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Plan

• Introduction to EM, EMDB and EMPIAR

• Trends in the field

• Overview of web resources for searching, visualisation and 

validation

• Planned initatives and developments



Nature Methods – Method of the Year 2015

The end of 'blob-ology': single-particle cryo-electron microscopy (cryo-EM) is 

now being used to solve macromolecular structures at high resolution.

Zika virus at 3.8Å – EMD-8116

Scientists revealed a molecular map of the Zika virus, which could help 

scientists develop new treatments for the disease (Daily Mail; July 2016)

MRC May 2016 - Researchers at the MRC Laboratory of Molecular Biology in 

partnership with US high-performance microscopes company FEI, five 

pharmaceutical companies (Astex Pharmaceuticals, AstraZeneca, 

GlaxoSmithKline, Heptares Therapeutics and UCB) and the University of 

Cambridge’s Nanoscience Centre have formed the Cambridge 

Pharmaceutical Cryo-EM Consortium to assist early-stage drug discovery 

research

2017 Nobel Prize in Chemistry  - Jacques Dubochet, Joachim Frank, 

Richard Henderson

for developing cryo-electron microscopy for the high-resolution structure 

determination of biomolecules in solution

http://www.dailymail.co.uk/health/article-3669520/Could-harmless-bacteria-key-stopping-Zika-Infecting-insects-microbes-stops-transmitting-virus-humans.html#ixzz4VXCjiApZ
https://www.mrc.ac.uk/news/browse/pioneering-lmb-research-behind-new-cryo-em-consortium/


Single particle cryo electron microscopy



Major advances – direct electron detector
• Gatan K2, FEI Falcon II



Major advances – 3D classification
• Samples are rarely 

completely structurally 

homogeneous

• Use 3D classification 

techniques, e.g., in Relion

to split original dataset into 

smaller, more 

homogeneous datasets

• E.g.: Structural basis for 

stop codon recognition 

in eukaryotes, Alan 

Brown, Sichen Shao, 

Jason Murray, Ramanujan

S. Hegde & V. 

Ramakrishnan Nature 524, 

493–496 

doi:10.1038/nature14896 

http://www.nature.com/nature/journal/v524/n7566/full/nature14896.html


Major advances – improved microscopy

• FEI Titan Krios



Electron tomography
• Examine molecular assemblies in the cellular context

• 3D reconstructions of unique samples

http://dx.doi.org/10.1016/j.aanat.2009.04.003



3D segmentation



Sub-tomogram averaging
• averaging of similar structure yields improved resolution

10.1016/j.sbi.2013.02.003; 

10.1126/science.aaf9620



The cellular context
• Placing sub-tomogram averages back into original positions provides 

additional information about organization and interactions in the cellular 

environment

10.1073/pnas.1204593109



Cellular Structure and 3D Bioimaging Team

• Maintain and manage 

archives

• EMDB for 3DEM 

reconstructions

• EMPIAR for 3DEM raw 

data

• Develop and maintain 

web-services – searching, 

visualisation and validation

• Facilitate community-wide 

initiatives

• Key themes – integration 

(with other bioinformatics 

resources and imaging 

scales), validation, data-

mining



Data: What data is found where...
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Comparison of archives

PDB EMDB EMPIAR

Inception 1971 2002 2014

Number of 

entries

133589 (2297 EM) 5163 (1068 in 

2016)

84

Archive size 1 GB 489 GB 48 TB

Mandatory 

deposition

Coordinates (1989)

Structure factors 

(2008)

Single particle 

and sub-

tomogram 

averaged 

structures (2012)

Representative 

tomogram 

strongly 

recommended

-



EMDB Deposition Discussion at 3DEM GRC 2017

• Following changes were voted on with overwhelming 

majority (few abstentions and none against)

• For all tomography-based studies, the deposition of 

representative tomographic reconstructions should be made 

mandatory. All tomographic reconstructions that are depicted in 

published figures (as orthoslices, renderings or similar), should 

be deposited

• The deposition of un-modified half-maps should be mandatory 

in cases where half-maps have been used to assess resolution



EMDB trends: released entries

emdb-empiar.org/emstats
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EMDB trends: EM sub-methods

• ~20% from tomography in 2016
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EMDB trends: resolution

• Strong growth of better than 4Å structures
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EMDB trends: resolution of single-particle 

entries



EMDB trends: direct electron detectors



EMDB trends: geographic spread
• Analysis of author affiliations of EMDB-associated publications

• USA, Germany, UK continue to lead

• Strong growth in China

• Many more countries up and coming

• Patwardhan A., Trends in the Electron Microscopy Data Bank (EMDB), Acta

D 73(6), 503-508



Raw image data archive for EM

• Started in 2014 – strong community support

• Control growth by requiring deposition of 3D to EMDB

• Usage: validation, development, testing, teaching and…

• Safe storage of your data!

• Was source for data in EMDatabank Map Validation Challenge

• Multi-frame micrographs, averaged micrographs, particle-stacks, tilt 

series

• Uses Aspera, Globus, ftp, http for data transfers



EMPIAR metrics
• Number of entries: 84 (~50TB; average size ~ 600GB)

• 12 datasets greater than 1 TB; one 10TB+ dataset 

• Transfer speed: uploads 1-2 TB/24h (Europe, US, Australia)

• “empiar” cited 50+ times in full-text open-access papers

• Nature Methods publication (Iudin et al., 2016)
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Searching EMDB

emdb-empiar.org

Quick accessLatest entries

Form search/browse



EMStats – EMDB statistics
• Dynamically generated charts based on the current state of the archive

emdb-empiar.org/emstats



EMStats – map downloads

• Downloads stats for the past two years

RNA polymerase 

II-Paf1C-TFIIS 

(5.5A)

mTMEM16A ion 

channel

(6.6A)Zika virus

(3.8A)

beta-galactosidase

(2.2A)



EMDB entry pages
• Displays summary info about entry

• Download header file (extensive meta-data), map, FSC etc

• Visual analysis pages and visualisation options

emdb-empiar.org/emd-2852



Volume slicer

• Orthogonal 

slices in three 

directions

• Interactive 3D 

navigation

emdb-empiar.org/emd-2852/browse



Visual analysis

• Basic sanity checking info

• FSC curves shown if 

available

emdb-empiar.org/emd-2852/analysis



Visual analysis: images

• Surface rendering shows that contour level is too low

Contour level defines 
the mask!!



Stand-alone validation servers

• Convenience

• Promote use and reporting

• Work with software developers to develop standards for 

capturing validation data



Fourier shell correlation (FSC) server

• User uploads two maps -> server calculates FSC curve

• FSC curve can be deposited to EMDB

• Automated calculation of thresholds

• Bsoft, Relion and EMAN2 generate FSC curves that can be deposited 

emdb-empiar.org/fsc



EMDB API

• Programmatically access EMDB meta-data 

• e.g., ebi.ac.uk/pdbe/api/emdb/entry/all/EMD-6007



EMPIAR website - empiar.org
• Search, browse EMPIAR entries and download and deposit data



EMPIAR entry pages
• Browse more info on entry

• View thumbnail images before downloading

• Select images to download

empiar.org/empiar-10030



Planned developments



EM validation reports

• In production: mainly info relating to EM models

• Validation report for PDB EM models calculated and 

available from ftp sites

pdbe.org/5ire



Expert workshop on “Data-Management Challenges in

3D Electron Microscopy”

• Recommendations:

• Work with tomography community to encourage deposition

• Set up an archive for raw image data

• Develop and promote standardisation of file formats to capture richer 

content

• Promote and encourage good practices w.r.t validation by providing 

web-based validation services

• Patwardhan, A. et al. Nat Struct Mol Biol 19, 1203-1207 (2012).

Hinxton Hall, 5-6 December 2011 



Expert workshop on ““A 3D Cellular Context for the 

Macromolecular World”

• Meeting report: Patwardhan, A. et al. Nat Struct Mol Biol 21, 841-845 (2014).

• Recommendations:

• Set up archiving for 3DSEM and SXT

• Capture correlative LM in public archive(s)

• Biologically-annotated segmentations are essential for integrating 

cellular imaging data with other biological (structure) resources

• Integrated multi-scale viewers will be important for making molecular 

and cellular data accessible to a wider audience

• Set up archiving facility for movies

Madingley Hall, 3-4 December 2012



Project: Integrating 3D biological data on 

scales from molecules to cells
• MRC/BBSRC funded for 36 months from October 2014 

for 2 FTE

• Aims

• Build pilot image archive for image data related to EMDB 

structures (EMPIAR)

• Build a web-based volume browser for integrated web-

based visualisation of cellular and molecular data

• Build a segmentation annotation tool – tool to facilitate the 

addition of biological annotations to segmentations



Volume browser – the idea

• Integrated visualisation of structural data

• Spanning scales from cells to molecules



Volume browser – the reality (almost there!)



EMDB-SFF (Segmentation File Format)

• Expert workshop on “3D segmentations and 

transformations - building bridges between cellular 

and molecular structural biology”, Dec 2015

• Patwardhan et al., Cutting Edge: Building 

bridges between cellular and molecular 

structural biology”, eLife 2017;6:e25835 doi: 

10.7554/eLife.25835

• Working group to advise on development

• EMDB-SFF supports structured biological annotation 

linking segments to ontologies and other 

bioinformatics resources

• Implementations in XML, HDF5 and JSON

• Also capable of supporting transforms between 

subtomogram averages and tomograms

https://doi.org/10.7554/eLife.25835


EMDB-SFFTK (toolkit)

• Available from CCP-EM SVN: http://bit.ly/2oQnvxd

• Contains code for manipulating EMDB-SFF

• Translators support external formats

• IMOD

• Segger

• Amira (AmiraMesh and Amira HxSurface)

• STL

• EMDB MAP masks

• Annotation utilities

• Search ontologies (OLS hosted at EBI)

• View, add, edit, delete annotations

• Output formats: XML, HDF5, JSON

• Create and load ROIs into OMERO

3D Visualisation of IMOD Segmentation

http://bit.ly/2oQnvxd


SAT – Segmentation Annotation Tool



EMBL-EBI Expert Workshop on Bioimaging, 

January 2017

• Molecular, cellular and organism level imaging 

represented

• EMBL-EBI to consider setting up a general biological 

imaging archive

• potential home for LM data from correlative experiments

• Different fields will need to consider what is reference 

data and what needs to be archives

• Useful conceptually to distinguish between archive and 

added value resources



Project: Public archiving and data integration 

in the era of multi modal imaging

• MRC/BBSRC funded for 36 months from October 2017 

for 3 FTE

• Project aims:

• Archiving for related imaging modalities including – 3DSEM, SXT and 

CLEM

• Data-harvesting and submission pipelines to EMDB and EMPIAR

• Visualisation of and standards for correlative imaging and for 

relating sub-tomogram averages to tomograms



Beyond molecular cryo-EM
• We have already expanded EMPIAR beyond molecular cryo-EM, 

e.g.,

• EMPIAR-10052/3/4/5: SBF-SEM

• EMPIAR-10070: FIB-SEM

• EMPIAR-10087: soft X-ray tomography

• Discussion with integrative hybrid modelling community on deposition of 

related EM data

• Expand data models – workshop December 2017

• Work with communities on data deposition

EMPIAR-10087EMPIAR-10070EMPIAR-10054



Future outlook

• Archiving for related imaging modalities including – 3DSEM, SXT and 

CLEM

• Data-harvesting and submission pipelines to EMDB and EMPIAR 

• Visualisation of and standards for correlative imaging and for relating 

sub-tomogram averages to tomograms 

• Validation 

• Crowd sourced annotation of segmentation

• Automated segmentation – deep learning

• Fast archive-wide sub-structure volumetric (or shape-based) 

searches



Cellular Structure and 3D Bioimaging Team

• PDB/EMDB annotation staff 

• Former members: E Sanz Garcia, C Lugo, J Salavert Torres (UPV), I 

Lagerstedt (Lilly)

• Former students: M Holmdahl, V Lysenkov, I Solanes Valero

• Several positions available...

Paul KorirAndrii IudinSanja Abbott Sriram Somasundharam
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Websites

• emdb-empiar.org

• empiar.org

• pdbe.org

• emdatabank.org
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