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Goals workshop

• Current performance of cryoET

• speed & quality of data collection and reconstruction

• Common view on targeted performance of cryoET

• Define the requirements for structural cell biology

• Identification workflow aspects to be improved

• long-term & short term, technical & fundamental

2Insert > Header & footer 3-Dec-18



Historical perspective

• Since the automation took hold during the 1990’s cryoET matured into a 

widely used imaging technique

• quality and speed of specimen preparation, reconstruction algorithms

• advanced packages available both from scientific community as well as industry

• During the last five years, increased development of cryoET applications 

aiming for sub 0.5 nm resolution

• more sensitive and faster detectors, better cryo TEMs, phase plates

• algorithms, high performance computing



From my perspective early developments on automation



1985 Automated focusing – Delft University, Nethelands

Simulations & TEM control
Low dose, Autofocus



1989-91 Auto tomography – Tietz, Martinsried

Automated tomography
Video camera, correlation

Cryo tomography
Handling drift, energy filter



1991-95 Auto tomography - UCSF

Automated tomography
Slow Scan CCD
Metadata & Processing



1999-2005 Auto tomography – Utrecht University

From manual to automated

Beam-exposure 10-100 times less

Acquisition time reduced from a hours to 20 minutes

Pre-calibration



• Direct electron detector

Increased sensitivity (5-10x): better resolution

• Dedicated cryo-TEM

Better mage quality, automation: higher throughput

• Phase Plate

Increased contrast (5x): better images

• GPU computing

Faster reconstructions (100x)

• Software 

Better and smarter algorithms: faster and better reconstructions

Technological developments revolutionized cryoET

Todays applications of 

cryo electron 

tomography can reveal 

structural information in 

the sub-nm range

Data acquisition time 

hardly improved



Current status

• Excellent data collection & processing available

• High quality, user friendly,  supported, flexible

Serial EM, UCSF Tomo, TOM, Leginon, Tomo4, EM-Menu, DMS

• Acquisition of a large number of high quality 

tomograms increasingly important important

• increase resolution by sub-tomogram averaging

• hybrid approach with single particle approaches

• direct interpretation of densities in vivo and in situ

Ugurlar…Howes..Gros...Sharp et al 

(Science, 2017)

Vesicles as a platform to study 

structural interactions between 

molecules and membrane 

(Complement system).

Wolff …Barcena et al 

(in preparation)

Frozen-hydrated lamella of cell 

structure to study intracellular 

membrane-bound membrane  

proteins involved in virus replication. 

Tuijtel .. Sharp et al 

(submitted)

Cryo PALM CLEM to pinpoint specific 

structures in the cell context

In many labs the time 
required for tilt series 

acquisition and 
processing becomes 

challenging

Volume of data, 
sparsity of data 

points on specimen, 
complex processing 

workflows
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Tilt 
geometries

Single/dual

Sequence of 
acquisition
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distribution

Angle dependent
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A view on automation

Tracking area 
of interest xyz

mechanical
electron optical

Detector and 
illumination

Single frame, 
movie, counting

Stability
various drifts, 

energy filter, Cs 
corr, phase plate
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Transfer data 
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Take into 
account image 

formation

CTF, VPP
Dose-weighing
motioncorr2
alignframes
Cffind4, gctf, 
gtfphaseflip

Refine shifts, 
angles

WBP
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Focus on sub-volumes, building data
3D MSA,  missing wedge, focus variation, stichtomo
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Estimate or SNR in xyz, anisotropic resolution, ranking datasets
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Combine multi-resolution multi-modal data sets
Segmentation, visualization, quantification
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