5 poarma1  advanced

Input

Are odd-even associated to the TomogramsT ":Yes lﬁNo

TomegraNE s ~ Toms reconstruction tcopy 23, Tomegrane O [ @

OryobARE Hodel o noare — CryoCARE Training {copy’.nodel QuMe®

Mumber of tiles 14 e @

3- Results:

Result: Before After denoising

3dmod ZaP Window: lamellazaa_ts_004.mrc ]

A v[03333 eonxeos MmO L 19 N2z - ———] 201 1|Help|

3dmod ZaP Window: lamella24a_ts_004_mrc

A v[03333 eosx6o7FMO L IR N2 - ——1 200 1 ""Zl

CryoCARE denoising

10.2  Wwarp
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Protocol to use : warp - deconvolve tomograms

Input: the reconstructed tomogram in Bin4 (or Bin8)
CTF tomo series: the CTF estimation from AreTomo or gctf

Protocol Run: ProtWarpDeconvTomo

w warp - deconvalve tonograns tinished  Dcite DHetp

Run name yarp — decomvolve tomograr / Camment: /
Run mode % Continue  Restart ® Use a gueus engine? | Tes * Ho / ®

warp compute Threads & ® Hait for | ®
GPU IDs (" ves @ ho 2 Q)]

Expert Level -W'Héj'_‘m:a_l s

Input.

Input £OmOSPaNs obome — bilb-series align and rescnstrict toopyd,Tomegrams O [i] @

CTF toma series aretomo — tilt—zeries aligrn and reconstruct ,CTFTomoSeries Q E ()] @

X ciose || 18 s |
Plug-in: warp - deconvolve tomogram
Results:
Result: Before After denoising

3dmod ZaP Window: lamella24a_ts_004.mrc

A v[03333 eoxeos PmO L 1P Az - —— 201" 1|welp]

3dmod ZaP Window: lamella24a_ts_004_deconv.mre

A v[03333 eoexeo7 MO 1L 1P N2 _——— 200 |ue|d

Warp denoising
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10.3 Protocol to use: tomo3d - denoise tomogram

Protocol Run: ProtTomo3dProtDenoiseTomogram

tome3d - denoize tomogran finished @Cite @Heln
Run hame tomoZd - denoize tomogram / Camment /
Run mode ® Continue | Restart @ Uze a gueue engine? [ Yes * Ho / @
Farallel Threads ‘8 i @ Hait for ' @

Expert. Level @ yornal 7 Advanced

Input |

fet Of Tomagramns imod — Tomo reconstruction, Tomograms Q m @ ®
Denoising method T 5 I
£ [Edas Enhancing Diffusion ¢EED: x| @
Sigma Gaussian Filter 'E)+5— @
Humber of Iterations o i @
x Close fﬁ

If you want to explore the best settings you can play either with the Denoising method or

with the parameters.

Results:

protocols.io | https://dx.doi.org/10.17504/protocols.io.36wgqpo45vk5/v] January 5, 2026

27/32


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.36wgqpo45vk5/v1

€3 protocols.io Part of SPRINGERNATURE

Results  Before After denoising (1,100) After denoising (0.5,70)

tomo3d denoising

Segmentation

11 Membrain-seg
Protocol to use : membrain - tomogram membrane segmentation

Membrain is an automated method to segment membranes in denoised cryo-tomograms.
It uses a neural network that has been trained on Chlamydomonas data mainly. The
result will be a .mrc file with the segmented membranes, it can be grey scaled according
to connected components

"Input" tab:

Select the data: denoised tomograms (provide denoised tomograms as input in the Input
tab of the ProtMemBrainSeg protocol).
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Protocol Run: ProtMemBrainSeg = 1
- T
%% nenbrain - tomogran menbrane segmentation Finished  @Pcite Dhsalp
Run name membrain — tomogram membr: / Comment /
Run mode * Contimue ( Restart @ Use a gueus engine? ( Yes (* Ho / @
Threads [ @ Wait for [679 S ®

gru D5 1@ ®

Expert. Level = yiina1 @ ddvanced

Input ] Connected components analysis | Test—time augmentation _(_T'mi ]
Input

[nput tomagrans aretome — Lilt-series align and reconstruct dcopy!.Tomograms Q @ @

[o,0 j @

Sliding window size ;160 " @

Threshold for segnentation

Additional opkions | - @

x Close | Z@ =

“"Connected components analysis” tab:
You can either choose to label connected component, or not, depending on the
software you will use in a second step.

Protocol Run: ProtMemBrainSeg - o X
- J ¥
%% mnenbrain - tomogran nenbrane segmentation finished (Peite (Drelp
Run name mamprain — tomogran membr: f Commetnt f
Run mode % Contimue ( Restart @ Use 5 gueus engine? ( Yes @ Ho / @
Threads [£ @) Wsit for [673 S ®

gru D5 [0 ®

Expart Level = yiinal & advanced

Input | Connected components analysis | Test-tine augmertation _(_T'I"nj

nents analysis

Label connected componentsT

Threshold for connected components I

B : @

X Cloze | ?@ =
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Protocol Run: ProtMemBrainSeg

- JT
ﬂ’; E % menbrain - tomogran nembrane segmentation saved 6'-791'59 @HEIP
pengsa]
Fun name membrain — tomogram membr: f Comment /
Uze a3 gueus engine? | Yes Mo / @

Threads [16 (@) Wait for | T ®
cRU IDs 19 ®

Expert Level o vn-1 ™ povanced

Iﬁpqgl Conmected comporents analysis |Test—time augmentation (TTAX

Test-time augmentation (TTAX

Do test-time augmentation?

® ez [ Ho @
T¥es % Ha @

Output probability maps?

x Close

E Save |

"Test-time augmentation” tab: always “Yes”

Open the result to check, with 3dmod or with chimera (as volume)
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Results: Before Membrain Membrain (connected)

Results of the segmentation

I Downstream processes

12 Particle picking

13  Sub-Tomogram Averaging

Protocol references

https://scipion-em.github.io/docs/release-3.0.0/docs/user/tutorials/tomo/tomography-intro.html#tomography-
intro

https://www.sciencedirect.com/science/article/pii/S1047847722000429?via%3Dihub
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