
1

Preprint:	Please	note	that	this	article	has	not	completed	peer	review.

Generating	gastruloids	with	somite-like	structures
from	mouse	embryonic	stem	cells
CURRENT	STATUS:	POSTED

Vincent	van	Batenburg
Hubrecht	Institute

Susanne	Carina	van	den	Brink
Hubrecht	Institute

s.c.vandenbrink@gmail.comCorresponding	Author
ORCiD:	https://orcid.org/0000-0003-3683-7737

Marloes	Blotenburg
Hubrecht	Institute

Anna	Alemany
Hubrecht	Institute

Naomi	Moris
Cambridge	University

Peter	Baillie-Johnson
Cambridge	Univerisity

Yasmine	el	Azhar
Hubrecht	Institute

Katharina	F.	Sonnen
Hubrecht	Institute

Alfonso	Martinez	Arias
Cambridge	University

Alexander	van	Oudenaarden
Hubrecht	Institute

a.vanoudenaarden@hubrecht.euCorresponding	Author

DOI:
10.21203/rs.2.18203/v1

mailto:s.c.vandenbrink@gmail.com
mailto:a.vanoudenaarden@hubrecht.eu
https://dx.doi.org/10.21203/rs.2.18203/v1


2

SUBJECT	AREAS
Biological	techniques Cell	Biology

KEYWORDS
Gastruloids,	mouse	embryonic	stem	cells,	Matrigel,	somites

https://www.researchsquare.com/browse?subjectArea=Biological%20techniques
https://www.researchsquare.com/browse?subjectArea=Cell%20Biology


3

Abstract
Gastruloids	are	aggregates	of	mouse	embryonic	stem	cells	that	can	be	used	to	study	key	aspects	of

mammalian	post-implantation	development	in	vitro1–4.	Gastruloids	generated	with	previously

published	protocols	do	not	generate	somite-like	structures4–6.	Here,	we	describe	a	modified	version	of

the	gastruloids	culture	protocol5,6	that	results	in	gastruloids	that	do	generate	somite-like	structures	in

vitro	(van	den	Brink	et	al.,	Nature,	2020)7.	Under	these	conditions,	about	50%	of	the	gastruloids

generated	form	structures	with	features	that	are	characteristic	of	somites7.

This	protocol	takes	6	days,	with	relatively	little	hands-on	time.	The	protocol	starts	with	the

aggregation	of	the	cultured	cells.	Then,	the	Wnt-agonist	Chiron	is	added	2	days	(48h)	later.	The

medium	of	the	aggregates	is	replaced	3	days	(72h)	after	aggregation.	To	induce	somite-formation,

gastruloids	are	embedded	in	Matrigel	4	days	(96h)	after	aggregation.	After	5	days	(120h)	of	culture,

gastruloids	resemble	E8.5	mouse	embryos.	At	this	timepoint	they	can	be	fixed	(fixative	is	added	on

day	5	and	washed	away	on	day	6	after	overnight	incubation	in	PFA)	to	prepare	them	for	staining	or

microscopy	experiments.

Introduction
Somitogenesis	is	the	process	by	which	the	early	embryonic	mesoderm	segments	into	blocks

(“somites”),	that	give	rise	to	the	skeletal	muscles,	cartilage,	tendons	and	dermis8.	Somitogenesis	is

associated	with	a	pattern	of	differentiation	of	the	presomitic	mesoderm	along	the	anterior-posterior

axis	of	the	embryo8.

The	process	of	somitogenesis	can	be	studied	in	vivo	in	mice,	but	there	are	technical	difficulties

associated	with	maintaining	and	imaging	embryos	in	culture	for	the	necessary	amount	of	time.

Gastruloids	are	polarized	aggregates	of	mouse	embryonic	stem	cells	that	recapitulate	key	events	that

occur	during	gastrulation	in	embryos,	including	symmetry	breaking,	germ	layer	formation	and	axial

organization1–4.	They	can	be	used	to	study	mammalian	post-implantation	development	in	vitro1–4,	in

particular	events	that	take	place	between	5.5	and	9.5	days	post	fertilization	in	mouse	embryos4.

Gastruloids	represent	an	opportunity	to	Reduce,	Refine	and	Replace	animal	use	as	they	are	generated
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directly	from	embryonic	stem	cells,	and	can	be	generated	in	large	numbers,	which	makes	them

compatible	with	high-throughput	genetic	and	small	compound	screens.	In	contrast	to	organoids,

which	generally	consist	of	only	one	tissue	type,	gastruloids	contain	most	cell	types	that	are	present	in

gastrula-stage	mouse	embryos7.	Furthermore,	in	contrast	to	embryoid	bodies	(EBs;	in	vitro	culture

systems	that	also	contain	several	embryonic	tissues),	these	cell	types	are	organized	correctly	in

space	and	time	in	gastruloids.	Therefore,	the	gastruloid	system	allows	the	in	vitro	study	of

interactions	between	tissues	during	embryonic	development	in	a	morphological	context	that	more

faithfully	resembles	the	mouse	embryo.

A	feature	of	gastruloids	is	that,	while	they	exhibit	the	genetic	blueprint	of	the	mammalian	body	plan,

they	lack	the	morphogenetic	events	that	characterize	the	structure	of	embryos4.	This	is	most	clearly

seen	in	the	process	of	somitogenesis.	Even	though	gastruloids	reach	the	early	stages	of

somitogenesis	and	express	key	markers	of	this	process	in	the	correct	spatial	anterior-posterior

locations4,7,	they	do	not	form	somite-like	structures	when	generated	with	previously	published

protocols4–6.	We	recently	showed	that	the	periodic	Notch-signalling	oscillations	that	regulate	somite

formation	in	embryos	are	present	in	gastruloids7.	In	addition,	we	showed	that	the	formation	of	somite-

like	structures	can	be	induced	in	gastruloids	by	embedding	them	in	low	percentages	of	Matrigel	at

96h	after	aggregation7.	These	somite-like	structures	have	defined	rostral	and	caudal	halves,	and

appear	sequentially	in	anterior-posterior	direction	along	a	clearly	defined	anterior-posterior	axis7.

Here,	we	describe	the	step-by	step	protocol	that	can	be	used	to	generate	mouse	gastruloids	that	form

somite-like	structures	in	vitro.	This	protocol	is	based	on	previously	published	gastruloid	culture

protocols1,5,6,	but	includes	an	essential	Matrigel-embedding	step	that	is	necessary	for	the	generation

of	somite-like	structures7.	This	protocol	represents	a	key	step	towards	in	vitro	high-throughput

models	that	allow	the	study	of	somitogenesis	in	the	context	of	3D	axially	organized	structures.

Reagents
2D	cell	culture	reagents

Gelatin	(0.1%)
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Trypsin	(0.05%;	Gibco	25300-054)

PBS	(containing	Ca2+	and	Mg2+)

ESLIF	for	2D	cell	culture:

·	500	ml	G-MEM	BHK-21	(Gibco;	21710025)

·	5	ml	Sodium	Pyruvate	(100x;	100mM;	Gibco;	11360-039)

·	5	ml	Non-essential	amino	acids	(100x;	Gibco;	11140-035)

·	5	ml	GlutaMAX	(100x;	Gibco;	35050-038)

·	5	ml	PennStrep	(100x;	Gibco;	15070-063)

·	1	ml	b-mercaptoethanol	(50	mM	in	PBS;	stock	is	1.114	g/ml;	thus,	dilute	286x	in	PBS	(5	ml	PBS	+

17.5	μl	stock),	filter	through	0.22	μm	filter	and	store	at	4	°C	for	max.	1	month;	Sigma;	M3148)

·	50	ml	FBS	(Sigma;	F7524)

·	57.1	μl	ESGRO®	Leukemia	Inhibitory	Factor	(LIF)	(stock	10	million	units/ml;	final	concentration	in

medium	1,000	units/ml	(EMD	Millipore	Corp.,	USA;	ESG1107)

3D	gastruloid	culture	reagents

Ndiff	227	medium	(Takara;	Y40002;	“N2B27”	medium)

Chiron	(Chi99021;	stock	prepared	at	10	mM	in	DMSO;	Sigma;	SML1046-5MG)

Matrigel	(we	use	Corning,	356231,	lot	number	6137007,	protein	concentration	9.8	mg/ml)

Fixation	reagents

PBS0

4%	PFA	(Electron	Microscopy	Sciences;	15710)	in	PBS	(aliquots	can	be	stored	at	-20	°C)

PBS-Tween20	(Promega;	H5152;	0.1%	(v/v))

Plastics

Non-adherent	U-bottomed	96-well	plates	(Greiner	Bio-one;	650185)

Sterile	dispension	tray
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DNA	LoBind	tips	for	P200	multichannel	pipette	(Greiner	bio-one;	738265)

24-well	plates	for	culture	of	Matrigel-embedded	gastruloids

·	For	live-imaging,	use	glass-bottomed	plates	(Sigma,	EP0030741021)

·	For	experiments	that	do	not	require	live-imaging,	regular	cell-culture	plates	(Sigma,	M9312)	can	be

used.

1.5	ml	DNA	LoBind	tubes	(Eppendorf;	0030	108.051)

5	ml	DNA	LoBind	tubes	(Eppendorf;	0030	108.310)

Equipment
Standard	cell	culture	equipment	(hood,	centrifuge,	water	bath,	pipettes,	rocker	at	4	°C	to	thaw

aliquots	of	N2B27,	Falcon	tubes,	T175-flasks,	6-well	plates	for	2D	culture	of	mouse	embryonic	stem

cells,	etc.)

Humidified	incubator	(37	°C	and	5%	CO2)

Rotator	(in	4	°C	room)	to	thaw	N2B27	aliquots

Counting	chamber	(for	example	Bürker-Türk,	Marienfeld)

P200	multichannel	pipette

Spatula

Dissection	microscope

Procedure
Before	starting	gastruloid	protocol

2D	cell	culture

Mouse	embryonic	stem	cells	(mESCs)	are	grown	in	standard	conditions,	on	Gelatin	(0.1%)	coated	6-

well	plates,	in	ESLIF	and	without	MEFs	in	a	humidified	incubator	at	37	°C	and	5%	CO2.	For	efficient

gastruloid	formation,	it	is	important	that	the	cells	are	split	and	fed	regularly,	and	are	never	grown	too

confluent	or	too	sparse.	We	generally	split	our	cultures	~1:5	every	two	days	to	keep	the	cultures

between	~20	and	100%	confluency,	and	feed	the	cells	on	days	on	which	they	don’t	need	splitting.

Aliquoting	of	N2B27:	

1.	Thaw	the	bottle(s)	of	N2B27	at	37	°C	in	the	water	bath,	shake	occasionally,	and	remove	them	from
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the	water	bath	as	soon	as	the	last	piece	of	ice	has	melted	to	prevent	the	formation	of	protein

aggregates.

2.	Vigorously	shake	the	bottle	and	store	at	4	°C	overnight.	

3.	The	next	day,	shake	the	bottle	vigorously	and	check	if	there	are	any	precipitates	(if	desired,	take	a

sample	and	check	for	protein	aggregates	under	the	microscope).	

4.	Aliquot	in	50	ml	tubes	(max.	35	ml	per	tube	to	prevent	medium	from	leaking	out	upon	freezing)

and	store	at	-20	°C.

Note:	if	the	medium	is	thawed	incorrectly,	protein	aggregates	(visible	as	strings	in	the	medium)	will

form.	These	aggregates	do	not	inhibit	gastruloid	formation,	but	can	be	inconvenient	during	gastruloid

imaging	experiments.

Preparing	N2B27	aliquots	for	gastruloid	culture:

1.	Thaw	the	required	number	of	aliquots	2	days	prior	to	gastruloid	formation	by	placing	them	on	a

rotator	at	4	°C	overnight.

2.	Transfer	the	thawed	medium	to	a	T175	cell	culture	flask	1	day	prior	to	gastruloid	formation,	and

place	the	flask	in	the	cell	culture	incubator	with	the	lid	slightly	open	to	allow	the	pH	of	the	N2B27	to

adjust	overnight.	

	Making	aggregates

Note:	make	sure	that	the	cells	are	at	~80-85%	confluency	when	starting	gastruloid	formation.

1.	Pre-warm	PBS,	ESLIF	medium,	and	Trypsin	to	37	°C	in	a	water	bath.

2.	Aspirate	the	medium	from	the	cells	and	wash	the	cells	2x	with	PBS.

3.	Add	1	ml	pre-warmed	Trypsin	to	the	well	of	the	6-well	plate	and	incubate	for	approx.	3	minutes	in

the	incubator	to	dissociate	the	cells.

4.	Dissociate	the	cells	into	a	single-cell	suspension	using	a	P1000	pipette,	and	transfer	to	a	50	ml

Falcon	tube.

5.	Add	4	ml	of	ESLIF	medium	to	neutralize	the	Trypsin.

6.	Spin	down	at	200	g	for	3	mins.
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7.	Remove	the	supernatant	and	wash	the	cell	pellet	with	5	ml	PBS.

8.	Spin	down	at	200	g	for	3	mins.

9.	Carefully	remove	PBS	and	add	another	5	ml	PBS	for	a	second	wash.

Note:	don’t	skip	this	step	–	the	second	wash	step	is	essential	for	the	generation	of	reproducible

aggregates.

10.	Spin	down	at	200	g	for	3	mins.

11.	Carefully	remove	all	PBS	without	disturbing	the	cell	pellet.

Note:	Leftover	PBS	can	inhibit	the	formation	of	aggregates.	We	typically	use	a	P200	pipette	to	remove

the	last	few	μl	of	PBS.

12.	Resuspend	the	cell	pellet	in	1	ml	N2B27	(from	incubator,	see	“Preparing	N2B27	aliquots	for

gastruloid	culture”-instructions	above)	using	a	P1000	pipette.

13.	Add	a	few	ml	of	N2B27	(from	the	incubator)	to	dilute	the	cells	and	simplify	counting.	We	typically

dissolve	the	cells	from	1	well	of	a	6-well	plate	in	a	total	of	5	ml	of	N2B27.

Note:	the	pH	of	N2B27	quickly	changes	once	it	is	taken	out	of	the	incubator.	It	is	therefore	important

to	try	to	work	as	quickly	as	possible	once	the	cells	are	resuspended	in	N2B27.	Place	the	T175-flask

with	N2B27	in	the	incubator	in	between	steps	to	prevent	the	pH	(and	colour)	from	changing	too	much.

14.	Count	cells	to	determine	the	cell	concentration.	We	use	a	Bürker-Türk	(Marienfeld)	counting

chamber	for	this.

15.	Dilute	the	cells	to	the	required	concentration	in	N2B27	medium	in	a	new	Falcon	tube.

Our	aggregates	are	typically	made	using	300	cells,	meaning	that	we	add	300	cell	to	every	well	of	the

96-wells	plate.	To	achieve	this,	for	every	96-well	plate	we	add	37.500	cells	to	5	ml	of	medium	(to

obtain	a	cell	concentration	of	7.5	cells/μl),	of	which	40	μl	(with	300	cells)	is	then	added	to	each	well	of

the	96-well	plate.

16.	Distribute	40	μl	of	the	cell	suspension	into	U-bottomed,	non-adherent	96-well	plates.	To	this	end,

transfer	the	solution	into	a	sterile	tray	and	distribute	using	a	multichannel	and	DNA	LoBind	tips.	Cover

the	plate	with	its	corresponding	lid.

Note	that	this	pipetting	step	is	more	accurate	(less	variation	in	volume	per	tip)	when	DNA	LoBind	tips
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instead	of	regular	tips	are	used.

17.	Make	sure	that	the	drops	are	in	the	centre	of	the	wells	and	not	sticking	to	the	walls	instead

(gently	tapping	the	side	of	the	plate	might	be	needed	to	achieve	this),	confirm	the	presence	of	cells

with	a	microscope	and	incubate	the	plate	in	an	incubator	(37	°C,	5	%	CO2)	for	48	hours.

Chiron	pulse	(48	hours	after	aggregation)

18.	For	each	96-well	plate,	prepare	16	ml	of	N2B27	supplemented	with	4.8	μl	10	mM	Chiron	(final

concentration	of	3	μM)	in	a	Falcon	tube.

19.	Pour	the	medium-Chiron	mix	into	a	tray	and	add	150	μl	of	this	mix	to	all	wells	using	a

multichannel	and	DNA	LoBind	tips.	Hold	the	pipette	at	an	angle,	push	the	pipette	tips	to	the	side	of

the	wells	and	pipette	the	medium	out	with	some	force	(without	spilling	over)	to	dislodge	the

gastruloids	from	the	plate.	This	is	important	for	reliable	gastruloid	formation.	Place	the	plate	in	the

incubator	for	an	additional	24	hours.

Note:	if	the	gastruloids	are	not	dislodged	from	the	bottom	of	the	place	properly,	try	to	add	75	μl	twice

instead	of	150	μl	once,	so	that	more	force	can	be	applied	without	spilling.

	

Medium	change	(72	hours	after	aggregation)

20.	For	each	plate,	you	will	need	16	ml	of	N2B27.

21.	Carefully	remove	150	μl	medium	per	well	using	a	multichannel	pipette.	Hold	the	pipette	at	an

angle	and	slightly	press	against	the	wall	of	the	wells	to	prevent	loss	of	gastruloids.

22.	Add	150	μl	fresh	N2B27	per	well	using	the	multichannel	pipette,	and	place	the	plate	back	in	the

incubator	for	an	additional	24	hours.	Again,	use	some	force	to	dislodge	the	gastruloids	(you	may	want

to	add	two	times	75	μl	if	the	aggregates	are	difficult	to	dislodge	from	the	plate).

To	generate	gastruloids	that	do	not	form	somite-like	structures:

Second	Medium	change	(96	hours	after	aggregation)

23.	Repeat	steps	21	and	22.
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This	will	result	in	“standard	gastruloids”.	The	protocol	to	generate	such	gastruloids	is	very	similar	to

previously	published	gastruloid	protocols5.	If	the	protocol	is	performed	successful,	these	gastruloids

will	be	similar	to	E8.5	mouse	embryos	at	120	hours	after	aggregation1,4,5.	Such	gastruloids	do

however	not	generate	somite-like	structures.

To	generate	gastruloids	that	do	form	somite-like	structures:

To	induce	somite	formation,	gastruloids	are	embedded	in	Matrigel	at	day	4	(96	hours	after

aggregation).	In	our	hands,	somite	formation	works	best	with	gastruloids	that	are	embedded	in	low

percentages	(10-25%)	of	Matrigel	(option	1).	However,	somite-like	structures	were	also	observed	in

gastruloids	embedded	in	higher	(50-100%)	percentages	of	Matrigel	(option	2).	For	additional	details

regarding	the	effect	of	various	concentrations	of	Matrigel,	see	Extended	Data	Fig.	9c	of	associated

manuscript,	van	den	Brink	et	al.,	Nature,	20207).

Option	1:	Embed	gastruloids	in	10-25%	Matrigel	(96	hours	after	aggregation)

23.	Thaw	Matrigel	on	ice.

24.	Pool	the	gastruloids	in	a	5	ml	low	binding	Eppendorf	tube	on	ice.	We	typically	pool	one	plate	of	96

gastruloids	into	three	5	ml	tubes.

25.	Replace	the	N2B27	medium	in	the	tube	with	fresh	cold	N2B27	(from	incubator,	as	described	in	the

“Preparing	N2B27	aliquots	for	gastruloid	culture”-instructions	above,	and	then	placed	on	ice	in	a

Falcon	tube	for	few	minutes).	Add	3.6	ml	N2B27	per	tube	when	embedding	in	10%	Matrigel,	and	3	ml

per	tube	when	embedding	in	25%	Matrigel.

26.	Add	the	correct	volume	of	Matrigel	to	the	tube	(400	μl	per	tube	when	embedding	in	10%	Matrigel;

1	ml	per	tube	when	embedding	in	25%	Matrigel).

27.	Mix	suspension	well	by	pipetting	up	and	down	a	few	times	with	a	P1000	pipette	from	which	~3mm

of	the	tip	is	cut	off	with	sterile	scissors,	and	distribute	500	μl	of	this	mix	per	well	over	8	wells	of	a	24-

well	plate	(see	“REAGENTS	section”	for	two	examples	of	suitable	plate	types)	using	the	P1000	pipette
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with	the	tip	cut	off.	Mix	suspension	before	pipetting	into	each	well	to	prevent	gastruloids	from	settling

at	the	bottom	of	the	tube.	When	this	procedure	is	performed	correctly,	there	will	be	approximately	4

gastruloids	in	every	well.

28.	Leave	the	plate	on	the	bench	for	~1	minute	so	that	gastruloids	settle	to	the	bottom.

Note:	if	the	plate	is	moved	before	the	gastruloids	are	settled,	gastruloids	will	clump	together	in	the

centre	of	the	well.	To	avoid	this,	make	sure	that	the	plate	is	left	on	a	bench	untouched	for	1	minute

before	putting	the	plate	in	the	incubator.	

29.	Place	the	plate	in	the	incubator	for	an	additional	24	hours.

Note:	if	the	gastruloids	are	still	all	located	in	the	centre	of	the	well,	gently	agitate	the	plate	to

distribute	them	over	the	well	before	putting	the	plate	into	the	incubator.

Option	2:	Embed	gastruloids	in	50-100%	Matrigel	(96	hours	after	aggregation)

23.	Thaw	Matrigel	on	ice,	and	place	a	falcon	tube	with	N2B27	(from	incubator)	on	ice.

24.	Mix	the	Matrigel	with	the	required	amount	of	cold	N2B27	medium	(none	for	embedding	in	100%

Matrigel;	50%	of	the	required	volume	for	embedding	in	50%	Matrigel).

25.	Add	60	μl	of	the	Matrigel-N2B27	mix	to	each	well	of	a	24-well	plate	on	ice.	

We	typically	put	a	metal	block	on	ice	and	place	the	plate	on	top	of	this	cold	metal	block.	Make	sure

that	the	plate	is	cold	before	adding	Matrigel.

26.	Transfer	gastruloids	one	by	one	into	the	Matrigel	using	a	P20	pipette.	To	make	sure	that	only	a

single	gastruloid	is	added	with	as	little	medium	as	possible,	use	a	dissection	microscope	when	taking

gastruloids	from	the	plate.

27.	After	adding	all	gastruloids	to	the	Matrigel,	incubate	the	plate	at	37	°C	for	10	mins	to	solidify	the

Matrigel.

28.	When	the	Matrigel	is	solid,	add	500	μl	N2B27	medium	(37	°C;	pre-incubated	in	the	incubator	for

pH	equilibration	as	described	in	the	“Preparing	N2B27	aliquots	for	gastruloid	culture”-instructions

above)	to	each	well.

29.	Place	the	plate	in	the	incubator	for	an	additional	24	hours.
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Fixation	of	gastruloids	grown	in	Matrigel	(120	hours	after	aggregation)

30.	Add	PBS0	to	the	wells	without	removing	the	medium/Matrigel.

31.	Remove	the	medium/PBS0	and	wash	again	with	PBS0.

Note:	do	not	yet	try	to	actively	remove	gastruloids	from	the	Matrigel	during	this	step.

32.	Incubate	in	4%	PFA/PBS	overnight	at	4	°C	by	adding	~500	μl	4%	PFA/PBS	to	every	well	of	the	24-

well	plate.

33.	Wash	3	times	for	5	min	in	PBS-Tween	(0.1%	Tween-20	(v/v)).

34.	Transfer	gastruloids	to	1.5	ml	DNA	LoBind	tubes	using	a	P1000	pipette	from	which	~3mm	of	the

tip	is	cut	off	with	sterile	scissors.	For	gastruloids	grown	in	10-25%	Matrigel:	some	gastruloids	might

still	be	embedded	in	the	Matrigel	and/or	attached	to	the	bottom	of	the	plate	in	this	stage	of	the

protocol.	If	this	is	the	case,	pipette	PBS	next	to	the	gastruloids	with	some	force	in	order	to	dislodge

them.	If	this	doesn’t	work,	use	a	spatula	to	remove	the	gastruloids	from	the	plate.	For	gastruloids

grown	in	100%	Matrigel:	use	a	spatula	to	scrape	the	gastruloids	from	the	plate	bottom.	Leftover

pieces	of	100%	Matrigel	that	will	that	might	still	be	attached	to	the	gastruloids	after	this	step	should

dissolve	after	the	proteinase	K	digestion	and	the	overnight	incubation	step	in	hybridization	buffer	at

68	°C	in	the	staining	protocol.

Troubleshooting
N2B27	medium	shows	protein	aggregates	that	interfere	with	imaging	experiments.

-	Make	sure	that	the	thawing	instructions	for	N2B27	(described	in	the	PROCEDURE	section)	are

followed	as	closely	as	possible.

-	Consider	filtering	the	N2B27	medium	before	adding	it	to	the	gastruloids.	We	sometimes	filter	N2B27

before	use.	However,	we	have	not	tested	properly	whether	this	filtering	step	interferes	with	gastruloid

formation.

Cells	die	during	the	gastruloid	culture	protocol.

-	Make	sure	that	fresh	N2B27	is	placed	in	the	incubator	the	day	before	aggregation	as	described	in

the	PROCEDURE	section.
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-	During	the	counting	step,	check	if	the	cell	suspension	in	N2B27	medium	changes	colour	(pH).	If	so,

try	to	speed	up	the	counting	step	to	prevent	cells	from	dying	during	aggregation.

-	Carefully	check	that	the	cells	and	gastruloids	are	free	of	bacterial/fungal/mycoplasma	infections.

The	volume	of	N2B27	is	variable	across	the	wells	of	the	96-well	gastruloid	culture	plate.

-	Make	sure	that	DNA	LoBind	tips	instead	of	regular	tips	are	used	to	add	the	cells	or	medium	to	the

96-well	plate.

Gastruloids	do	not	elongate.

-	Make	sure	to	not	skip	the	second	wash	step	with	PBS	during	gastruloid	formation,	as	this	second

wash	step	is	essential	for	the	generation	of	reproducible	aggregates.

-	Make	sure	that	cell	counting	step	has	been	performed	accurately	during	gastruloid	formation,	to

make	sure	that	the	aggregates	are	not	too	small.

-	In	our	hands	gastruloid	formation	is	most	efficient	when	confluency	of	the	2D	culture	prior	to

aggregate	formation	is	around	85%.	The	optimal	confluency	for	gastruloid	formation	may	vary	with

cell	lines,	and	may	therefore	require	optimization.

Gastruloids	are	sticking	to	the	bottom	of	the	plate	during	medium	changes,	and	are	not

easily	dislodged.

-	Gastruloid	formation	is	more	efficient	when	the	gastruloids	are	dislodged	from	the	plate	properly

during	medium	changes.	If	the	gastruloids	are	sticky	and	difficult	to	dislodge	from	the	bottom	during

the	medium	changes,	try	to	add	75	μl	N2B27	twice	instead	of	150	μl	N2B27	once,	so	that	more	force

can	be	applied	without	spilling.

-	It	is	essential	that	the	correct	low-adherent	96-well	plates	(Greiner	Bio-one;	650185)	are	used	to

limit	the	possibility	of	adhesion.

-	Do	not	coat	the	bottom	of	the	96-well	plate	with	Gelatin,	Fibronectin	or	any	other	coating	that

promotes	cell	adhesion.

Gastruloids	are	highly	disorganized	on	day	4-5	and	do	not	form	somite-like	structures	on

day	5.

-	Somite	formation	is	more	efficient	when	gastruloids	are	generated	from	cells	with	a	low	passage
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number.	We	typically	use	LfngT2AVenus	cells	at	a	low	passage	number,	and	start	gastruloid	formation

1	or	2	passages	after	thawing	for	optimal	results.

-	Make	sure	that	the	cells	are	at	~80-85%	confluency	before	starting	gastruloid	formation.	The

optimal	confluency	for	gastruloid	formation	may	vary	with	cell	lines,	and	may	therefore	require

optimization.

-	Make	sure	that	cell	counting	has	been	performed	accurately	during	gastruloid	formation,	to	make

sure	that	the	aggregates	are	not	too	big.

-	Ensure	aggregates	are	moving	freely	following	medium	changes	and	are	not	attached	to	the	bottom

of	the	96-well	plates,	as	this	inhibits	proper	gastruloid	formation.

Matrigel-embedded	gastruloids	are	not	easily	released	from	the	24-well	plate	after

fixation.

-	Use	a	spatula	to	scrape	the	gastruloids	from	the	bottom	of	the	plate.

For	additional	trouble-shooting	guides	and	details,	see	previously	published	mouse

gastruloid	protocols5,6.	

Time	Taken
The	total	duration	of	this	protocol	is	6	days.	Hands-on	time	is	minimal	during	these	6	days.

Making	aggregates:	approx.	30-60	minutes	per	culture	condition.

	Chiron	pulse	(48	hours	after	aggregation):	approx.	10	minutes	per	plate.

Medium	change	(72	hours	after	aggregation):	approx.	15	minutes	per	plate.

Embedding	of	gastruloids	in	Matrigel	(96	hours	after	aggregation)	:	approx.	30	minutes	per

plate	for	embedding	in	10-25%	Matrigel;	approx.	60	minutes	per	plate	for	embedding	in	50-100%

Matrigel.

Fixation	of	gastruloids	grown	in	Matrigel	(120	hours	after	aggregation):

-	Transfer	to	PFA	(120h	after	aggregation):	approx.	60	minutes	per	plate.				

-	PBS	washes	and	transfer	to	eppendorf	tubes	(after	overnight	fixation):	approx.	60	minutes	per	plate.

Anticipated	Results
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Anticipated	results	for	the	formation	of	gastruloids	that	are	cultured	in	Matrigel-free	conditions	have

been	described	in	detail	in	previous	gastruloid	protocol	publications5,6.

Gastruloids	that	are	embedded	in	10-25%	Matrigel	at	96h	after	aggregation	should	form	clearly

visible	somite-like	structures	at	120h	after	aggregation.	These	somite-like	structures	can	already	be

observed	with	standard	cell	culture	microscopes,	although	they	are	more	clearly	visible	after	staining

with	somite	markers	such	as	Uncx4.1	or	Tbx18.	For	examples	of	gastruloids	with	somite-like

structures,	see	Figure	3	and	Extended	Data	Figures	9	and	10	of	the	publication	that	is	associated	with

this	protocol	(van	den	Brink	et	al,	Nature,	20207).	Note	that	with	this	protocol,	50%	of	the	gastruloids

generate	such	somite-like	structures.

Gastruloids	that	are	embedded	in	50-100%	Matrigel	can	also	form	somite-like	structures,	although

these	somite-like	structures	are	harder	to	distinguish	and	are	formed	at	a	lower	frequency	than	in

gastruloids	that	are	embedded	in	lower	percentages	of	Matrigel	(for	details,	see	associated

publication7).
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