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Volume Electron Microscopy

Overview of the divers ity of vEM technologies, original artwork by Chris  Peddie, Licence CC-BY-4.0

• Each approach requires 
specific processing, 
reconstruction and 
analysis  methods

• E.g. 
• ssTEMor Array tomography 

non-linear stack alignment
• ssETtomographic 

reconstruction
• SBF/FIB-SEM jitter 

correction
• Contrast adjustment
• …



Diamond
knife

Sample embedded 
in resin block

http://www.gatan.com/products /sem-imaging-spectroscopy/3view-system

5 x 5 x 50 nm voxels

Volume Electron Microscopy:
Serial Block Face SEM Typically in the 0.1-10+ TB range






The importance of high-quality analysis…
- Connectomics in the mouse brain

https://e11.bio/news/roadmap adapted from https://wellcome.org/reports /scaling-connectomics

https://e11.bio/news/roadmap
https://wellcome.org/reports/scaling-connectomics


The problems of scale
• Single datasets  can be much larger than RAM, even on a big 

workstation

• All types of processing are challenging at terabyte-scale, even 
very routine operations

• Storage and compute costs  can be significant

• Environmental implications of computationally intensive 
processing



Is  your data in Zarr format? 
We could use Dask!

Have you tried 
fine-tuning a pre-

trained ViT?

Just SSH to your 
HPC and launch 

this  s lurm job

I want to study the 
phenotype of knocking 

down the SHH gene

I have imaged my 
drosophila in FM, 

XR and EM

I want quantify 
the shape of the 

mitochondria

How much vRAM
do you have?

I want to extract functional 
and ultrastructural 

information at nm scale





• Differences in domain knowledge can 
lead to missed opportunities  or 
unreasonable expectations

• Deep domain knowledge allows for the 
creation of long-term plans as  well as  
reactively solving current problems

• Lack of long-term view can hamper the 
adoption of new technologies as  the 
initial effort is  high
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What we need to do

• Limit the (perceived) need for reinventing the wheel

• Support the use of modern tools, techniques and libraries

• Promote software engineering best-practice for sustainability and 
reproducibility

• Encourage FAIR Data 
(Findable, Accessible, Interoperable, Reusable)



Collaborative Computational Projects (CCP)

• A Collabora tive  Computationa l Projec t a t CoSeC is a community-
driven initiative that builds and supports  computational tools  and 
expertise for specific research areas in the UK scientific community

• Develop, mainta in, and s upport s c ientific  s oftware for research communities

• Provide  tra ining, works hops , and s upport for users  and developers

• Fos te r collaboration between academics, research institutions, and national 
computing services



New CCPs

CoSeC Cross-Cutting Activities
e.g. AI / Core Algorithms / Training Platform / Coupling / Heterogenous Compute / Data Curation

CoSeC Fellows
CoSeC 

Placements

CCP-NTH

Collaborative 
Computational Projects

High-end Computing 
Consortia

• Large and skilled group of Research 
Technical Professionals  (scientists, RSEs, 
management and support) within UKRI-STFC.

• Based in national labs at Daresbury and 
Harwell campuses.

• Cross-cutting capabilities  within the Centre

• Creation of CoSeC Fellowships and 
placement schemes

www.cosec.ac.uk



Name Research Area Chair CoSeC Project Lead

CCP4 Macromolecular x-ray crystallography Professor Ivo Tews Dr Eugene Kriss inel

CCP5 Computer s imulation of condensed phases Professor Paola Carbone Dr Alin Elena

CCP9 Computational electronic s tructure of Condensed matter Professor Stewart Clark Dr Leon Petit

CCPBioSim Biomolecular s imulation Professor Sarah Harris Dr James Gebbie-Rayet

CCP-EM Electron cryo-Microscopy Professor Maya Topf Dr Tom Burnley

CCPi Tomographic imaging Professor Philip Withers Dr Edoardo Pasca

CCPN Nuclear magnetic resonance Professor Geerten Vuister Dr James Gebbie-Rayet

CCP-NC Nuclear magnetic resonance for crystallography Professor Paul Hodgkinson Dr Kane Shenton

CCP-NTH Nuclear thermal hydraulics Professor Shuisheng He Dr Wei Wang

CCP-QC Quantum computing Professor Vivien Kendon Dr Alin Elena

CCPSyneRBI Synergis tic reconstruction for biomedical imaging Professor Kris  Thielemans Dr Evgueni Ovtchinnikov

CCP-Turbulence Turbulence modelling for fluid dynamics Professor Sylvain Laizet Dr Stefano Rolfo

CCP-WSI Wave s tructure interaction Professor Deborah Greaves Dr Wendi Liu

Materials  Chemistry Consortium Materials  chemistry Professor Scott Woodley Professor Tom Keal

UK Car-Parrinello Developing ̀ firs t principles’ quantum mechanical techniques for s tudying atomistic 
systems Dr Phil Hasnip Dr Dominik Jochym

HEC-WSI World-class  wave s tructure interaction using national High-End Computing resources Professor Deborah Greaves Dr Wendi Liu

UK-COMES UK Consortium on Mesoscale Engineering Sciences Professor Kai Luo Dr Michael Seaton

HECBioSim Biomolecular s imulation Professor Syma Khalid Dr James Gebbie-Rayet

UKTC Understandng, predicting and controlling turbulent flows using High Performance 
Computing Professor Sylvain Laizet Dr Stefano Rolfo

Some current CCPs Range of activities, including
• Community coordination
• Domain-critical software support 

and development
• Interaction with researchers and 

developers from different domains
• Deployment of software on new 

hardware infrastructure
• Code efficiency
• High Performance Computing
• AI best-practice
• Ensuring FAIR data

https://www.ccp4.ac.uk/
https://www.southampton.ac.uk/people/5x7v7t/professor-ivo-tews
https://www.sc.stfc.ac.uk/team/?searchquery=eugene-krissinel-2
https://www.ccp5.ac.uk/
https://research.manchester.ac.uk/en/persons/paola.carbone
https://www.sc.stfc.ac.uk/team/?searchquery=alin-marin-elena-dr
https://ccp9.ac.uk/
https://www.durham.ac.uk/staff/s-j-clark/
https://www.sc.stfc.ac.uk/team/?searchquery=leon-petit-dr
https://www.ccpbiosim.ac.uk/
https://www.sheffield.ac.uk/mps/people/all-academic-staff/sarah-harris
https://www.sc.stfc.ac.uk/team/?searchquery=james-gebbie-dr
https://www.ccpem.ac.uk/
https://www.cssb-hamburg.de/research/research_groups/topf_group/index_eng.html
https://www.sc.stfc.ac.uk/team/?searchquery=tom-burnley-dr
https://ccpi.ac.uk/
https://research.manchester.ac.uk/en/persons/p.j.withers
https://www.sc.stfc.ac.uk/team/?searchquery=edoardo-pasca-dr
https://ccpn.ac.uk/
https://le.ac.uk/people/geerten-vuister
https://www.sc.stfc.ac.uk/team/?searchquery=james-gebbie-dr
https://www.ccpnc.ac.uk/
https://www.durham.ac.uk/staff/paul-hodgkinson/
https://www.sc.stfc.ac.uk/team/?searchquery=kane-shenton-dr
https://ccpnth.ac.uk/
https://www.sheffield.ac.uk/mac/people/mech-eng-academic-staff/shuisheng-he
https://www.sc.stfc.ac.uk/team/?searchquery=dr-wei-wang
https://ccp-qc.ac.uk/
https://www.strath.ac.uk/staff/vivkendon/
https://www.sc.stfc.ac.uk/team/?searchquery=alin-marin-elena-dr
https://www.ccpsynerbi.ac.uk/
https://profiles.ucl.ac.uk/39189-kris-thielemans
https://www.sc.stfc.ac.uk/team/?searchquery=evgueni-ovtchinnikov-dr
https://www.ukturbulence.co.uk/ccp-turbulence.html
https://profiles.imperial.ac.uk/s.laizet
https://www.sc.stfc.ac.uk/team/?searchquery=dr-stefano-rolfo
https://ccp-wsi.ac.uk/
https://www.plymouth.ac.uk/staff/deborah-greaves
https://www.sc.stfc.ac.uk/team/?searchquery=dr-wendi-liu
https://www.ucl.ac.uk/klmc/mcc/
https://profiles.ucl.ac.uk/7926-scott-woodley
https://www.sc.stfc.ac.uk/team/?searchquery=thomas-keal-dr
https://www.ukcp.ac.uk/
https://www.york.ac.uk/physics-engineering-technology/people/phil-hasnip/
https://www.sc.stfc.ac.uk/team/?searchquery=dominik-jochym-dr
https://hec-wsi.ac.uk/
https://www.plymouth.ac.uk/staff/deborah-greaves
https://www.sc.stfc.ac.uk/team/?searchquery=dr-wendi-liu
https://www.ucl.ac.uk/mesoscale-modelling-consortium/
https://profiles.ucl.ac.uk/39937-kai-luo
https://www.sc.stfc.ac.uk/team/?searchquery=michael-seaton-dr
https://www.hecbiosim.ac.uk/
https://www.bioch.ox.ac.uk/research/khalid
https://www.sc.stfc.ac.uk/team/?searchquery=james-gebbie-dr
https://www.ukturbulence.co.uk/
https://profiles.imperial.ac.uk/s.laizet
https://www.sc.stfc.ac.uk/team/?searchquery=dr-stefano-rolfo


CCP-volumeEM

• CoSeC funded 2 year project to develop 
the computational community for 
volume EM with a  view to c rea ting a  
long-te rm CCP

• Integrated with CoSeC to join-the-dots  
with related efforts  and access huge 
knowledge-base for scientific 
computing



Martin Jones
Francis  Crick Institute

Michele Darrow
Rosalind Franklin Institute

Matthew Hartley 
EMBL-EBI

Martyn Winn
STFC CoSeC

Lucy Collinson
Francis  Crick Institute

Paul Verkade
Bristol Uni

Leandro Lemgruber
Glasgow Uni



"FAIR re-use”, “Kit’s  deluge” and “Multiple clients” by Henning Falk, ©2022 NumFOCUS, are used under a CC BY 4.0 license

Work Package  2:
Research Software  and
Data  Management

FAIR data
Next Generation File Formats
Exemplar workflows
Reproducibility via containerisation

Work Package  1:
Community 
building

Work Package  3:
Tra ining and Skills

• Existing communities
volumeem.org
RMS
BioImagingUK

• Survey

• Mailing list

• Community events  
 Roadmap

• Website (soon!)

• Slack

• BlueSky

https://www.volumeem.org/
https://www.rms.org.uk/community/networks-affiliates/bioimaginguk-network.html
https://www.rms.org.uk/community/networks-affiliates/bioimaginguk-network.html


Standing on the shoulders of giants



How to get involved
• Save the date!

Monday 3rd November
Francis  Crick Institute (London)

• One day meeting to discuss the 
draft roadmap for a collaborative 
computational project in volume 
EM (CCP-volumeEM)

• Talks from vEM and computing 
experts, plus breakout sessions 
to discuss priorities



How to get involved

• JISC Mailing list: bit.ly/ccp-volume-em 



How to get involved

• Survey on software needs in vEM
https://forms.office.com/e/eMAJGCKUnc

https://forms.office.com/e/eMAJGCKUnc


How to get involved

• Survey on software needs in vEM
https://forms.office.com/e/eMAJGCKUnc

• JISC Mailing list: bit.ly/ccp-volume-em 

• BlueSky: ccp-volumeem.bsky.social 

• Email: CCPvolumeEM@gmail.com

https://forms.office.com/e/eMAJGCKUnc
https://bsky.app/profile/ccp-volumeem.bsky.social
mailto:CCPvolumeEM@gmail.com
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