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Fig. S1. Phylogenetic analysis of classical cadherins. Extended version of the tree
in Fig.1. Dachsous cadherin proteins were used as an outgroup. The phylogenetic tree
was constructed with the maximum likelihood method in IQ-tree. The number at the

nodes indicates the bootstrap support from the maximum likelihood method.
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cdh3

I

cdht

Fig. S2. cdhl and cdh3 expression in adults and juveniles. (A-B) cdh3 is expressed
in the ectoderm of the pharynx, septal filaments and ciliated tract and in the oocytes.
(C-I) cdhl is expressed in the endoderm, ciliated tract, ciliated lobe of the pharynx —
siphonoglyph and small oocytes. Scale bar A-D, I: 100 pm. Scale bar E-H: 50 um.
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MSAGRLAAVLTTPLLFLSLLKTFQLAKAQDTLIEVNFDEGRPARSSVYLFDSS-SGDVFS
-=MGLDGSASLGFLVLFTLLSSLTITGHAQTIESASVPENEPEGFRVFSFPSPPSNEIYS

* L. LS R A B HE S T kg k ok ok ggg%
LYQA--—--DPTVPLLFQISEVGHVTSTQEIEYEIGKTNKYDLTVLQRPRGETLGGIAITL

FFRALDTASQSALRLFDISEDGVVVTKNPLVYTDGEENLYVLTVLRROQRGMTEGGIAWTL
ST L 3. kkykkk Kk k_3.: 3 k kg Kk k hkkkkgk kk k kkkk k%
RITILDVNNFHPVFQLSQGEHYEGFVKEGTAENTIVEGLEQCHATDRDTSGIRGYSIISG

RITVTDTNNFQPTFGA---DLYLGYIAEEAAQGTTVGGLEKCHAEDKDRSGIDRYEIVSG
kkky K Kkkkgk K § 0k kgp Kk ghkg kK Kk Kkkgkkk kgk kkk Kk kgk*

NEKGYFKVETVQIGSGVTSRKFLVLKTTGKPIVRDDNNPYIMLTVQOVTDGGNPSHSGTAN

NERGYFVAETKTVG----AQKFLVLKATNTRIVRDPARPSITLTVRANDGGGL--HGTTR
kkgkkk Kk gk sakkkkhkk gk, | kkEK Kk Kk kkkg KKk, *ky

IRVNVEDANDQTPVFESSQYRETIAENTPIQTSVLRVRATDKDDGTNGGIYYYMKNPVNS
IQIDIQDTNNNPPVFEKSEYTVTVGEDTPVMTSILRVRARDADIGRNGGIYYYLRNTQ-~-

Kesassskakas khkhk kek ke Fakks whakhhkhRk Kk k Kk Khkhkhhhks o
YFTIDAITGVIRVAKTLDYNARDKHTLYISARDRGDPPRTSAEATVEISLRENIQGWPLP
DFTIDAITGVIRPIRMLDFQSGQORTLEVTARDRGSSPKAA-NVNVQVTIRSDISGYPPV
kkkkkkkkkkk s Kkksss ssekk sekkkkk  Kksss 2 kessssk sk khak
Cdh3 antibody 1
DS--ADPKENTKPYFP-QSRYTFSIREDFPPKGALLVMRAADNDPIGPNKRLRYSLSGNG

VVPSSSSDRNRPPVFPEGSSFTLSIREDFPVNGAIQVVKANDPDAGSTNGQLRY SLSGN-
* Kk kk h skykkkkkkk ghky kgpaik k k. k gkkkkkkkk

VSKFAIDPESGVVTLTDSVDYENTPNNHVYDLTVTATDQ--GPGSLSATTQLLIEIQDVD

=NNFAIDSTSGVVTLQTQLEYKGNPAQDVIDLVVTATDRNGQSGALSASVNLKIEVLDVD
JikkkE  kkkkk*x saki, .k 3, Kk Kk kkkkkg Kokkkg 3k kkgy kk%

ENKNSPRFDPQQAILEISENLKONSLVTTVSATDSDSVGNPSSPDGKVVYSIVGGTGLGV

DNNNAPVFNPQQLELTVSEDSAVGRTIRRVSATDSD————- DGSDGQVVYSIIQGSGLGV
skekak kekkk kK gkkg .1 kEkEkKRERKK Kkykkkkky Kakkkk

FRVDSNTGEVKVAVPSLDREGTSQYTLVVKASDNATFPRSSRLFLMINLLDEDDNFPYFS

FQVQATTGDLIVAAP-LDREKMSFYDLVIKAEDKATFPKSSNLYVMVKIQDVDDHFPQFT
kakas hhas Kk Kk Kkk¥k * k kkaskk Kakkkkhaikk Kserksae k kkaskk kg

QPIYIAQVPENQPSGTFVTVVVGRDADEGFNPSYTVITPGVPYKIEPSTGVIRTSKSLDQ
QPMYYAKAPEKSPENTFVTVVKVVDHDLGESVSYSI-TGASSFKIVPTSGLILTTGPIDL

kkak ke kks kL khkkkhd * ok k| kkss k| k% Keeskak K Ed

SEL-STRELQVIV-RVSTAGSKTADGQVNITVISKVNRPPVFKNTPYSVKVPEEMGPLPN

TTEPSTYELVVTATSTNYGTTKRATGQVNVEITSKTESPPVFKNTPYAVSVPENQGSIAN
: kk kk ok sk ok kkkky 3 Rk, 3 RRKRRRKRR K kkkg Kk 3 &

LFCIAAVDSLSRPVQYTLAPGADGLFEVDKDSGRLHTKNSFNYENVDRYNLRIEARTSSV
LVCVAAIDTKGQPVIYSIESRG-EPFGIDSKSGRFSSLOSFDYETADKYRIQISAQSGTA
* kgkkgky gkk gy * sk, kkks s skkskk _Kkek _ sak kg
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Cdh3 antibody 2
QEVA--SASLTVEVTEEKDLPKFSSDSYQLTVDESAAPGTTLAPGLLIIDSDTSSDQFDC

PNIMTSSSDVAITIKDEKDPPQFSQSEYKVSVPEDASVRSTLSRGIRFVDEDTLSTQLEC
. *:_ sss 3,3 : JKpgek k kg akkg kg gak Kk Kk kgek

SMEAITSLHTLYNFEVTQQSGRCFLRVQAGGKLDAHLASKYTFNVRATDRNFRNMFATAQ
SMEEMTSRIPLDYLSVVQDGGECKFVIE--KTLDTFVASKFTFDMKVTDKNFPGMFATTK
*kkhk k% * sk ke k k2 e JERF s skkkekkser Fhekk _Khkkkaos
VEVNVIDVNDHKPEFLQESYWLSVPSSTPAGSSLVTVQAEDMDIGTNAQVRYELLRQEN-
VEVIVIDTNTYTPVFSRTSFWASKPDTLPTDTSVMQLSIIDKDMGSLGEVTYQLIDPTVS

kkdk ok ok ok 2k Kk 2 kaek Kk Kk e ks skas = * kaks sk Kaike
—————— SERFILNDNNQLSTASTLTPNVRYQLLIRASDSATRNPSSAQVPVYVSVYSPSE
AGETSGYDRFRVDDSGMIESTNILTANTLYKLQAKAKDGGS-PALEATVDVFISVYPSSD

H kA A S L P L L O | JH Kk kgaokkk kg
SPIVFDKSSYNQNLPEDSSANTLVFTAKATRSGSSSGITYELVGGYKQIGEAMFSIKPDT

TPVRFSQNPYSASIAENSPLNTEVFRATATKSGSSSGIAYSLVGGQIENGNTMFSIDS-S
ske k3, * 1 okak  kk kk Kk kkghkkkkkkksk Kkkkk 3 kgskhkk

GOVYLIKKLDFETKSYFPIAVRAKYSGGAIELASEVVAKVTIVDVNDNGPRFAFHESSKT

GRVLLLROLDRERTKSYKLYVRGTIYTGGSLTLATDVECLVTVTDVNDNTPLFTFDRVNKQ
kak kygakk * s s kk,  kakkgs Kkgak kks kkkkk Kk K3k *

VVIDSFSAKDTQLVQARALDADSGSLGEVTYGIDGGRSTSNLPFNINVKTGMIFATREIL
FVVDNYAPANTIIATLRAVDSDEGANAQVTMSIQGT-VPSNAPFTIDTPSNVLKTTTKLS
P I ] HE Fhokgk kg ahk koK ¥k kk ks, .33 R o1

YTOGSSYIIIVVATDGATDGSQKIQKFTVNVQVLDTPRPPSFPQKTYSAPVTETAGVGDT

—-TVIDYQITVRATDKG--SPPQYSETTVIVKVLNIQTPPVFGQAKYTVDVQENTKVGQQ
LK K K kEkk T .1 Kk kgkwg K%k Kk Kk Ky, Kk Kk_3 *kg

VTTVRAVYSKPNAFLKYTFVSGNEDNTFCVNGFGIISVAKSLDREKVAGYTLGMRVTLGOQ
VISVKATYGDSNGLLQYSFVSGNLGDAFCIDSSGQITVAQPLDREVLPSYTLRVRVALGN

* skedk k| ok skakadkhkhkhk | sekkas 0k kakks khkkk s khkk skhkshkks
HVDDTTVYVNLTDINDDAPHFTSATIYRRSIKEGLAEDTEILPPVIAVDHDFGSNGKILYS

NEDFTEVFVSLTDINDDSPTFTKSVYEFFANEDISSGTS-IGKVAATDRDSGSHGQISYR
s ok ok kak kkkkkkkak Kk, gk, sk ¥, 3k k_kak Kkgkgk K

ILSGVHPDWDKYFNIDSATGKIT--TKMTLDYETHKSHTLFIRAEDNGSPKRLSGIAQVD

FLYASDIQSMDKFDLDQTTGIISLASGKSLDYEDISMHVLFVRAEDNGAN-KLSAIAEVR
L] . kask skk k3 3 skkkk | Kk _kkskkkkkks skk hkgk

IDVIDRNDNSPVFAAAFYRAKISLGAVKGTSVLOVHATDLDSGONGOITYSITIQGNEEEA
IYLRDINDNDPKFSAASYHAKLSLDAPVLEHVVQVTATDLDTANNGRIRYSIVAGNQEGA

* 3 k kkk * ksgkk kgkksgkk % kakk kkkkka skksk kkkg kkpgk X

FTI-NEQGVILVDKSLTTVAADKFSLKVEARDKNASPRSGSVTVEINVYLPDGPPMFVVS

FOQVLTDNGLIRVAKSLTTVAASSFLLTLEAADSGDPERKGSVNVQVNVFLPDGPPKFVLD
K 3 L pikik kK KRKKKKKRK, Kk K gkk K k KkKk KyggkKgRKkRKRKF Kkg
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X gk KKEKRKKRKKK Kyprhkk KAKRXARK;E * LiEKKKER . X 2k K

VITRLGAFDRD-GDEITFIVPDDVKDLFKIDSRGVVTAKKPIEDLPKIYPFNVKALDNGE
-~ATRLTAVDKDIGDRVYYKISIEAENYFTIDERGQLICKNDLKGIASPFRFTIEARDGGL

hkk & gk R, 3 3 3 $e233 W Nk Rk 3 K3 3.2 o 3 F 33w R N

PPQETDVKVRLVFVHYRPDQKHVRVNVREDTPTGSVIATVRRYFPNGIVSLLLPEKANFS
PQKVHTANVLLVFVKYRPKQQPVRVTVPETTRAGTVITRVPRYFPTGEFSIVYPENTNFT
* : 'gﬁ .t":ﬁti_.g i't.' L =t=l.= - tiﬁl.' _t:: .i::.t:
VRANGDVILLTPLDYESQQFHRMTVREEL~~GNQTNDVDVEVVVLDVNDNRPIWMERERL
IDNDGNVTLNRPLDYEEIAFTLITVREKQASGPLENYIDVEITVLDVNDNAPVFTMISTL

T ahak ok kkkRR . Kk skkhkg * * o oghkky kEkAAEK Ky *
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KA RERKKE sk KsREK K KK Kkgkpkkg * EkK EKEK
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shE Wy Kk Rk RAhkE X *:11: 1ok RR k2 kE K kR
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I L
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LTSLDRENKDSYNAIIKAEDGSSKQDESERLLWYCYLTINVEDVNDNRPYFLAAKYFGSV
TSSLDRETKATYTVIITAEDGGHGKDPAERLMSYCFLEVEVQDVNDNYPSFITRAYLGSI

shhkkhkk ® ok kk khkkk $® shkk: Rkak sokekRkhkhkk Kk koo *akk s

FSSAPNGSNILTVQATDADSGSNAKIKYALLDSAGGLFRLDSSGILRTNTNPARLQLETG
ONTKPIGTSVLTVSATDPDAGDNAKITYAFKSPNDKFEIDSTSGDIRTKVALTGTK-~--D

o3 W Mg sRRR _ARW Wk AhRd R [, 2 eSRN WA, H : .
KKLLLEVSAKDVESIAGTQPGKPTKYTTQIEILVSNEEPPKFSQQVYTASINENMETGST
VNEKMTVVASNTEAIQGGDAN-NRDRETEVTIYITDLAPPVCDKNLFTARILESLSVNSD

. T W ke kW w e wes W 23 - w s w W . *

- . -se - - .. - “ s e

VIRITATSSTGAEISYENVDTNPRAKILFRVQPDGYIITGDRPDYERG=~~~TTYNMQFA
VLKVSAQAPGGKSIVYSPVKANADIDEKFSVETNGQIKTASQLDYEQLSPGDKTFKLQVR
* g33% g ok Wk, W g o % W3 % % &, 3 *hN; o¥gge¥w,

AKDKKTLLYSTVKVVINIIDVNDVSPAFLLAINTRNARVLENKPAPTKVISMKAIDDDGS
AQEENTNLYSTCSVAITLEDVNDDKPTFDLG~~NYDARVRENAPIGTTVITIKATDRDTG

krsssk kkkhk %k Kk 2 kkkk Kok * k% k% *x * kkaakk * &
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T3 WREghR _Rw K T MR ks WhkWahg: KRR NakahkE: KERK AN

PEGKFSIVTS~~~~PVKGELVVNGKLDFETKSSYTLEVTATDGKFSDTAVVTVTIQDVND
GRFWFAVQTISKSGRTYGEVQVDARLDFETKSSYTIDVTATDGRFSATTRVLITITDAND

. LEE o Fhg Ky XK AATRAAAK s XAARAX AR Ky * ahE kAN
LPPVF === ———— SSPLYESRIQENTGPGAGVVMVTASDIDSPTISFSLDDRGKDYFQIT
IVPMFMTLTTPTLLSPIYTGRVSEMTGSGVEVLKVYAVDTDSPNIQYTLEGSS~-SYFTI~
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Cdhl CEP-LMARDSICVCNPGYSGKHCDGRGKASYYLASSFTEYLVAARRRRREVVPPPTEIFN 3889

Cdh3 CEPSLMAGKSMCVCDLGYTGRACNDRSEANYYLENSFSQFLLTGIRARRELIQPPVPLMN 3880
kkk hhkk  Kekkkg Kkeka ks Kk ek kkk  kkhksaeskhzs, kK kkkas kk ek

Cdhl RFYTTLALQVKLDEDATNVVVFLASNRMGTEFQRVDVKDSKIRYVLRLGARMLVLSFPQL 3949

Cdh3 EYYTHINLQVKLDPGTKDCVLFLSSNSLGTEFNRLDVKDHMLRY IFRLGDRMKVLSIPQY 3940

LkE o kkkkRR hakkgkk ghkkkgkakkkk  skkgakkk Rk Rkkghkk

Cdhl NVTDGVYHSVIVRRHGDYAIMQLDYSGYVIGSLHSQRTLLDMSGGEIFSGGLPNITIVRI 4009

Cdh3 NISDGKYHSVMVNREGNYAEMQOIDYRAKMAGTTGGVQKLLNMGGGSIFTGGLPNITEVRV 4000
keskk khkkkek Kk khekk kkekk | o+ ks . S kkak kk kkskkkhkkkk hkgs

Cdhl IEAIVENDGSAVISTNVRN-—-DG-——=DGYAAD————— e e 4036

Cdh3 VEAIVQSGGDVILRTEDGKVLTSGIGVGGGMSFGAGSSVTLITIGSGVLTQRNILDSQSL 4060

thikkkg, ok, 20 *3 2 o F oo,

Cdhl ~ @ VGGVHVR-—————————— N 4044

Cdh3 FVRGIYKNGTVLYGSSSSSTFGMNVDDQGIPFKSSDTSSNGNGGVQISQGNPMTYGAGIQ 4120
kkkae :

Cdhl LOLSGPLNLVSRKRRASGTVSVLGDFGGCIAGTSVNGANMESDPSIKVHRONVLDGCPCL 4104

Cdh3 WTLSNPGRTQVGAGNSGGAVEVIGDMEGCTATNRFQGVSLEDSPDVEVRROQNVRKGCPCA 4180
*%k ok Dt sk Kakke k% k| 2k sk ok sekskkhkkk _dkkikk
transmembrane

Cdhl SNFCANGGTCVDAMPPYCICAPGWTGPLCTIVVTAPPVGER-GTPFMHPAVIAIILVVML 4163

Cdh3 EGFCENGGTCVDGTPPYCLCSPGWTGPTCVLIVTAPNPGQRPGSRVVSPFVIACVAVVLL 4240
W FR kEkkkhhR | ARk wkskakhRhkRkE Kk s ekRkwd hak ks s kK kEkk 2 kkek

region Cdh1 antibody 3 (against intracellular domain)

Cdhl AIFIIMGAVILKRRPEPVVVYADSTDTGHVHDNVRLYHDDGGGEEDNLGYDITKLMKYTY 4223
I ——

Cdh3 AVMVIMGAVLLKKRTPPPVI-PVMVEDGHVHDNIRPYHDEGAGEEDNFGYDITQLMKYTY 4299

I
Kesakkkkkaskkask * ka3 kkkhkk ok kkkask dhhkkkskkhhkshhhkkk

Cdhl IETTIAPPSVAPSK-—————————— ———— ——————————————— ASEDKISTSSDQPLLQ 4253

cdh3 \joleleiey (elelelelelen(eleleleleler (el [eh el VATEI NGV o e el (e el e f AU A A o 4 2 A Lo SR LT
Hed . . HPE S R I X

Cdhl GRPPDAV--FGLTGKEPGPKMPRKYMEGDDVGDFITTRVKITDREVFLAVDELHIYRYEGD 4311

Cdh3 GAMEGYGQQHGIIT--ITRRRMMNADSVDVGNFINSRVGEADREYILSYDALHIYRYEGD 4417
* . Lk : s, khkkgkk skk  gkkk sky Kk khkkkkkkhkok

Cdhl DTDVDDLSEIEPDEE-DEEYEQEFDFLKQWGPKFDKLAKLYEDVDE 4356

Cdh3 DSDIDDLSELGSDDEGGDDAEQSFDFLODWGRKFENLNKIYNLDD- 4462

keskakkkkke * sk 22 kk Khhkkkpekk kkask ksks *

Fig. S3. Protein alignment of the full-length sequences of the Cdhl and Cdh3.
Cdhl and Cdh3 antibody epitopes and transmembrane protein regions are underlined
and recognized with the colors. Transmembrane regions were identified with the
SMART protein domain annotation resource. Alignment was performed with the

Clustal Omega Multiple Sequence Alignment tool.
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antibody1 antibody2 antibody3

Cdh1

antibody1 antibody?2

Cdh3

Cdh3, surface

Fig. S4. Custom antibodies generated in different animals against different
protein domains result in the same staining pattern. Cdhl antibodyl:domainl
(extracellular) and Cdhl antibody2:domainl were raised in rats; Cdhl
antibody3:domain3 (intracellular) was raised in a rabbit. All three custom Cdhl
antibodies show the same staining result. Monoclonal Cdh3 antibodyl and Cdh3
antibody2 were generated against different Cdh3 peptides and result in the same

staining pattern.
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Fig. S5. TEM of the ectoderm of the apical organ. (A,B) Apical side of the
ectodermal cells of the apical organ. (C) Basal side of the apical organ ectoderm. AJ
apical junctions; Ec ectoderm; BP basal protrusions; BM basal membrane Scale bar

A,C: 5 pm. Scale bar B: 1 um.
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actin R-Catenin R-Catenin

lateral section

cross-section

Fig. S6. p-Catenin is localized to the apical and basal adhesion junctions of the
body wall ectoderm. B-Catenin antibody and phalloidin staining of vibratome
sections of the 4 day old planula to exclude a possible penetration problem of the [3-
Catenin antibody. Please note that in vibratome sections, the B-Catenin antibody
detects the basal junction in the ectoderm, but has a tendency to show unspecific

staining in nematocytes and other subcellular structures. Scale bar 50 pm.
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2 days planula 4 days planula
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ectoderm

endoderm

Fig. S7. TEM of the apical adherens junctions of the ectoderm and the
endoderm. (A,B) ectoderm, 2 dpf planula; (C,D) endoderm, 2dpf planula; (E,F)
ectoderm, 4 dpf planula; (G,H) endoderm, 4 dpf planula. Scale bar 2 um.

surface |D surface

cadherin1 MO

control

Fig. S8. Cdh1 and Cdh3 expression upon Cdh1 MO knockdown. (A-H) Cdh1 MO
injected planula. (I-M) Uninjected control planula. Scale bar 50 pm.
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B supp-2.mp4

00:00 |

Movie 1 Std MO aggregate development. Time indicates hours and minutes.

B supp-3.mp4d

Movie 2 Cdh3 MO aggregate development. Time indicates hours and minutes.
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