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National Resource for Automated Molecular Microscopy



Supported by the National Center for Research Resources

The overall mission of NRAMM is to develop, test and 
apply technology aimed towards automating and 

streamlining cryo-electron microscopy (cryoEM) for 
structural biology. 

Core technology research and development
Collaboration

Service
Training

Dissemination
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Specimen preparation

Gatan Solarus Plasma Cleaner

FEI Vitrobot
http://cimbio.scripps.edu/misc/documentation/protocol/freeze.php

C-Flat grids
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Specimen preparation
Cryomesh grids



Leginon: Automated OTR tilt pair imaging on vitreous ice grids

-45° +45°

-45° +45°
57 tilt pairs in 2 hours (1 pair every 2.2 minutes); >80% have “minimal” charging

Cryomesh grids help reduce BIM/charging at high tilt



Would cryomesh grids help in 2D crystallography?

Paraffin crystals on C over cryomesh (FFT of Image)



Would cryomesh grids help in 2D crystallography?

Paraffin crystals on C over cryomesh (FFT of Image)

~0.4nm



What’s next?
Start using cryomesh at NRAMM for “routine” data collection

~1,000 images (mag 100,000x) acquired using 
Leginon; 50,000 particles selected

7.5Å resolution 
38,714 particles used



What’s next?
Continue testing...
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Courtesy Gabriel Lander (TSRI)
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80,000 X





Recent experiment:  Characterize intermediates in cell entry pathway of poliovirus 
(Hogle group): 15,000 images; 430,000 particles 



What would improve throughput:
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• A Titan Krios
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•  A CMOS camera



What would improve throughput:

• A Titan Krios

•  A CMOS camera

• A ribosome



80,000 X



Automated Multi-Scale Image Acquisition using Leginon
ORT (or RCT or SAT) acquisition

-45° +45°



Automated Multi-Scale Image Acquisition using Leginon
Tomography acquisition

Courtesy of Hao Yan (U. Arizona) 
and Anchi Cheng (TSRI)

Courtesy of Jason Lanman (TSRI)
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Automated Multi-Scale Image Acquisition using Leginon
Tomography acquisition

Courtesy of Hao Yan (U. Arizona) 
and Anchi Cheng (TSRI)

Courtesy of Jason Lanman (TSRI)



What’s next:



What’s next:

• Automated alignments



What’s next:

• Automated alignments

•  Add more intelligence into the system
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• Particle picking
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• Particle picking

• Contrast Transfer Function (CTF) 
estimation & correction

• Particle extraction / Stack creation

• 2D alignment & classification

• Initial model creation

• 3D reconstruction

• Density analysis



EM Processing

Courtesy Gabriel Lander (TSRI)



EM Processing

Raptor

Rotan

SUPRIM
SwarmPS

TOM Toolbox

SPIDER

ACE

IMOD

ProTomo
UCSF Tomo

FindEM

AUTO3DEM             
EM3D

Courtesy Gabriel Lander (TSRI)
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Enter filename: ?



raw data:
/ami/data00/leginon/08mar29b/rawdata/

Particle picking:
/ami/data10/leginon/08mar29b/picking/findem1/
/ami/data09/leginon/08mar29b/TestPicks/findem2/
/home/glander/particlePickers/march29/runningPicks/

CTF estimation & correction
/home/glander/processing/march29b/ctfrun/
/ami/data15/temp/processing/march29b/ctfrun2/

Particle extraction / Stack creation
/ami/data00/leginon/08mar29b/stacks/stack1/
/ami/data00/leginon/08mar29b/stacks/stack2/
/home/glander/08march29/stacks/stackTest/
/home/glander/08march29/stacks/allParticles/

3D reconstruction
/home/glander/march29b/reconstruction/recon1/
/home/glander/march29b/reconstruction/recon2/
/ami/data00/leginon/08mar29b/recon/testingParams/
/ami/data00/leginon/08mar29b/refine/refinement/
/ami/data00/leginon/08mar29b/recon/EMAN/
newRecon/
/ami/data00/leginon/08mar29b/recon/SPIDER/recon3/

Density analysis
/home/glander/processing/work1/segmentation/
/home/glander/SPIDER/processing/amplitudes/
/ami/data00/leginon/08mar29b/postProc/bFactors/
/ami/data00/leginon/08mar29b/recon/EMAN/
newRecon/

Enter filename: ?



APPION

Courtesy Gabriel Lander (TSRI)































Cross-correlation 
based template 
matching wrapper 
for  “FindEM” by 
Alan Roseman



“Feature finding” 
method based on 
difference of 
gaussians algorithm 
by Craig Yoshioka



Manually select 
particles or edit 
automatically 
picked particles



Manual or 
automatic 
alignment of tilted 
pairs if RCT/OTR 
data is collected



Initial models within Appion
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Initial models within Appion



Initial models within Appion



Initial models within Appion

DownloadModel Command:
modelFromEMDB.py --projectid=159 --runname=1OEL_09feb10p03 -e 
1OEL -s 08nov02a -a 2.163.0 -r 30.0 -b 256

EM Density file to be created:
/ami/data15/appion/08nov02a/models/emdb/
1OEL_09feb10p03/1OEL-2.163.0-30.0-256.mrc



Initial models within Appion



Initial models within Appion



Initial models within Appion



Initial models within Appion



Initial models within Appion



Alignment and Classification Pipeline



Alignment and Classification Pipeline



Alignment and Classification Pipeline

Xmipp Maximum Likelihood Alignment
SPIDER Correspondence Analysis
Xmipp KerDen Self-Organizing Map

SPIDER Reference-based Alignment
SPIDER Correspondence Analysis
Xmipp KerDen Self-Organizing Map



Use classification for more tasks
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Use classification for more tasks



Random Conical Tilt (RCT)



 Initial models can be 
calculated using a 
variety of independent 
methods

 The toolbox facilitates 
and largely automates 
all procedures

 This is helpful for 
determining the 
reliability of the 
results
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What’s next:

• Continue adding new software











Poliovirus

unsharpened sharpened
308,477 particles 
at 2.5 A/pixels
7.5/5.8 Angstroms



What’s next:



What’s next:

• Continue developing new methods



Angular Reconstitution



Create N models (specified 
by user) using automated 

angular reconstitution
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Create N models (specified 
by user) using automated 

angular reconstitution

maximum-likelihood 
3-D alignment of 
resulting models

3-D clustering using 
affinity propagation

Best 
Model

Analysis of 3-D 
averages

Angular Reconstitution



Best 50S model from Automated 
Angular Reconstitution



3-D Batch 
Refinement within 

Appion

Best 50S model from Automated 
Angular Reconstitution



3-D Batch 
Refinement within 

Appion

Best 50S model from Automated 
Angular Reconstitution Refined 50S Subunit
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Collaborative Projects at NRAMM

Membrane Proteins

Gabe Lander
Jack Johnson

Pick-Wei Lau
Ian MacRae

Anke Mulder
Jamie Williamson

Arne Moeller
Ray Stevenson



Service Projects at NRAMM



National Resource for Automated Molecular Microscopy
The Scripps Research Institute, La Jolla, CA

Participants
David Agard, Thorsten Althoff, Ernesto Arias-Palomo, Rocio Arranz, Chris Arthur, Francisco Asturias, Benjamin Bammes, Andrew Barthel, Tanmay Bharat, 

Robert Bilhorn, Daniel Bose, Edward Brignole, Stan Burgess, Sarah Butcher, Gang Cai, Tony Carpenter, Bridget Carragher, Anchi Cheng, Johnathan Chittuluru, 
Wah Chiu, Rebeca Choy, Michael Cianfrocco, Claudio Ciferri, Aguang Dai, Sacha De Carlo, David DeRosier, Amedee des Georges, Frank Dickerson, 

Mark Dods, Radoslav Enchev, MaryBeth Evans, Vince Fernando, Lauren Fisher, Sibylle Franckenberg, Achilleas Frangakis, Joachim Frank, 
Alexander Freiberg, Xiaofeng Fu, Brian Gibbons, Bob Glaeser, Robert Grassucci, Niko Grigorieff, Megan Guelker, Ricardo Guerrero, Richard Gursky, 

Florian Hauer, Richard Henderson, Amber Herold, Thomas Heuser, Andy Hoenger, Eric Hou, Thomas Hrabe, Christopher Irving, Erica Jacovetty, Jerry Jasso, 
Grant Jensen, Lei Jin, Matthew Johnson, Jack Johnson, Ahmad Jomaa, Hiroo Katayama, Farida Khan, Zdravko Kochovski, Rebecca Kohler, Abhay Kotecha, 

Andre Krueger, Gabriel Lander, Jason Lanman, Keren Lasker, Lorraine Lathrop, Pick-Wei Lau, Catherine Lawson, Jinwoo Lee, Jeffrey Lengyel, Yael Levi-
Kalisman, Justus Loerke, Shee-Mei Lok, Steven Ludtke, Dmitry Lyumkis, Jaime Martin-Benito, Linda Melanson, Zoltan Metlage, Thorsten Mielke, Anna-
Clare Milazzo, Ron Milligan, Arne Moeller, Paul Mooney, David Morgan, Anke Mulder, Daniel Nemecek, Eva Nogales, Joaquin Ortega, Jesper Pallesen, 
Radosav Pantelic, Lori Passmore, Pawel Penczek, Steve Pfieffer, Clint Potter, Jim Pulokas, Joel Quispe, Bilal Qureshi, Maria Angeles Recuero Checa, 

Fabiana Renzi, Andrey Reshetnyak, William Rice, Alan Roseman, John Rubinstein, Christopher Russell, Eduardo Sanz Garcia, Anne Schreiber, Tanvir Shaikh, 
Gyanesh Sharma, Fred Sigworth, Daniel Southworth, Holger Stark, Alasdair Steven, Raymond Stevens, David Stokes, Hemant Tagare, Rebecca Taurog, 
Derek Taylor, David Taylor, Gokhan Tolun, Judi Townsend, Vinzenz Unger, Nigel Unwin, Neil Voss, Tom Walz, Andrew Ward, Elizabeth Wilson-Kubalek, 

John Wineman, Elena Yakubovskaya, Xiao Yang, Mark Yeager, Craig Yoshioka, Yadong Yu, Hong Zhou, Benoit Zuber. 

Workshop on Advanced Topics in EM Structure Determination: Challenging Molecules.
November 8-13, 2009



Dissemination:

 Leginon and Appion dissemination



Dissemination:

 Leginon and Appion dissemination

• Make it easier to use
• Make it easier to add new features
• Develop a “portal” 
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National Resource for Automated Molecular Microscopy
http://nramm.scripps.edu

Jim Pulokas Joel Quispe Anchi Cheng

Arne Moeller

Bridget CarragherClint PotterLorraine Lathrop

Neil Voss

Christopher Irving

Pick-Wei Lau Anke Mulder Dmitry Lyumkis

Erica Jacovetty

Ron Milligan

The National Resource for Automated Molecular Microscopy
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