




� NYSBC is composed of 4 groups
� EM Group:

1. NRAMM
2. SEMC
3. NCCAT

� 9 member institutions
� >150 users



Titan Krios#1
Falcon3 
K2

Titan Krios#2
Falcon3 
Energy Filter + K2
Cs-Corrector

Titan Krios#3
Falcon3
Energy Filter + K2

FEI Helios 650
Quorum cryostage

FEI Tecnai F20
DE20 + TVIPS CMOS

FEI Tecnai T12
TVIPS CMOS

JEOL 1230
Gatan US4000 CCD
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Organized by nodes

Leginon MSI application à 4 
nodes/magnifications where most 
of the automation happens



X 23 à



Square sequence:
1) Collect square targets 1 -

10 by stage movement



Hole sequence:
1) Eucentric height
2)  Collect hole target 1 (square 1) 
by stage movement



Exposure sequence:
1) Check Drift_Monitor
2)  Check Focus
3) Collect exposure targets 1 – 14 
(hole 1, square 1) by beam-image shift



Leginon has now finished collecting 14 exposures within hole 1 in 
square 1. 

Next it will take exposures from hole 2 of square 1, and so forth.

This will continue until all 10 squares have been collected. 

Automation is setup to take 10 squares, 4 holes/square, ~16 
exposures/hole. This is enough for up to 640 high magnification 
images, which only took ~30 minutes to queue up. These are 
enough targets to collect for the next  6 – 8 hours.



� Pipeline for processing EM images
� Wrapper for existing EM processing packages
� Convenient web-based viewer

� Emgweb.nysbc.org
� Track and record pre-processing results

� Frame alignment (motioncorr2)
� CTF estimation (CTFFINDv4)
� Particle picking

� Concurrent with data collection enabling quick 
analysis of data quality

� Used primarily for up to 2D analysis



� Multi-scale image viewer

� Tons of metadata

3 Way Viewer

� Ice thickness
� Comparison of electron scattering 

intensity of sample versus 
reference vacuum intensity









� After a few hours of data collection we can start 3D analysis
� After ~4 hours of data collection, we can get a <3 � result within 12 hours

� Using cryosparc and relion3
� After the full data collection we can do a final pass at 3D analysis



� EMGWEB- Leginon + Appion are integrated to provide real-time monitoring of 
data quality in a webviewer format

� Hardware beam tilt correction for large image shift 

� Leginon-slack integration



� Better particle distribution & concentration
� Thinner ice (56 nm vs 205 nm)
� Better resolution measurement from CTF estimation (3.4 � vs 8.3 � )



� Good dataset had narrow distribution of ice thickness in the ~30 nm range
� Good dataset had better resolution estimates 







� Membrane protein that is unstable
� Falling apart at the air-water interface?

� At ~30 nm ice thickness, good particle density, 
morphology, and good resolution

� At < 25 nm ice thickness, particle falls apart

� At ~100 nm ice thickness, particle density and morphology 
still good, but resolution decreases



The sweet spot = 
25 – 40 nm ice

Use ice thickness measurements in
combination with hole thickness 
measurements from Leginon to control the 
exposures that you want o take!





� It is known that beam-image shift up to 2 um is acceptable and 
will produce a high quality map
� Beam-image shift up to 10 um is also possible but requires 

software correction (beam tilt refinement in relion)

� Beam-image shift induces beam tilt
� Beam tilt creates coma effects 

� Correction via an applied beam tilt creating equivalent coma in the opposite 
direction

� Implement hardware coma correction since Summer of 2018



1 image per stage movement
No beam tilt

5 images per stage movement
Beam tilt 0.5 mrad

Overhead
30s stage movement and settling
30s drift check and focus
20s K2 40-frame movie to save

80s/movie
Up to 1000 /day

45 s/movie
Up to 2,000 /day



30 images per stage movement
Beam tilt 2 mrad

35s/movie
Up to 2500/day



80 images per stage movement
Beam tilt 3 mrad

22s/movie
Up to 4000/day





� Leginon is connected to 
the slack messaging 
system

� Alerts staff to errors
� About 90% of problems 

can be solved remotely
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Grants from
� Simons Foundation (SF349247)
� NYSTAR
� NIH GM103310
� NIH OD019994

Now at NYU!
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