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- -MANQPMSSDDFSALMSKITQETDHAEKKLEILF-KS----RG 37
- -MAQYPMDEREFEHLLARIRQETSHASNKLEILY-TS----SG 37
- -MAKDCQSDDCFQVLLARIQQETDSPKSKLQILY-SS----RG 37

Pantinonemertes_californiensis --
Maculaura_alaskensis --
Tritia_obsolete --

Crassostrea_gigas MAKGAMDSSTFQALVDKVQQETTSSERKVEILY-SC- 37
Capitella_teleta -- MAKEPMPDHIFERLLADINQETHLVGNKIEILF-RS- 37
Platynereis_dumerlii -- - - -MAMDPQRFEQLLQALNQETHSTEAKKEMLF -RS - 34
Terebratalia_transversa -- - -MSHKHSMDEDNFES LVYRMQMETSSTKRKLEILF-DS----KG 38
Phoronopsis_harmeri - MTKESMMTNSFETLMARINQETGSPEQKIEILF-SS----KG 37
Brachionus_manjavacas -NPNEANQVSMRDDDFSNLMS LITHNRDNYEEKLEILL-QA- KG 54
Macrostomum_lignano o= MARPITDEEFQDVVRQLSCSSVDKRRKFEILKNNS - - - -NG 37
Branchiostoma_belcheri -MDPATFHSLECRLEDATF - ASDKLSVLN-SS - - - -QG 31
Nematostella_vectensis -MEATMFTRILEAVKNRTF - KDEKLDVLE-SYSNDDCT 35
Amphimedon_queenslandic B e L GG EE LR L EEEEEEE MDPATFESFKQQLSKESF-SSGKLSVVK-SFT--DKY 33
Naegleria_gruber MNFNYSSNQPPQQQQPQQHGLYGFNAQPHPGATISTTNGMYVHPQPFAQPQMYIQPQPQTYVQPTCNYSS TVSCGISHQPQMSSGGS LAQQI LAACRNSSF -DSDKVKAVQ-NCSTSLCS 118
e I e MDKKSFETVLDEIRKAVL-TEYKLKAIE-YV- - - -HG 31
*
Pantinonemertes_californiensis YFSAEQAAYILEATAIQKHKVRAMKIME - - PRLCSMTCDESRMVLATVTSQ-NDKVAVLN S LKRVLRDHQSQLGKEYVLDAYPFECDKMRAWGI - - LQTVNSDVE TMLARGGHQGYAALG] 152
Maculaura_alaskensis SFSALQAARILESIAISQHKVMACQMME - - PRLCPMTCDESRMILACVNIH-NDKVTVLN SLKRVLCDCHTPLGKEYVMSSYPYESDKYRALRI - - LQTVEPDMNAKTAAGGHQGYAPLG 152
Tritia_obsolete YFSAQQASAVLHALSRPEDKLKAAKMLE - -PRLCRMSCLEAREILTSINIQ-NDRLIVLD SIKRVLTDCQTLVGEEYLLSAFPFEADKNMXLNI - - LRTVRSDVVDKIGAGGHQGYAAMG| 152
Crassostrea_gigas FYNADQAARLLHCYANPADKIRVLRILE - -PRLCQYTCREGRDIINAVSIH-NDKLIALD CIKRVLGDYRSKLGEEYILSAFPFETDKYRAMQI - - LQTVNSFVGDYVAAGGHQGYAALG 152
Capitella_teleta FFSASQASRLLYAFSNSTDRLRATQVLE--SRLCRMTCSEARDIIGTFTIA-NDKIKALN SIKRYLRDVDTREGQEDIMAIFPFGMEEY--QRV- - LYTARSDQADLIPAGGHQGYAALG) 150
Platynereis_dumerlii SFTAHQASSIIYAFPNSSDKVHVMQILE - - TKLSPMTCSEAKDILGSFPFH-NDKVTALQSVKRVLVDSQSDFGVENLLSAFPYEHDKQRAFGY - - LRTARTS VHNKVAAGGHQGYAALG 149
Terebratalia_transversa FFNAEHVARIIYQCAVPSDKIRAIQIME - - PRLCRMTCCDAVDILGAASVH-NDKLILLD CIKRALIDSQTREGAEYILSAFTFEGDKARAYSI- - LQTVVSTQHDKVAAGGHQGYAALG) 153
Phoronopsis_harmeri SFNAEQATRVMYAYASPSHKVRAIQIME - - PRLIRMSCSEARSILGAVSVH-NDKLIVLD CMKRALTDCQMRLGQEFILSAFPYEDDKMRALSI - - LGTVRSDVADKTPAGGHQGYAALG 152
Brachionus_manjavacas FFSAEQASQLVATFLRPKDKIKAVMILE - -PKLISMTCQQASHILAAVLIP-EDKLEALE YVKRAINDANTQEGQDYIVNSFTFEDHKRIAAKI - - LKSVVAKKGVQVAAGGHLGYAPMG| 169
Macrostomum_lignano IITPRQAIEILQKFKDAADRVKAIRLLE - -PRFGRMTCQEATQILGEFSLSGTDRLMALE CLKRYLIDHQSTAGVEFLLSAFDNEKDKQCALSI - - AQTTVHYVADK LAAGGHQGYGATG 153
Branchiostoma_belcheri YFNGHQLARVLETFPHDSDKLKAVQAIQ- -GRLYPMTCAEAAQVLETSPFS-NTQLKILE IVARNITDVTTG- - GHLVQEAFSFGHDKTKAMEI - - LNRCSGAGG - VYPAGAPVGYPS AP 143
Nematostella_vectensis FFSADQVAELVKEFTFDDEKVEAVKICS - -KNLVPLTCVEASVILKSFGFD-DRKVKALK LIGDRIIDPEAY - -S-VFDDDISFSFYQSEVKRLFEAKTQCFDPGNNYGATEQ- - - - - - - 142
Amphimedon_queenslandic FFNGPQVAQTLKLFSFNSDQLKFLEAVE - - PRMMP LNGQEGKDIVLCFAHA-SDKLKAVD MIADHIYDPTKK - - YDV - LDAIDFKFDKEKARAR - - LDKAVF - - - -KPTITGCPTSCPTVP 141
Naegleria_gruber PVSANDLYSILHFFGMDNDKVKYLNQLKQTNNIALMTGSEAASIIRTFNFD-NERIRALD AIVNSIYDRKQNQSEEAVVAAFGFSDDINRARNL - -MQTR - oo 215
Manis_javanica YFSSEQVVDLLRYFSWAEPQLKAMKALQ- -HKMVAVHPAEVVNILNCFTFS -KDKLVALE LLASNIVDVQNS - -RPI-EDLFRINMSEKKRCKR - -VLEQAFKGGCKAPHAMISSCGTIP 143
Pantinonemertes_californiensis —-TQARPLVPHLYGS LQEQNSQIPGQ- - GEIEIPPAAQTGVIPSVYSGHPSYAYPQPPRQKEPYA- - - - 216
Maculaura_alaskensis TQSRPLEALLYGSITRQPNSSAGH- -GPIAVPPAADPGIKPAKYASHPSYAYPRDKTYMETKDY - 220
Tritia_obsolete --TQARPLNGHLYGHLYXQRMEAPGH- - GKIEVPLTAQPGVVPSIYTGHPSYAYPAXKSYAEDRAY - - - 220
Crassostrea_gigas - -TQARPMYPHLYGNVADQRQLIPGH- -GKIEIPPEAQPGVVPSIYTGHPSYAYPADRSYDEDRGY - - - 220
Capitella_teleta --TQSRPLVPHLYGSVEEQNKQRPGYV- -GRIEIPVEAKAATLPSVYSGHPSYAYPPGKTYADDREY - - - 218
Platynereis_dumerlii --TQSRPLYPHLYGRVEAQEYKNMGISNDDMPLPVTARPNTAPFLYTSYPSHSFRRGRDYATDRQY - - - 219
Terebratalia_transversa TQARPLVPQLYGSIAHQRKSIPGQ- -GEIAIPPQADPGIVPSVYTSHPSYAYIPARGYAEDRQY - 221
Phoronopsis_harmeri - -TQARPMVPHLYGSIPEQRKTIPGY - -GAIEIPPEAQPGVVPSMYTGHPSYAYPRDRSFAQDRGY - - - 220
Brachionus_manjavacas - =TNAVPNHPHTYGPVLDQEKSLPNHRPE - - = - - === = === - = = 'YDDSYSNRAYVPTKSSIYDSNMS - - 232
Macrostomum_lignano GLY-- - -TQNWPLEVHLYGS LEEQVQRLPGH- - GEPS LPVHAKPGRTAS LYSSHPSYAYPQDRSSYATRPY - - - 221
Branchiostoma_belcheri_XP_019647158.1 PTTRPAASGIHIRGPDLGSMLKGMGAAMGAAMGAT VQGANAMAHAMGAGFDREKTATGA- -PAPTGTTGTYPGTYPGQTATAYA- - - - - - - - GQTNTAYP---------- GQATTAYPGQ 243
Nematostella_vectensis_XP_001631854.1 --ATNLTGYNPYMGNGG--TLE------ 'YNQSPGYGDE - - AGF - - SAWYTPAPYGASPEMAPLTAYGPYLGYGQSTDQYSGN 224
Amphimedon_queenslandic_XP_011483876.1 EQYHPG- - GQYTPGPPGQ 204
Naegleria_gruber_XP_082675533.1 -- - 215
Manis_javanica_XP_@17503694.1 -- - 160
Pantinonemertes_californiensis ===-Hl----- DQTTYPMPYPAGAPPLGYHQ-GAPAPTGFSS 248 AGGHQGYAALGGLHTQARPL VPHLYGSLQEQ
Maculaura_alaskensis NVLLED----- EPGYVNRSYPTGAPPFGYHQ-GNKASFGYPNNEPTPVKLPGGH- - - 268 AGGHQGYAPLGGLYTQSRPLEALLYGSITRQ
Tritia_obsolete -VDGPCSYPGGAPPLGNNT -GAPAPTGFPRLDSRGFVY 262 AGGHQGYAAMGGL F TQARPLNGHLYGHLYXQ
Crassostrea_gigas - - -LPGDYPKGAPPLGYHS -GAPNPTGFLQLES 255 AGGHQGYAALGGLYTQARPMVPHLYGNVADQ
Capitella_teleta --PSLPEYPAGAPPLGVHQ-GGPAPTGFQIYRSILSE- 257 AGGHQGYAALGGLYTQSRPLVPHLYGSVEEQ
Platynereis_dumerlii ---YLDYPVTGLERSY - - - GNPTAVGNQTHVFTGY - 253 AGGHQGYAALGGLYTQSRPL VPHLYGRVEAQ
Terebratalia_transversa -VTFQSVYPAGAPPMGFHG - GAPAPTGFPGLTMQ- - - 259 AGGHQGYAALGGLYTQARPLVPQLYGSIAHQ
Phoronopsis_harmeri - IKEAPTYPAGAPPVEFTGCGAPAPTGFPGLEKYTIQY 263 AGGHQGYAALGGLYTQARPMVPHLYGSIPEQ
Brachionus_manjavacas -ITLIWDRIDQNKKL 252 AGGHLGYAPMGCLYTNAVPNHPHTYGPVLDQ
Macrostomum_lignano 227 AGGHQGYGATGGLYTQNWPL EVHLYGSLEEQ
Branchiostoma_belcheri 308 BREE KXk K K.k £x .k
Nematostella_vectensis 248
Amphimedon_queenslandic 282
Naegleria_gruber_XP 215
160

Manis_javanica_XP

Supplementary Figure 1. Amino acid alignment of lophotrochin. Alignment of spiralian
lophotrochin protein sequences and the non-spiralian sequences with highest similarity (in
the grey box). The characteristic lophotrochin motif is highlighted in the black box and the
alignment of only the spiralian lophotrochin motifs is separately shown in the bottom right
corner in the red box.
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Supplementary Figure 2. Axonemal dynein, lophotrochin and trochin expression
in the mollusc Tritia. A, C, E, G are the same stage early larvae, and B, D, F, H are the
same stage late larvae. A, C, E, G are anterior-ventral view and B, D, F, H are ventral
view. (A, B): B-tubulin staining (green) of all ciliary structures. (A): B-tubulin staining
showing cilia in the apical plate, primary ciliary band and foot. (B) B-tubulin staining show
|ng cilia m(Emmary ciliary band, foot and shell margin. (C, D) The dynein expression
(purple). (C) Dynein is expressed in all of the ciliary structures, including the apical plate,
primary ciliary band and foot. (D) Dynein is expressed in the aplcal plate, foot and shell
margin. (E, F) Lophotrochin expression (purple) is stron? in the primary ciliary band, but
not detected in the other ciliary structures: apical plate, foot and shell margin. (G, H)
Trochin expression (purple) is strong in the primary ciliary band, but not detected in the
other ciliary structures: apical plate, foot and shell margin. (A, C, E, F) the imaging focus
was on the level of the apical plate and foot. (B, D, F, D) the imaging focus was on the
level of foot and shell margin. Abbreviations: ap: apical plate, p: primary ciliary band, f:
foot, s: shell margin. Scale bar: 100 um. For each in situ hybridization, at least 20
animals were stained and all had the pattern shown.



Capitella_teleta
Platynereis_dumerlii
Terebratalia_transversa
Phoronis_australis
Macrostomum_lignano
Notospermus_geniculatus
Crassostrea_gigas
Tritia_obsoleta

Capitella_teleta
Platynereis_dumerlii
Terebratalia_transversa
Phoronis_australis
Macrostomum_lignano
Notospermus_geniculatus
Crassostrea_gigas
Tritia_obsoleta

Capitella_teleta
Platynereis_dumerlii
Terebratalia_transversa
Phoronis_australis
Macrostomum_lignano
Notospermus_geniculatus
Crassostrea_gigas
Tritia_obsoleta

Capitella_teleta
Platynereis_dumerlii
Terebratalia_transversa
Phoronis_australis
Macrostomum_lignano
Notospermus_geniculatus
Crassostrea_gigas
Tritia_obsoleta

Supplementary Figure 3. Amino acid alignment of trochin protein sequences.

MATYSFEHVNRTKANHINADTRNLLDGKQRAYPNGNYASGDGKSRVIWS - - GHGFYSPSAR
MATYTFEHINRRKATHVNADTRNLLDGRQRAYPNDNYLSGDGKSMVWM- -GERYYNPKNR
MAQYFHERLSG------------ RTIKPYYPTPTNNYLSGDGKSAVWK - -GHSFYVPSER
-MQYYHERLSG------------ RIMKPPRIYPTDNYLSGDGKSTVWPTRGSNFYVPSER
-M-- - -AARNCYSKYST - - - -DPAF TGPKIVTPPNNYLSGNGKSEVYQ- - GAGWYVPSER
MM- - - -AARDCYSKYSL - - - -DKRFSGPKIITPTHNYLSGDWKSFCYE- -RSSYYTPSER

MH--------- RPEYGTSAGTRLFDRGPYNSTPVDNYPSGDGKSMIWR - -GPSHYVPSER
MQ----TGTTRTSSYNI--KEDLL - -KRNHSTPSNNYFSGDGKSFVWS - -GAAYYVPSER

* k% kk. Kk . * * *

KWQKLHEVKKALPNDRIPDLIEFQSEDDWRKWQNRRDRVD-SKNCAGSGFRNACPPLLKLD
DWMKHHDVKGAPNARVPGQIEFPHEDAWR EWQKNRDTPGSGSVCASSGFRYSAKPELKLD
RFVKYHEYRALPPERRADAKDYQREDDWRKFQYQRDRPKG- - -YFVQNYKFTDTPELKLH
RFIKYHDVKHLPPERRADQKEYMSEDEWRAWQAKRDAPP - - - - YYPNGLKLTNMPPLRLD
RWQRYHEYTALPSSSRRDAIDFQSEDDFVQFRQARDRPRA-PMLTSY - IPGEKPADLKLT
RWIKYHDYKHIPREARRDAIDFQSEDKWVEFQRHRDAPRG-DKLNPGGIGHSNIPELQLF
RWTDYHQYRSLPRDTRRDAKEMQSEDQWVDFMRQRDTPSG-YYHKDIGLLQTGVPECRLF
SWIKYPEHRSLPSDTKRDAIDMQSEDSWVRFMRNRDQPSG-YYFPRVGIRPSNVPELKLS

* . . *k . . *k .k

GYAFNPFNLYRTGVPAQTLYNTHTPWPKTDARSFPSWRGPRGYYGYYHEELDIHHNGGYR
GYAFNPYNLYRTGTPAVTMYNPHNPWPKTDVRQFPTWRGPRGYYGYYHEELDVHHNGGYK
GYCTNPFNLHRTGVEARTLYDP- - - - - LPDGINNKSWRGPHGYYGYYHERLDARDTGGFR
GYCMNPFNLHRTGVQARSVYNP- - - - - KPDLI-DPTWRGPHGYYGYYHERLDSRDTKGIR
GYRREDS- - - - - VVPEHSQFS---TYERFPR------ WQGSGYYGYYHEALDLHDGGRMK
GYTRDPA- - - -- SYPAVTQYQ- - -PPARFPQ------ WSGPGYYGYYHENLEHHASGRYR
GYTRDLP----- SMPPRALQD- - LSWPKSDAFVPLERSDRGKYYGYYHEATARERQQRKK
GYTRTLP----- SMPGRELFL - -QPWPKCDAWTPPVRRGRGEYYGYYHERTENERRRREM
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FPRDP-KALA- - - - NDEDAMKYEYMRNQPSLHQKQP- - - - - - VEFPVLL 215
FPRDP-KVLV- - - - NDEDIYKYEYMRNVPSVHQKLP- - - - - - VEFPVLQ 216
IT----KQLY- - - -NDEDYLKWEQVRTRDDPNNLLGITETARLTLPLV* 198
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Supplementary Figure 4. Expression of Ct-trochin in the juvenile stage of
Capitella teleta. After metamorphosis, expression is only observed in the ventral face
of the pharynx (black arrowheads) but not the dorsal portion (open arrowheads). Scale
bar: 100 um. For each in situ hybridization, at least 20 animals were stained and all
had the pattern shown.



