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History	of	SerialEM

• Developed	by	David	Mastronarde
University	of	Colorado	in	2005.

• https://bio3d.colorado.edu/SerialEM/
serialEMJSB.pdf

• Proto	version	was	developed	for	
montaging	and	acquiring	tilt	series	
of	plastic	sections	for	HVTEM

• Windows
• Open	Source

• https://bio3d.colorado.edu/SerialEM/
OpenSerialEM/

• Installed	on	>	500	microscopes

Mastronarde 2005



Tomography	Data	Collection:	Cellular	Imaging

Chrelf eta	.,	2019



Correlative	light	electron	microscopy

Campton	et	al.,	2017



Tomography	Data	Collection:	Subvolume Averaging

Hagen	et	al.,	2017

Hagen	et	al.,	2017

Turonova et	a.,	2020



MicroED Data	Collection

Cruz	et	al.,	2019

Collect	diffraction	data	of	micron	sized	crystals	
during	continuous	tilting	of	the	stage.







Multiple	Levels	of	Screening	and	Data	Collection	

• Do	the	grids	have	vitreous	ice?
• Overall	grid	quality,	how	many	
good	grid	squares	?

• Are	there	particles	in	the	ice	?
• What	is	the	particle	morphology,	
size,	and	distribution?

• How	thin	is	the	ice?
• Micrograph	quality	?
• Do	the	2D	class	averages	have	2nd
structure	?	

• What	is	the	3D	structure	?



Multiple	Levels	of	Screening	and	Data	Collection:	Processing	

• Do	the	grids	have	vitreous	ice	?
• Overall	(low-mag)	grid	quality,	how	
many	good	grid	squares	?

• Are	there	particles	in	the	ice	?
• What	is	the	particle	morphology,	
size,	and	distribution?

• How	thin	is	the	ice?
• Micrograph	quality	?
• Do	the	2D	class	averages	have	2nd
structure	?	

• What	is	the	3D	structure	?



Map	to	Grids

Autoloader	Inventory

Image	at	High	Mag

Montage	Grid	Squares

Add	Grid	of	Points

Setup	Multishot Record

Start	Data	Collection

Pre-process	Data

Align	TEM	and	Collect	Gain	/	Dark	Reference	Before	Data	Collection	

Typical	Session

1 2 3
4 5 6
7 8 9





https://www.youtube.com/watch?v=_yxhBT-nR9c



Low-Dose	Imaging

Scale	Bar	1	µm

Focus	Beam

Record	Beam

View	Beam

Purpose	of	Low-Dose	is	to	move	the	Focus	(and/or	Trial)	area	away	from	the	
Record	area	so	you	don’t	damage	sample



Low-Dose	Control

Focus	(and/or	Trial)	away	from	the	Record	area	
so	you	don’t	damage	sample!!!

Setup	5	different	microscope	conditions	(Mag,	
Spt size,	probe,	lenses	strength…)

View:	8,500	X	Mag	for	eucentric height	and	
centering	stage/image	shift
Focus:	45,000	X	Mag	for	Autofocus
Trial:	45,000	X	Drift	measurement
Record:	45,000	X	Collect	data
Search:	62-210	X	Mag	for	montaging

Offsets:	defocus,	beam	shift	and	beam	tilt

On/Off

To	Change

Position	of	Beam

Select	
Moving	beam

For	Setting	up	
Low-Dose

Record/View/Search



Low-Dose	Control:	Adjust	position	of	Focus	Area

Click	this

Adjust

Adjust



Additional	Image	Shift

Record
View Search

Add	image	shift	relative	to	Record	for	View	and	Search	so	all	modes	are	centered

Check	View	or	Search

Take	image	then	click	and	drag



Eucentric Height	

Eucentric Rought
Find	Z	height	by	stage	tilting
Accurate	5-10	µm
Best	if	“near”	eucentric <	50	µm.

Set	using	TEM	FluCam TEM	User	Interface SerialEM



Shift	to	Marker



SerialEM Scripts	

https://serialemscripts.nexperion.net



Buffer	Status

Shows	image	buffer	information

Current	buffer	spin	button:
Display	different	buffers

Buffer	Status	Panel
This	panel	shows	detailed	information	about	the	image	buffer	currently	shown	
in	the	main	display	window,	and	summary	information	about	several	other	
buffers.	For	an	ordinary	image	acquired	by	the	user,	the	summary	line	for	a	
buffer	will	show	what	parameter	set	was	used	to	acquire	the	image	and	
whether	it	is	saved	to	file	or	not.	Other	descriptive	terms	will	appear	when	the	
program	has	acquired	an	image	for	calibration	or	tracking,	when	an	image	has	
been	processed,	or	when	the	image	was	composed	by	the	montage	
acquisition	routine.



Buffer	Controls

• Copy	images	from	one	buffer	to	another
• Copy	Active	Image	to	Buffer

• Saving	images	to	file
• Save	A
• Save	Active

• Buffer	settings
• Roll	Buffer	
• Read	into	Buffer	

A B C D P



Window



Image	Display	Controls

Controls	how	images	are	displayed

• Black	and	white	levels
• Brightness	and	Contrast	levels
• Cross	
• Zoom

• Middle	mouse	button



Microscope	and	Microscope	Control

Microscope:
Display	microscope	status	and	imaging	
conditions

Microscope	Control:
Allows	you	to	control	microscope	and	
imaging	conditions



Tilt	Control

Displays	tilt	angle	of	stage

Tilt	the	stage	+/- 70



Camera	&	Script

Setup camera	parameters

Acquire images	for	View,	Focus,	
Trial,	Record,	Preview,	and	Search

Resume/Stop scripts

Select	and	Run	different	scripts



Camera	Setup



Image	Alignment	&	Focus

Autofocus:	will	take	focus	images	
(different	beam	tilts)	to	set	the	
defocus	to	desired	target.		To	Set	
target	Menu:	Focus	à Set	Target

Defocus	Target
Movie	stage	for	big	mouse	shift	/	
Set	Threshold	Shift
Reset	Image	Shift



Montage	Controls

Start: Start	montaging

Treat	as	very	sloppy	montage:	
align	edges	(IMOD	blendmont)	

-sloppy (-sl) OR	-SloppyMontage Do	initial	
cross-correlations	for	finding	edge	functions	and	
shift	pieces	to	minimize	displacements	in	the	
overlap	zones

https://bio3d.colorado.edu/imod/doc/man/blendmont.html



Navigator

List	of	Items
Points:	single	location

• Add	Stage	Pos
• Add	points

Polygons:	set	of	connected	points	
around	a	region

• Add	Polygon
Maps:	imaged	saved	to	file	(single	
image,	montage,	other	microscope).

• Add	Map
Save	the	stage	position	for	each	item.

Got	To	XY	/	Got	To	XYZ	/	Go	To	Maker

Mark	points	for	data	collection	(Acquire	Points)



SerialEM Resources

• Webpage	https://bio3d.colorado.edu/SerialEM/
• Youtube https://www.youtube.com/playlist?list=PLGggUwWmzvs-
DV4jCapSl5XQ-hpAXtzMb

• Scripts	https://bio3d.colorado.edu/SerialEM/Script	depository
• Lectures	Wim Hagen	EMBL	https://www.youtube.com/watch?v=yqsUeOIg-
0Q

• Umass CryoEM Core	Website	Chen	Xu		https://sphinx-
emdocs.readthedocs.io/en/latest/index.html

• Google	Group	
https://groups.google.com/a/colorado.edu/forum/#!forum/serialem

• Microscopy	and	Microanalysis	Short	Course	
https://www.microscopy.org/MandM/2020/program/short_courses.cfm



The	End

https://weheartit.com/entry/329040315


