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Table	S1.	DNA	oligonucleotides	used	in	the	study.	T7	promoter	sequence	is	in	red,	
gap	sequence	is	in	blue.	
	
	

DNA	oligo	template	for	
shRNA	synthesis	

	

	 	

GFP	sense	 TAATACGACTCACTATAGAAGATGGAAACATTCTTGGATTCAAGAGATCCAA
GAATGTTTCCATCTTCTT	

GFP	a-sense	 AAGAAGATGGAAACATTCTTGGATCTCTTGAATCCAAGAATGTTTCCATCTT
CTATAGTGAGTCGTATTA	

HyYap1	sense	 TAATACGACTCACTATAGACCTCCTCCGTCTCTAGATTCAAGAGAATCTAGA
GACGGAGGAGGTCTT	

HyYap1	a-sense	 AAGACCTCCTCCGTCTCTAGATTCTCTTGAATCTAGAGACGGAGGAGGTCTA
TAGTGAGTCGTATTA	
	

HyYap2	sense	 TAATACGACTCACTATACGACAAGACTCAGACACTGTTCAAGAGACAGTGTC
TGAGTCTTGTCGTT	
	

HyYap2	a-sense	 AACGACAAGACTCAGACACTGTCTCTTGACAGTGTCTGAGTCTTGTCGTATA
GTGAGTCGTATTA	
	

HyYap1	scrambled	sense	 TAATACGACTCACTATAGAGCCCCTTAACGCTTCTCTTCAAGAGAAGAGAAG
CGTTAAGGGGCTCTT	
	

HyYap1	scrambled	a-sense	 AAGAGCCCCTTAACGCTTCTCTTCTCTTGAAGAGAAGCGTTAAGGGGCTCTA
TAGTGAGTCGTATTA	
	

HyYap2	scrambled	sense	 TAATACGACTCACTATAGGTCAACCGCTCATAACAATCAAGAGATTGTTATG
AGCGGTTGACCTT	
	

HyYap2	scrambled	a-sense	 AAGCGAAACCGCAACATGACTTCTCTTGAAGTCATGTTGCGGTTTCGCTATA
GTGAGTCGTATTA	
	

HyLATS1	sense	 TAATACGACTCACTATAGGTGTCAAGCGTTCTTACTTTCAAGAGAAGTAAGA
ACGCTTGACACCTT	
	

HyLATS	a-sense	 AAGGTGTCAAGCGTTCTTACTTCTCTTGAAAGTAAGAACGCTTGACACCTAT
AGTGAGTCGTATTA	
	

HyLATS2	sense	 TAATACGACTCACTATAGACCAAGAGCAAATGAGAATTCAAGAGATTCTCAT
TTGCTCTTGGTCTT	
	

HyLATS2	a-sense	 AAGACCAAGAGCAAATGAGAATCTCTTGAATTCTCATTTGCTCTTGGTCTAT
AGTGAGTCGTATTA	
	

HyWnt3	–	1	sense	 TAATACGACTCACTATAGCAACGTAAGTGGAACTGTTCAAGAGAACAGTTCC
ACTTACGTTGCTT	
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HyWnt3	–	1	a-sense	 AAGCAACGTAAGTGGAACTGTTCTCTTGAACAGTTCCACTTACGTTGCTATA
GTGAGTCGTATTA	
	

HyWnt3	–	2	sense	 TAATACGACTCACTATAGTTGACGGTTGCGAACTTATCAAGAGATAAGTTCG
CAACCGTCAACTT	
	

HyWnt3	–	2	a-sense	 AAGTTGACGGTTGCGAACTTATCTCTTGATAAGTTCGCAACCGTCAACTATA
GTGAGTCGTATTA	
	

DNA	oligos	for	qPCR	
analysis	

	

HyYap	F	 ATTTGCCAGAAGGTTGGGAACGTG	

HyYap	R	 TGTTGACGATGACGCTTCTCTTGC	

HyLATS	F	 GGTCCTGGAGCCTATGCGTT	
	

HyLATS	R	 GCAGAACGCTTTGCAGGTGA	
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Figure S1
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Fig.	S1.	(A)	Alignments	of	predicted	Hydra	Yap,	LATS	and	MST	proteins	with	
Drosophila	and	vertebrate	homologues.	Characteristic	domains	of	proteins	are	
underlined:	WW	–	tryptophan	containing	domain	that	binds	specific	proline-rich	
sequences,	STKc–LATS	–	catalytic	domain	of	LATS	family	of	serine/threonine	
kinases,	STKc–MST1/2	catalytic	domain	of	MST	family	of	serine/threonine	
kinases,	MST1-SARAH	–	apoptosis-mediating	SARAH	domain	of	MST1	proteins.	
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Dm	–	Drosophila	melanogaster,	Mm	–	Mus	musculus,	Hs	–	Homo	sapience,	Dr	–	
Danio	rerio.	(B)	Phylogenetic	tree	of	Yap	family	proteins	based	on	the	complete	
protein	sequence,	Maximum	Likelihood	analysis	(100	bootstrap	replicates,	
bootstrap	values	are	indicated	for	each	node);	predicted	Hydra	homologue	of	
Yap	is	underlined;	Hs	–	Homo	sapiens,	Mm	–	Mus	musculus,	Nv	–	Nematostella	
vectensis,	Hy	–	Hydra	vulgaris,	Dm	–	Drosophila	melanogaster;	XM_012699973,	
XM_002162025,	XM_012702268,	XM_012698063,	XM_012706768	-	sequences	
that	came	at	the	top	of	BLAST	search	of	Hydra	nucleotide	databases	for	Yap	
along	with	NP_001296578	(HyYap)	and	encode	homologues	of	WW	domain	
containing	proteins;	sequences	were	aligned	with	Clustal	Omega	
(https://www.ebi.ac.uk/Tools/msa/clustalo/)	and	analyzed	using	Akaike	
Information	Criterion	(http://www.atgc-montpellier.fr).	(C)	Phylogenetic	tree	of	
LATS	and	MST	families	based	on	the	complete	protein	sequence,	Maximum	
Likelihood	analysis	(100	bootstrap	replicates,	bootstrap	values	are	indicated	for	
each	node);	predicted	Hydra	homologues	LATS	and	MST	proteins	are	
underlined;	XM_012702323,	NM_001309671,	XM_012701027,	XM_002155754	–	
sequences	that	came	at	the	top	of	BLAST	search	of	Hydra	nucleotide	databases	
for	LATS	along	with	MW650881	(HyLATS)	and	encode	homologues	of	
serine/threonine	protein	kinases;		XM_002167407,	XM_012700498,	
XM_002165989,	XM_012704879,	XM_002170224,	XM_012702641	-	sequences	
that	came	at	the	top	of	BLAST	search	of	Hydra	nucleotide	databases	for	MST	
along	with	MW650879	(HyMST)	and	encode	serine/threonine	protein	kinases	
(S6,	MINK1,	Pak,	PKA);	sequences	were	aligned	with	Clustal	Omega	
(https://www.ebi.ac.uk/Tools/msa/clustalo/)	and	analyzed	using	Akaike	
Information	Criterion	(http://www.atgc-montpellier.fr).	(D)	Western	blot	
analysis	of	total	Hydra	lysates	with	anti-HyYap	serum	preabsorbed	with	either	
GST	or	HyYap-GST.	Lysates	are	made	from	either	3	animals	(lanes	1)	or	1	animal	
(lanes	2);	asterisk	indicates	a	52kDa	band	corresponding	to	the	predicted	full	
length	HyYap	protein	(46	kDa,	accession	number	NP_001296578),	the	
differences	in	the	molecular	weight	may	be	due	to	phosphorylation.	For	the	
loading	control	the	same	blot	was	immunostained	with	actin	antibodies.	(E)	
Lateral	view	of	Hydra	ectoderm	immunostained	with	anti-HyYap	serum	
preabsorbed	with	HyDs-GST	or	with	HyYap-GST	antigens.	Arrows	point	to	the	
nuclei	of	ectodermal	epithelial	cells;	schematic	drawing	of	the	lateral	view	of	
Hydra	ecto-	and	endoderm	is	shown	on	the	left.		
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Figure S2	
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Fig.	S2.	(A)	GFP	hydras	electroporated	with	shGFP	5	days	and	4	weeks	after	
electroporation.	Arrows	point	to	the	areas	of	GFP	knockdown.	Different	animals	
are	shown	in	two	panels.	Reduced	expression	of	GFP	is	still	visible	4	weeks	after	
electroporation.	(B)	Apical	view	of	ectoderm	of	GFP	hydras	electroporated	with	
shGFP/shHyYapscr	hairpin	and	immunostained	with	anti-GFP	and	anti-HyYap	
antibodies.	Arrows	point	to	a	non-specific	staining	of	nematocyte	capsules	that	
is	observed	for	a	variety	of	antibodies	when	used	Hydra	immunostaining	
protocol.	(C)	qPCR	analysis	of	HyYap	in	GFP	hydras	electroporated	with	either	
shGFP	or	shGFP/shHyYap.	4	animals	for	each	condition;	two-tailed	unpaired	t-
test.	(D,	E)Western	blot	analysis	of	total	lysate	from	GFP	hydras	elecroporated	
with	either	shGFP	alone	or	shGFP/shHyYap,	1	animal	per	lane;	n	–	number	of	
animals.	For	the	loading	control	the	same	blot	was	immunostained	with	GAPDH	
antibodies;	two-tailed	unpaired	t-test.	(F,	G)	Apical	view	of	Hydra	ectoderm	
electroporated	with		shGFP/shHyYap,	pulse	labeled	with	EdU	6	days	after	
electroporation	and	immunostained	for	GFP	and	EdU;	(F)	–	GFP+	area,	(G)	–	GFP-	
area;	arrows	point	to	epithelial	cells;	images	are	taken	in	the	body	column	areas.	
Only	ectodermal	epithelial	cells	express	GFP	in	GFP	Hydra,	therefore	not	all	cells	
are	GFP+	in	(F).	(H)	Graph	shows	ratio	between	numbers	of	EdU+	ectodermal	
epithelial	cells	in	GFP+	and	GFP-	areas	in	GFP	hydras	electroporated	with	either	
shGFP	alone,	shGFP/shHyYap	or	shGFP/shHyYap	scr	and	pulse-labeled	with	EdU	
6	–	7	days	after	electroporation;	EdU+GFP+/EdU+GFP-	ratio	was	calculated	for	
each	individual	animal;	the	total	of	60	–	200	cell	was	used	in	analysis	of	each	
animal;	n	–	number	of	animals;	two-tailed	unpaired	t-test.	(I)	Graph	shows	the	
intensities	of	HyYap	immunostaining	in	nuclei	of	tentacles,	body	column,	
budding	zone	and	a	peduncle	normalized	for	the	projection	area	of	nuclei	and	
the	intensity	in	the	body	column;	n	–	number	of	animals,	N	–	number	of	nuclei;	
two-tailed	unpaired	t-test.	(J)	qPCR	analysis	of	HyLATS	in	GFP	hydras	
electroporated	with	either	shGFP	or	shGFP/shHyLATS.	Each	point	represents	an	
individual	animal;	one-tailed	unpaired	t-test.	
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Figure S3	
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Fig.	S3.	(A)	Schematic	drawing	of	the	construct	used	to	generate	HyYap-DsRed	
transgenic	Hydra.	(B)	Photos	of	live	HyYap-DsRed	hydras.	Arrows	point	to	the	
thick	tentacles.	(C)	Lateral	view	of	the	ectoderm	of	HyYap-DsRed	Hydra	
immunostained	for	HyYap	and	DsRed.	(D)	Budding	rate	of	control	and	HyYap-
DsRed	hydras	shown	as	the	number	of	buds	produced	by	a	single	polyp	over	
time.	(E	–	F’)	The	stem/progenitor	marker	HyWi	is	not	detected	in	either	control	
(E,	E’)	or	thick	(F,	F’)	tentacles,	arrows	point	to	undifferentiated	interstitial	cells	
expressing	HyWi.	(G)	Lateral	view	of	the	ectoderm	of	HyYap-DsRed	Hydra	
immunostained	for	DsRed.	Double-headed	arrows	indicate	the	apico-basal	
dimension	of	transgenic	and	wild	type	cells.	(H)	Lateral	view	of	ectoderm	of	
HyYap-DsRed	Hydra	immunostained	for	DsRed.	Double-headed	arrows	indicated	
the	apico-basal	dimension	of	transgenic	and	wild	type	cells.	(I	-	K)	Lateral	view	
of	the	ectoderm	of	HyYap-DsRed	Hydra	immunostained	for	DsRed	and	
phalloidin.	
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Figure S4	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Fig.	S4.	Low	magnification	transmission	electron	microscopy	images	of	wild	
type	and	shHyLats	ectoderm.	(A,B)	Images	of	body	column	and	tentacle	tissue	in	
wild	type	polyps;	(C,D)	Corresponding	images	of	shHyLats	polyps.	One	
representative	ectodermal	epithelial	cell	is	colored	in	orange.	The	mesoglea	is	
colored	in	yellow.	shHyLATS	thick	tentacles	show	a	dramatic	expansion	of	
ectodermal	epithelial	cells	in	along	their	apical-basal	axis.	They	generally	exhibit	
a	higher	volume	of	intracellular	vacuoles	indicating	that	their	osmoregulation	is	
affected.	(B)	Wild	type	epithelial	cells	in	the	tentacles	(called	battery	cells)	
incorporate	differentiated	nematocytes	(stinging	cells;	green)	mounted	at	their	
apical	membrane	and	a	sensory	nerve	cell	(blue).	(D)	Tentacle	epithelial	cells	in	
shHyLATS		thick	tentacles	also	exhibit	incorporated	and	fully	differentiated	
nematocytes,	but	these	are	usually	not	mounted	at	the	apical	membrane.	In	
addition,	these	cells	show	interstitial	precursor	cells	(violet),	which	are	not	
occurring	in	the	tentacles	of	wild	type	polyps.	Furthermore,	shHyLATS	polyps	
exhibit	major	disruptions	of	ectodermal	basal	muscle	fibers	and	mesoglea	
structure	as	discussed	in	detail	using	high	magnification	images	in	the	main	
paper	(see	Fig.	4).	Size	bar:	20	µm.	
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Figure S5	
	

	
	
Fig.	S5.	Map	of	the	HyWnt3	promoter	region	indicating	TEAD	binding	sites.		


