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The Electron Microscopy Data Bank - EMDB

• Established in 2002 at EMBL-EBI
• wwPDB Partner
• Electron microscopy volume maps and 

Tomograms
• All data is freely and openly available under 

a CC0 license

EMDB: emdb-empiar.org
EMPIAR: empiar.org

EMD-0698EMD-15182



EMDB - Methodologies
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Electron Microscopy Public Image Archive - EMPIAR

• Raw imaging data used to produce maps 
found in the EMDB

• Volume EM techniques and X-ray 
tomography and microscopy

• All data is freely and openly available under 
a CC0 license

EMDB: emdb-empiar.org
EMPIAR: empiar.org

EMPIAR-10310EMPIAR-11278/EMD-14167



EMPIAR & EMDB – Data Re-use – Machine Learning
• DeepEMhancer: Sanchez-Garcia, R., Gomez-Blanco, J., Cuervo, A. et al. DeepEMhancer: a deep learning solution for cryo-

EM volume post-processing. Commun Biol 4, 874 (2021). https://doi.org/10.1038/s42003-021-02399-1

• Deep Consensus: Sanchez-Garcia, R., Segura, J., Maluenda, D., Carazo, J. M. & Sorzano, C. O. S. (2018). IUCrJ 5, 854-865.

• DRPnet: Nguyen, N.P., Ersoy, I., Gotberg, J. et al. DRPnet: automated particle picking in cryo-electron micrographs using 
deep regression. BMC Bioinformatics 22, 55 (2021). https://doi.org/10.1186/s12859-020-03948-x

• crYOLO: Wagner, T., Merino, F., Stabrin, M. et al. SPHIRE-crYOLO is a fast and accurate fully automated particle picker for 
cryo-EM. Commun Biol 2, 218 (2019). https://doi.org/10.1038/s42003-019-0437-z

• WARP: Tegunov, D., Cramer, P. Real-time cryo-electron microscopy data preprocessing with Warp. Nat Methods 16, 1146–
1152 (2019). https://doi.org/10.1038/s41592-019-0580-y

• M: Tegunov, D., Xue, L., Dienemann, C. et al. Multi-particle cryo-EM refinement with M visualizes ribosome-antibiotic complex 
at 3.5 Å in cells. Nat Methods 18, 186–193 (2021). https://doi.org/10.1038/s41592-020-01054-7



EMPIAR & EMDB – Data Re-use
• Relion 4: Dari Kimanius, Liyi Dong, Grigory Sharov, Takanori Nakane, Sjors H. W. Scheres; New tools for automated cryo-EM 

single-particle analysis in RELION-4.0. Biochem J 22 December 2021; 478 (24): 4169–4185. 
doi: https://doi.org/10.1042/BCJ20210708

• Relion with DeepEMhancer and SIDESPLITTER: Ramirez-Aportela, E., Carazo, J. M. & Sorzano, C. O. S. (2022). 
IUCrJ 9, 632-638. https://doi.org/10.1107/S2052252522006959

• CISTEM: Timothy Grant, Alexis Rohou, Nikolaus Grigorieff (2018) cisTEM, user-friendly software for single-particle image 
processing eLife 7:e35383 https://doi.org/10.7554/eLife.35383

• Cryoem-cloud-tools: Cianfrocco MA, Lahiri I, DiMaio F, Leschziner AE. cryoem-cloud-tools: A software platform to deploy 
and manage cryo-EM jobs in the cloud. J Struct Biol. 2018 Sep;203(3):230-235. doi: 10.1016/j.jsb.2018.05.014. Epub 2018 Jun 1. 
PMID: 29864529; PMCID: PMC6091888.

• cryoSPARC: Punjani, A., Rubinstein, J., Fleet, D. et al. cryoSPARC: algorithms for rapid unsupervised cryo-EM structure 
determination. Nat Methods 14, 290–296 (2017). https://doi.org/10.1038/nmeth.4169



Protein Data Bank - PDB

• Archiving Coordinate models from EM, X-ray 
and NMR

• All data is freely and openly available under 
a CC0 license

~14,000 entries

www.ebi.ac.uk/pdbe/ - www.rcsb.org - www.pdbj.org

6HJQ 7Z4B



EMDB, EMPIAR & PDB Summary

• Archive the full electron microscopy (EM) 
processing workflow

• EMPIAR – Supporting development of 
software and scientists

• EMDB – Refined EM structures and 
tomograms

• PDB - Coordinate models from X-ray, EM 
and NMR

Image credit: Nature 561, 565-567 (2018)



Introduction to EMDB Website 
and Validation



The EMDB website – Homepage

https://www.ebi.ac.uk/emdb/



The EMDB website – Statistics

https://www.ebi.ac.uk/emdb/

EMDB: ebi.ac.uk/emdb/



The EMDB website – Chart Builder

https://www.ebi.ac.uk/emdb/statistics/builder



The EMDB website – Basic and Advanced Search

https://www.ebi.ac.uk/emdb/



The EMDB website – Filtering & Statistics

https://www.ebi.ac.uk/emdb/

Edit and save 
complex search 
queries

Extensive list of 
filtering options

Interactive graph 
that can be used to 
filter results



EMDB Validation



EMDB Validation

ebi.ac.uk/emdb/va/



EMDB Validation



EMDB Validation



EMDB Validation
Qualitative

EMD-11145

Quantitative



EMDB Validation - Tomography
Qualitative

EMD-15449

Quantitative



EMDB Validation – Full List
• EM Map view

• Orthogonal projections x 7
• Central Slices
• Largest variance slices
• Orthogonal surface views
• EM map with masks

• Volume Graphs
• Voxel-value distribution
• Volume estimate
• RAPs
• FSC

• Fitted Model Analysis
• Primary map with model
• Atom inclusion
• Map-model FSC
• Q-score



Deposition



Onedep – A unified deposition system for EM, X-ray and NMR



EMDB Deposition - Types
Map Only Model Only Map + Model

All Methodologies All methodologies 
except Tomography

All methodologies 
except Tomography

Must have associated map!

EMD-16202

EMD-29854

7X93

7YK8

EMD-29837

EMD-14492



EMDB Deposition – Brain Page



EMDB Deposition - ORCID Login



EMDB Deposition – File Upload Page



EMDB Deposition – Deposition Interface



EMDB Deposition – Tips & Tricks
• mmCIF is a metadata file!
• The provided sequence should be the full sequence in the sample, 

including any unmodeled regions.
• Half-maps must be unmasked, unfiltered and unsharpened raw maps.
• Defocus values must be in nm and positive values refer to defocus.
• Maps and models should all be present in the same coordinate space and 

overlay correctly.
• When depositing volume EM data make use of EMPIAR



EMPIAR Deposition



EMPIAR Deposition Step-By-Step
1. Register as a new user on EMPIAR’s deposition system

2. Sign-in & Create a New Deposition

3. Complete the Deposition Overview Page

4. Granting rights or transferring ownership of an entry

5. Main EMPIAR Data Upload page
a. Globus
b. Aspera Command Line
c. Aspera Web Interface

6. Complete the Associate image sets with the data page & Submit



EMPIAR Deposition Policies
• EMPIAR is relatively unstructured compared to EMDB 

• Polices pages should be visited to understand accepted file types

• Supported Methods (more info on the policies pages):
i. EMDB - raw image data relating to structures deposited to the EMDB

ii. SBF-SEM - image data collected using serial block-face scanning electron microscopy (like the Gatan 3View system)

iii. SXT - image data collected using soft x-ray tomography

iv. FIB SEM - image data collected using focused ion beam scanning electron microscopy

v. IHM - integrative hybrid modelling data

vi. CLEM - correlative light-electron microscopy

vii. CLXM - correlative light X-ray microscopy

viii. MicroED - microcrystal electron diffraction

ix. ATUM-SEM - Automated Tape-collecting Ultramicrotome Scanning Electron Microscopy

x. Hard X-ray/X-ray microCT - Hard X-ray/X-ray micro-computed tomography

xi. ssET - serial section electron tomography

https://www.ebi.ac.uk/empiar/policies/



EMPIAR Deposition Setup

https://www.ebi.ac.uk/empiar/deposition/choose-action/



EMPIAR Deposition Overview Page

Deposition manual 
available if you get 

stuck

Grey = Optional
Orange = Mandatory
(N/A is clickable for 

optional fields)

Citation can be pulled 
from DOI or PubMed ID

https://www.ebi.ac.uk/empiar/deposition/



EMPIAR Deposition - File Upload

• Aspera
• Globus
• FTP (Not recommended)



EMPIAR Deposition - Overview
1. Gather Information 

• EMPIAR accepts various types of data, including multi-frame micrographs, frame-averaged 
micrographs, particle stacks and tilt series, as well as auxiliary files (e.g. particle selection 
coordinates)

o Make a note of dataset details (e.g. # of images (or tilt-series), raw or processed, 
single or multi-frame, image format and dimensions, pixel spacing and type)

2. Organise your Data!
• Each data-type must be located in a separate directory (e.g. one for micrographs and one for 

particle stacks) and please sub-divide directories possessing more than 10,000 files
3. Setup Data Transfer Programs

• Aspera (http://asperasoft.com) and Globus (https://www.globus.org) efficiently and robustly 
transfer large data volumes (empiar.org/faq)

4. Deposit your Data and Metadata (empiar.org/deposition)



Questions!
EMDB Website EMDB Chart Builder Feedback

https://www.ebi.ac.uk/emdb/ https://www.ebi.ac.uk/emdb
/statistics/builder


