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Stanford 
University/SLAC

Rutgers University European Bioinformatics 
Institute

Unified Data Resource for 3DEM

■ Established 2007 under NIGMS Support (R01GM079429) 
■ Develop Data Archives for 3DEM (EMDB + PDB)
■ Promote Community Development of Validation and 

Standards

www.emdataresource.org

https://www.emdataresource.org/


CryoEM Data Archives

Empiar, EMDB, PDB



Data Archives: What data is found where...

3D Volumes

2D Raw 
images

Fitted 
models

EMPIAR

EMDB

PDB



Growth of EM Structures

www.emdataresource.org/statistics.html
Statistics updated every week: 

https://www.emdataresource.org/statistics.html


2011 2016

CryoEM (R)Evolution
Molecular Shapes Traceable Densities



EMDB entries by year and resolution

www.emdataresource.org/statistics.html
Statistics updated every week: 

https://www.emdataresource.org/statistics.html


Finding Cryo-EM Structures
emdataresource.org/search.html



EMDR Search (New!)
emdataresource.org/search.html



EMDR Search: Setup
emdataresource.org/solrsearch.html



EMDR Search: Keywords and Ranges
emdataresource.org/solrsearch.html



Cryo-EM Structure Deposition

EMDB, PDB



wwPDB OneDep System

■ X-ray, NMR, and EM Methods (since 2016)
■ EM Methods: Deposit map to EMDB with associated 

model to PDB 
■ Validation report produced



3DEM Deposition: Method

deposit.wwpdb.org

http://deposit.wwpdb.org/


3DEM Deposition: ID Assignment
deposit.wwpdb.org

Coming Soon: Here!: 5 digit EMDB ids
e.g. EMD-12345

http://deposit.wwpdb.org/


File uploads: 
3DEM 

map/model 
submission in 

OneDep



FSC Curve Upload

■ Create xml format file using a software package 
(e.g., Relion, EMAN), or... 

■ Use PDBe’s Server: PDBe.org/FSC
■ Community recommendation: upload half-maps



EM Validation Report

18

■ “Table 1” + EM model metrics
■ Comparative statistics updated annually
■ Planned improvements: images/statistics



Archive Files and Data Dictionaries

■ EMDB produces EMDB/xml format files
■ PDB produces PDBx/mmCIF files
■ Underlying dictionaries are equivalent!



Example: Vitrification Instruments



CryoEM Validation Challenges



EM VTF 2010 Recommendations

■ Full FSC curve from 
independent half-maps 

■ Model Stereochemistry 
(same as X-ray / NMR)

■ Other Metrics: More 
Research Needed

Henderson et al. (2012)  Structure 20, 205-214
http://www.ncbi.nlm.nih.gov/pubmed/22325770

vtf.emdataresource.org

http://www.ncbi.nlm.nih.gov/pubmed/22325770
https://vtf.emdataresource.org/


Current Validation Report for EM 
Structures

■ Resolution value reported by depositor
■ Model statistics
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2015/2016 Map, Model Challenges

■ Goals: 
■ Develop benchmarks
■ encourage development of best practices
■ evolve criteria for validation
■ compare and contrast different approaches

■ Using recent data archived in EMPIAR, EMDB, PDB:

challenges.emdataresource.org

http://challenges.emdataresource.org/


The Process

Development Challenge Pre-Assess Assessment Write Up

2015 2016 2017 2018

Development Challenge Pre-Assess Assessment Write UpMAPS

MODELS

Wrap Up 
Oct 6-8, 2017



Joint Challenges Workshop Oct 6-8, 2017, 
Stanford/SLAC



Virtual Special Issue: December 2018

■ 18 peer-reviewed articles 
+editorial summarizing the 
outcomes of the Oct 
workshop

■ Recommended best 
practices as well as novel 
methods for Cryo-EM 
structure determination 
and assessment



Map Challenge: Apoferritin Target
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Reported Resolution: Apoferritin

Apoferritin

Reported Resolution (Å)è

6.8

3.1 Å 3.5 Å Russo & Passmore 
original map and model 



Apoferritin 3.1 vs 3.5 Å

■ Different expert 
practitioners can arrive 
at different resolution 
estimates for same 
level of map detail

■ Question: Could the 
community agree on a 
standard for resolution 
estimation?

ß Which is which? à



Challenges Wrap-Up: Maps
■ Results

■ All major packages can produce maps of equivalent quality
■ But .... quality can vary considerably among practitioners
■ Reported resolution is not fully reliable indicator of 

resolvability
■ Conclusions

■ Current (FSC) practices are inconsistent
■ Bullet-proof workflows and best-practice standards needed 

for reconstruction and resolution estimation



Frontiers in Cryo-EM Validation 
Workshop

■ January 14-15 at EMBL-EBI in Hinxton, UK



Frontiers Workshop: 
Some of the Outcomes

■ Lots of terrific discussion with near consensus on 
how to handle most current issues

■ Recommendations will be summarized in a white 
paper

■ Key recommendation:  EMDB-calculated resolution 
based on deposited (unmasked, minimally filtered) 
half-maps



EM Structure Validation Servers
Map: Service/Name Link
Overall Shape, Hand Tilt-Pair pdbe.org/tiltpair

Resolution FSC pdbe.org/FSC

Local Resolution 3DFSC 3dfsc.salk.edu

Local Resolution Scipion scipion.cnb.csic.es/m/myresmap#

Model: Service/Name Link
Stereochemistry, compare 
with all PDB structures

wwPDB validate.wwpdb.org

Stereochemistry Molprobity molprobity.biochem.duke.edu

Map/Model Fit: Service/Name Link
“backbone bumpiness” EMRinger emringer.com (@UCSF)

http://pdbe.org/tiltpair
http://pdbe.org/FSC
https://3dfsc.salk.edu/
http://scipion.cnb.csic.es/m/myresmap
https://validate.wwpdb.org/
http://molprobity.biochem.duke.edu/
http://emringer.com/


Stanford 
University/SLAC

Rutgers University European Bioinformatics 
Institute

Unified Data Resource for 3DEM

www.emdataresource.org

https://www.emdataresource.org/
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Join the RCSB PDB Team
http://www.rcsb.org/pages/jobs

http://www.rcsb.org/pages/jobs

