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SCHEDULE
JULY 29-30, 2020 2PM-4PM

PRACTICAL WORKSHOP WHERE 
STUDENTS WILL WORK IN PAIRS 
ON A TEST DATASET. AFTER EACH 
LECTURER GIVES AN OVERVIEW OF 
THE TOPIC THE ATTENDEES WILL 
HAVE HANDS-ON TIME TO USE THE 
INTERFACE.

1. Workshop intro  
 Overview of Leginon/Appion
 Krios workflow
 Leginon targeter

2. Micrograph evaluation / CTF Estimation 

3. Object Selection 

4. Stack creation / Particle Alignment

[3 (cont). Object Selection with templates after initial 
class averages]

5. Other features: Pro tips / Direct Detector Tools / 
Import/Export Tools

6. Closing     



HOW DO WE USE AUTOMATION?

The overall mission of NRAMM is to develop, test and apply technology for automating and streamlining 

cryo-electron microscopy (cryoEM) for structural biology. 



HOW DO WE USE AUTOMATION?

Leginon is a system 
designed for 

automated collection 
of images from a 

transmission electron 
microscope.

Appion is a 
"pipeline" for 

processing and 
analysis of EM 

images. 
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SEMC TRAINING



NCCAT TRAINING 
DOCUMENTATION
https://nccat.nysbc.org/activities/nccat
-cross-training/

https://nccat.nysbc.org/activities/nccat
-remote-learning/



LEGINON & APPION TRAINING DOCUMENTATION
leginon.org |  appion.org



APPION.ORG
Register an account



APPION.ORG
http://emg.nysbc.org/redmine/projects/nysbc-semc-user-group/issues



APPION WORKSHOPS
Single particle

Tools to generate a particle 
stack from micrographs and 

obtain an initial assessment of 
the sample.

Part IIPart I Part III

3D reconstruction, 
refinement and 

validation.

Tomography tools.

Tomography



SINGLE PARTICLE ANALYSIS

Initial model

Stack of particles EM mapCollect Data



SINGLE PARTICLE ANALYSIS

Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

Schedule
July 29-30 2pm-4pm

Practical workshop where students 
will work in pairs on a test dataset. 

After each lecturer gives an 
overview of  the topic the attendees 
will have hands-on time to use the 

interface.



DATA ACQUISITION AND PROCESSING PLATFORMS
EM instrumentation

Appion

FEI Tecnai Biotwin
TVIPS 4K CMOS

FEI Titan Krios#1 / #2 / #3
#4 / #5 / #6

GIF/K3 

FEI Tecnai F20
DE20

TVIPS 4K CMOS

FEI Helios 650
Quorum cryostage

JEOL 1230
Gatan US4000 CCD



ON THE FLY DATA PIPELINE

Camera

Buffer server

File system/cluster

Web portal

Leginon
Workstation User Data transfer station



EXAMPLE: SINGLE-PARTICLE WORKFLOW

Frame alignment

3D classification

Workflow 
Optimization 

if  needed

Setting up 
workflow

Data acquisition CTF estimation

Particle picking

Initial 2D classification

Initial model 
generation 3D refinement

Model building
Micrograph/

Particle curating

Micrograph/
Particle sorting

2D classification

During EM session After EM session

Leginon
session 

Appion
session

SEMC 
computing

Home institution 
computing/cluster

3D refinement



PROCESSING WORKFLOW
During EM session

Frame alignment

CTF estimation

Particle picking

Micrograph/
Particle curating

Appion
session



Leginon / Appion web interfaceDuring EM session

PROCESSING WORKFLOW



PACKAGES OFFERED
After EM session Appion web interface



WHO DOES THE PROCESSING WORKFLOW?

SEMC computing
Home institution 

computing/cluster

3D classificationInitial 2D classification

Initial model 
generation 3D refinement

Model building

Micrograph/
Particle sorting

2D classification

After EM session Appion web interface



Remote 
data 
transfer

Create an account at 
globusid.org

Login at 
globus.org

REMOTE DATA TRANSFER
Transfer files

http://globusid.org
http://globus.org


Remote 
data 
transfer

REMOTE DATA TRANSFER

/beegfs/frames/[username]/[session name]/

/beegfs/leginon/[username]/[session name]/

/beegfs/appion/[username]/[session name]/



SCHEDULE
JULY 29-30 2PM-4PM

PRACTICAL WORKSHOP WHERE 
STUDENTS WILL WORK IN PAIRS 
ON A TEST DATASET. AFTER EACH 
LECTURER GIVES AN OVERVIEW OF 
THE TOPIC THE ATTENDEES WILL 
HAVE HANDS-ON TIME TO USE THE 
INTERFACE.

1. Workshop intro  
 Overview of Leginon/Appion
 Krios workflow
 Leginon targeter

2. Micrograph evaluation / CTF Estimation 

3. Object Selection 

4. Stack creation / Particle Alignment

[3 (cont). Object Selection with templates after initial 
class averages]

5. Other features: Pro tips / Direct Detector Tools / 
Import/Export Tools

6. Closing     



Start your web browsers

nccatweb.nysbc.org

Login: nworkshop
Password: appion2020



APPION & LEGINON WEBTOOLS
nccatweb.nysbc.org



APPION & LEGINON WEBTOOLS
nccatweb.nysbc.org



APPION & LEGINON WEBTOOLS
nccatweb.nysbc.org



APPION & LEGINON WEBTOOLS
nccatweb.nysbc.org



nccatweb.nysbc.org

NCCAT 
workq cluster

Leginon / support 
workstations 

GPU workstations

nccat.nysbc.org

emg.nysbc.org/
redmine

Web resources Cluster resources On site resources

Data transfer 
computers

EM session user

COMPUTATIONAL RESOURCES



Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

SCHEDULE



Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

SCHEDULE



MICROGRAPH EVALUATION 



MICROGRAPH EVALUATION 



MICROGRAPH EVALUATION 



Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

SCHEDULE



CTF
ContrastTransferFunction

CTF is the function which modulates the 
amplitudes and phase of an electron 

beam in a TEM

A recorded image can be regarded as a CTF 
degraded true object and allows for CTF 

correction to restore that image



CTF: WHY IS MONITORING THE CTF IMPORTANT IN OUR 
DATA COLLECTION?
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CTF: WHY IS MONITORING THE CTF IMPORTANT IN OUR 
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CTF: WHY IS MONITORING THE CTF IMPORTANT IN OUR 
DATA COLLECTION?



CTF: HOW TO RUN A JOB.

nccatweb.nysbc.org

Login: nworkshop
Password: appion2020



CTF: HOW TO RUN A JOB.



CTF: HOW TO RUN A JOB.



Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

SCHEDULE



PARTICLE PICKING

1. Initial Picking
DoG Picking

 Unbiased and rough

Manual Picking
 Time consuming, possible bias, can be more accurate

2. Make a stack, 2D alignment, generate good class 
averages

3. Template Picking
 Based on generated class averages



PARTICLE PICKING

Difference of  Gaussian (DoG) Picker



PARTICLE PICKING

Difference of  
Gaussian (DoG) Picker



PARTICLE PICKING

Difference of  
Gaussian (DoG) Picker Low Pass Filtering

0 Å 20 Å 40 Å 60 Å



PARTICLE PICKING

Difference of  
Gaussian (DoG) Picker



PARTICLE PICKING

Difference of  
Gaussian (DoG) Picker

DoG Map



Micrograph evaluation

CTF Estimation

Object Selection

Stack Creation

Particle Alignment

ab initio Reconstruction

Advanced Features

Initial 
model

Stack of 
particles

Collect 
Data

SCHEDULE



STACK CREATION AFTER PARTICLE PICKING
Box size: should be at least 1.5 X particle size

Should be a multiple of small primes (2,3,5)

Measure approximate particle size in Leginon
using Ruler tool

Convert to pixels

Today’s sample: 
 Diameter ~ 200A
 Pixel size ~1.5A

Box size 192 pixels



STACK CREATION FOR TEMPLATES / QUICK ANALYSIS

Initial Stack: After dogpicking, goal is to 
make templates 

Bin as much as possible
 Ideally boxes 72 pixels or fewer in dimension

CTF correct by phase flipping

Invert image density for Cryo!

For large sets, can choose only exemplar 
images



EXAMINE STACKS



CLEAN UP BY MEAN / SD FILTER



TEST POINTS TO DRAW TRAPEZOID



CREATE SUBSTACK



STACK AFTER CLEANUP



PARTICLE ALIGNMENT AND CLASSIFICATION





INITIAL FAST ALIGNMENT BY MAXIMUM LIKELIHOOD

• Binned Stack
• Few References (classes)
• Decent No. Processors
• Monitor time estimate
• If too long

• Bin more
• More CPU’s
• Fewer Classes



OOPS, NEED TO ADD DESCRIPTION



DISPLAY ALIGNED STACKS



EXAMINE CLASSES

Note: With this particle, we basically have only 2 classes: a top view and a side view



GO TO SELECT MODE



PICK CLASSES FOR TEMPLATES

Templates: Used for template-based picking
Template Stack: Used for ab initio reconstruction
Substack: Make a new stack using only particles from good classes



UPLOAD TEMPLATES



PARTICLE PICKING: TEMPLATE PICKER



MAKE LARGER STACK FROM TEMPLATES



OVERRIDE SIZE IF NECESSARY

216/2=108
108/2=54
54/2=27
27=3*3*3



Micrograph evaluation
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