
-5

CCP-EM Icknield 
Model building workshop

4 Nov 2024

Sjors H.W. Scheres



The RELION team

Johannes
Schwab

Takanori
Nakane

Dari 
Kimanius

Kiarash
Jamali

Also: past members, Lindahl group & CCP-EM

Jasenko 
Zivanov

#teamtomo

Alister 
Burt

Rangana 
Warshamanage

Bogdan 
Toader



RELION-5.0 (beta-release)

https://relion.readthedocs.io/release-5.0



New in RELION-5 

• Rethinking regularization

– Blush

• Continuous heterogeneity

– DynaMight

• Automated model building

– ModelAngelo

• A full tomography pipeline

Nature 628, 450-457 (2024)

Nature Methods 21, 1855–1862 (2024)

FEBS Open Bio, in press (2024)

Nature Methods 21, 1216–1221 (2024)



Blush

Regularisation by Denoising (RED)



Rethinking Regularization
Bayes’ theorem

or



Regularization using the Gaussian prior
Molecular densities are smooth

Smoothing



We know more about proteins
Prior structural knowledge



Blush regularisation



PfCRT (EMPIAR-10330)



Ste2 (GPCR dimer)



Multibody refinement



A small amyloid (tau FIA)



A 40 kDa protein-nucleic acid complex



DynaMight: 

“modelling structural Dynamics that 
Might improve your map”



Learnt 3D deformation fields



Learnt 3D deformation fields



Regularisation of deformations



The pitfalls of model bias



The yeast CCAN:Cenp-A complex



Protein dynamics



Yeast kinetochore (II)



Dynamight vs 3Dflex (I)



Dynamight vs 3Dflex (II)

EMPIAR-10073



ModelAngelo



ModelAngelo



ModelAngelo





Results (proteins)



Results (proteins)



Building nucleotides and proteins

PDB:7S1G



Results (nucleotides)



Building nucleotides and proteins

PDB:8EA4





Protein identification
What if we use the proteome as our sequence 
file?



Phycobilisome

You et al. Nature 
2023

Backbone deposited

ModelAngelo



A complete tomography pipeline



relion --tomo



Poster 83 
by Bogdan Toader



Napari-based
picker



HIV immature 
capsids (5tomos)



Cryo-ET pipeline documentation

• https://relion.readthedocs.io/release-5.0

– NOW UPDATED!

– Pre-calculated results from Zenodo



Conclusions 

• Blush makes difficult refinements better

• DynaMight improves maps from data sets with continuous flexibility
– But be careful with atomic models as input!

• ModelAngelo builds models automatically
– as good as humans for protein building
– better than humans at identifying unknown proteins

• A start-end tomo pipeline will make sub-tomogram averaging a lot easier
– Data model also to be adopted by CCP-EM

• #OpenSoftwareAcceleratesScience
– CCP-EM pipeliner & Doppio will be important!
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