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Using automation to help your EM imaging



Overview

• Intro to automation of tasks in electron microscopy

• So you can see what’s possible

• How to do it

• You may not need any of this!

• Other methods still have their place, eg Toluidine 

blue staining

• Pick and choose automation as needed

• Automation can be done with existing standard 

equipment



Tasks to automate in EM imaging

• Mapping and navigation

• Low mag montage

• Where is my section/sample?

• Where are the regions of interest (ROIs)?

• Overlay correlative LM map for CLEM

• Share map with pathologist

• Imaging of multiple features

• Higher mag multi-ROI

• Imaging of a large feature

• Higher mag tile scans

• Imaging of lots of large features

• Multi-ROI tile scans

• Volume imaging. For example; 

• Batch TEM tomography,

• Serial imaging (TEM, SEM)

Tissue



Software for EM automation – various!

• SerialEM
• Mastronarde Group

• Open source

• TEM

• LLP/Shotmeister
• JEOL/System in Frontier

• TEM

• SEMography Recorder
• JEOL/System in Frontier

• SEM

• MAPS
• Thermofisher Scientific

• TEM, SEM

• Atlas 5
• Zeiss

• SEM

• AZtec
• Oxford Instruments

• TEM, SEM



Tasks to automate in EM imaging

• Various software environments are 

available

• Similar processes needed

• Mapping and navigation

• Cross-correlation to track and refind ROIs

• Autofocus

• Alignment (with different Mag/LM/etc.)

• Tile stitching

• Similar workflows possible across these 

software environments

• I’ll illustrate these with a few examples

• You don’t have to use the software I used!

Tissue



TEM automation example; human skeletal muscle



TEM automation; human skeletal muscle

• JEOL JEM-1400 TEM at 80 kV with 2K 
FLASH camera

• TEM Center microscope software

• Limitless Panorama (LLP) for mapping 
and tile-scanning 

• SerialEM for mapping, tile scanning, 
tomography, and more



Limitless Panorama (LLP); 500X montage map

Define corners of section/tissue

Setup montage map within defined area

Start montage acquisition



500X montage map

• Mapping and navigation

• Low mag tile scan

• Section/sample overview

• Regions of interest (ROIs)

• Overlay correlative map (eg IHC 

of adjacent section, FM, etc.)

• Share with pathologist and 

multidisciplinary team, eg, to 

decide on high mag ROIs

50 µm



TFS MAPS – align LM to low mag EM for CLEM

Diego Cordero



LLP; montage at 15,000X

Navigate to good area with 

required muscle fiber orientation

Correct stage height and focus,

acquire test image

Setup and start montage acquisition



LLP; viewing 15,000X montages



LLP – TEM montaging for quantitation



SerialEM – TEM automation

• Initially developed for tilt 

series acquisition

• Now lots of functions, 

including automated imaging

• Navigator

• Stores list of ‘Items’ with;

• …stage position

• …action(s) to perform 

• Highly customizable

• Scripting and Python code 

integration



SerialEM Batch Imaging

• Define ROIs;
• 10kX Map (working)
• 2kX Anchor Map

• Check ROI automation; Realign to Item

• Set up batch imaging parameters
• Montage setup
• Tilt series setup
• Acquire at items



SerialEM; 500X montage map



SerialEM; Align 500X to 10,000X – Shift to Marker

Check movement to 

another feature

Find feature in both 500X and 

10,000X, Add at Marker in 500X

Place marker at same feature 

in 10,000X, Shift to Marker



SerialEM; Check ROI automation; Realign to Item

Open ROI Map in New 

window for reference

Realign to Item:

SerialEM uses Anchor Map 

and ROI map to find ROI 

and adjust to correct position



SerialEM; Automated ROI imaging for quantitation

At each Item (ROI);

- Cook/beam shower

- Autofocus to -2 µm

- 3x3 montage acquisition



SerialEM; Automated batch dual axis tomography



Automated batch dual axis tomography with SerialEM



Zeiss Atlas 5 for SEM of large areas & array tomography

• Map section ribbons

• Define sections

• Define ROI in a section

• Acquire montage

• Propogate ROI to other 
sections and acquire serial 
montages

https://zeiss.wistia.com/medias/4t2g22k5ft

2 mm



https://zeiss.wistia.com/medias/4t2g22k5ft

Mapping and imaging sections by SEM



https://zeiss.wistia.com/medias/4t2g22k5ft

Defining ROI in sections



https://zeiss.wistia.com/medias/4t2g22k5ft

Mapping and imaging sections by SEM; Mouse spinal cord



Conclusions

• TEM

• 500X map

• Can see tubule, vessel, 

subregion of organ, orientation

• Correlative approaches;

• Overlay tol blue, FM, or IHC 

on adjacent section

• Quantitation

• Mitochondria phenotype

• Virus load

• Context

• 2D and 3D

• SEM

• No grid bars

• Better chance of finding rare 

disease feature eg Lewy 

bodies

• Can see entire biopsy, not 

destroying patient material

• Share data with pathologist 

and/or multidisciplinary team 

consultation

• Interactive
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TEM automation example; multi-ROI 15,000X montages

Find feature to estimate offset 

between 500X and 15kX

Start acquisition

‘Start Macro’ to set multi-ROI 

acquisition positions



SerialEM; Define ROIs; Maps and Anchor Maps

At each ROI, Save an 

‘ROI’ Map (10kX) and an 

Anchor Map (2000X)

First iteration sets 

conditions for automated 

Anchor Map acquisition



SerialEM; Automated batch dual axis tomography

Select ‘Tilt series’ for first ROI item, 

and setup tilt series parameters

Select ‘Tilt series’ for remaining ROI 

items; Setup is copied from first

‘Acquire at items’ to set up and start batch acquisition



SerialEM ROI screening schizonts for quantitation of 

food vacuole morphology



Mapping and imaging sections by SEM

https://zeiss.wistia.com/medias/4t2g22k5ft
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