
Supplementary figure legends 
 
Supplementary Fig. S1. Phylogenetic comparative analysis for position-specific weight 
matrix and secondary structure-based search for additional early branching chordate and 
echinoderm TRs. Multiple sequence alignment of 42 vertebrate (Chen et al. 2000) and 13 
echinoderm (Li et al. 2013; Podlevsky et al. 2016b) TR pseudoknot (A) and box H/ACA 
(B) domains. Residues that are conserved 80% or more are shaded with white text on 
colored background. A dashed line separates vertebrates and echinoderms. Conserved 
primary sequence and secondary structural motifs are labeled below the alignment. 
 
Supplementary Fig. S2. Phylogenetic comparative analysis based secondary structure 
determination of deuterostome TR domains. Multiple sequence alignment of 23 novel 
deuterostome TR pseudoknot domains (A) and box H/ACA domains (B). Residues 
conserved 80% or more are shaded with white text on colored background. Conserved 
primary sequence and secondary structural motifs are labeled below the alignment. (C) 
Secondary structure models of select novel deuterostome TR, pseudoknot and box 
H/ACA domains. Universal co-variations (green lines), invariant residues (red) and 
residues with >80% conservation (orange) are based on the sequence alignment of 55 
previously identified animal TRs and 82 novel metazoan TRs identified in this study. 
Group-specific covariations (blue lines) are indicated and based on the sequence 
alignment of TRs from individual groups including 50 chordate TRs (42 previously 
identified and 8 novel), 23 echinoderm (13 previously identified and 10 novel) and 4 acorn 
worm TRs.  
 
Supplementary Fig. S3. Phylogenetic comparative analysis based secondary structure 
determination of protostome TR domains. Multiple sequence alignment of 29 novel 
protostome TR pseudoknot (A) and box H/ACA domains (B). Residues conserved 80% 
or more are shaded with white text on colored background. Conserved primary sequence 
and secondary structural motifs are labeled below the alignment. (C) Secondary structure 
models of select novel protostome TR, pseudoknot and box H/ACA domains. Universal 
co-variations (green lines), invariant residues (red) and residues with >80% 
conservation(orange) are based on the sequence alignment of 55 previously identified 
animal TRs and 82 novel metazoan TRs identified in this study. Group-specific 
covariations (blue lines) are indicated and based on the sequence alignment of TRs from 
individual groups including 21 mollusca, 7 annelida, 1 brachiopda and 1 phoronida TRs, 
respectively. 
 
Supplementary Fig. S4. Identification of metazoan TRs. A simplified phylogenetic tree 
representing major metazoan clades. Lineages are colored; Deuterostomia (blue), 



Protostomia (orange) and basal metazoan (green). Branch lengths do not represent 
evolutionary distances. The number of previously identified TRs are shown in black to the 
right of respective classes and number of TRs identified in this study are shown in red. A 
total of 82 novel TRs were identified in this study spanning 10 metazoan phyla and 18 
classes. 
 
Supplementary Fig. S5. Phylogenetic comparative analysis based secondary structure 
determination of basal metazoan TR domains. Multiple sequence alignment of 29 novel 
basal metazoan TR pseudoknot (A) and box H/ACA domains (B). Residues conserved 
80% or more are shaded with white text on colored background. Conserved primary 
sequence and secondary structural motifs are labeled below the alignment. (C) 
Secondary structure models of select novel basal metazoan TR, pseudoknot and box 
H/ACA domains. Universal co-variations (green lines), invariant residues (red) and 
residues with >80% conservation (orange) are based on the sequence alignment of 55 
previously identified animal TRs and 82 novel metazoan TRs identified in this study. 
Group-specific covariations (blue lines) are indicated and based on the sequence 
alignment of TRs from individual groups including 26 cnidaria, 1 placozoa and 3 porifera 
species. 
 
Supplementary Fig. S6. In vitro synthesis of sponge TERT proteins. The sponge TERT 
proteins were synthesized in RRL in the presence of 35S methionine and analyzed on 
SDS-PAGE gel, exposed to phosphorstorage screen, and imaged with a Typhoon gel 
imager (GE healthcare). (A) FLAG tagged Amphimedon queenslandica TERT, FLAG-
AquTERT (lane 2) and FLAG tagged human TERT, FLAG-hTERT (lane 1) expressed as 
control and a size marker. (B) FLAG tagged Oscarella carmela TERT (OcaTERT). 
 

Supplementary Fig. S7. Conservation of CAB box in metazoan TRs. Multiple sequence 
alignments of the distal P8 stem-loop of TRs from select representative species of each 
clade are shown. RNA secondary structure is indicated using dot-bracket notations above 
each alignment and the RNA structural element is labeled above base-pairing notations. 
Residues conserved 80% or more are shaded with white text on colored background. 
CAB box conservation is shown within red box and labeled above the box in red.    
 



 
Table S1. Species with TR identified in this study 

 

Clade Phylum Class Species Accession 
Start 

Coordinatesa 

End 

Coordinatesb 
Strand Source 

 

Chordata 

Cyclostomata Petromyzon marinus PIZI01000001.1 

 

7,205,787 

 

7,206,194 
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Cyclostomata Lethenteron camtschaticum APJL01104664.1 

 

144 547 - NCBI 

Cyclostomata Lampetra planeri SRR5230929 

 

n/a n/a n/a NCBI-SRA 

Cyclostomata Eptatretus burgeri FYBX02010827.1 

 

605,218 605,647 - NCBI 

Cyclostomata Eptatretus atami DRR062483 n/a n/a n/a NCBI-SRA 

Cephalochordata Asymmeteron lucayanum LZCU01053182.1 

 

582 974 + NCBI 

Cephalochordata Branchiostoma belcheri AYSS01005866.1 

 

20,970 21,389 - NCBI 

Cephalochordata Branchiostoma floridae ABEP02000017.1 

 

29,201 29,618 - NCBI 

 Asteroidea Asterias amurensis GAVL01049438.1 

 

1 372 - NCBI-TSA 

 Asteroidea Asterias rubens GAUU01010066.1 

 

1 370 + NCBI-TSA 

 Asteroidea Asterias forbesi SRR1138708 

 

n/a n/a n/a NCBI-SRA 

 Asteroidea Pisaster giganteus SRR11293188 

 

n/a n/a n/a NCBI-SRA 

 
Asteroidea Pisaster ochraceus 

SRR11293187, SRR10982254,  

SRR10982249 

 

n/a n/a n/a NCBI-SRA 
 

Echinodermata Asteroidea Patiria miniata AKZP01087997.1 

 

1879 2303 + NCBI 

 Asteroidea Patiriella regularis CYSQ010112690.1 

 

45 475 - NCBI 

 Asteroidea Acanthaster planci BDGF01006146.1 

 

22,662 23,102 + NCBI 

 Asteroidea Echinaster spinulosus GAVE01110158.1 

 

49 503 - NCBI-TSA 

 Ophiuroidea Ophionereis fasciata CZLG010265874.1 

 

525 944 + NCBI 

Hemichordata 

Enteropneusta Saccoglossus bromophenolosus* No source data n/a n/a n/a n/a 

Enteropneusta Saccoglossus kowalevskii* NW_003116016.1 11,881 12,316 - NCBI 

Enteropneusta Harrimaniidae sp. N. clade 3 JTC-2014 SRR1695462 n/a n/a n/a NCBI-SRA 

Enteropneusta Ptychodera flava BCFJ01016025.1 

 

62,725 63,164 + NCBI 
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Brachiopoda Lingulata Lingula anatina NW_013580819.1 

 

173,755 174,151 + NCBI 

Phoronida  Phoronis australis NMRA01000149.1 

 

753,300 753,694 + NCBI 

Annelida 

Polychaeta Capitella teleta AMQN01027543.1 

 

126 490 + NCBI 

Polychaeta Arenicola marina SRR2005653 

 

n/a n/a n/a NCBI-SRA 

Polychaeta Hydroides elegans LQRL01164149.1 

 

3,818 4,257 - NCBI 

Clitellata Eisenia fetida CYRZ010654929.1 

 

282 695 + NCBI 

Clitellata Lumbricus rubellus scaffold682|size41541 

 

33,676 34,086 - DataSTORRE 

Clitellata Olavius algarvensis SRR5421607 

 

n/a n/a n/a NCBI-SRA 

Clitellata Amynthas corticis FXXH010317067.1 

 

93 484 - NCBI 

Mollusca 
Gastropoda Pomacea diffusa* No source data n/a n/a n/a n/a 

Gastropoda Pomacea canaliculata PZQS01000002.1 

 

30,270,917 30,271,327 + NCBI 



Mollusca 

Gastropoda Conus tribblei LFLW010801771.1 

Gastropoda 

6,342 6,711 - NCBI 
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Gastropoda Rapana venosa GDIA01241434.1 

 

1 338 - NCBI-TSA 

Gastropoda Littorina saxatilis Contig56765 8,751 9,136 + DRYAD 

Gastropoda Haliotis discus hannai GIGJ01057632.1 

 

465 866 - NCBI-TSA 

Gastropoda Haliotis laevigata VKKT01005222.1 

 

43,381 43,787 - NCBI 

Gastropoda Haliotis tuberculata GEAU01287953.1 

 

1 369 + NCBI-TSA 

Gastropoda Elysia timida GBRM01107526.1 

 

147 495 + NCBI-TSA 

Gastropoda Elysia cornigera GBRW01213247.1, SRR1583663 

 

n/a n/a n/a NCBI-TSA/SRA 

Gastropoda Bathyberthella antarctica GFXA01051430.1 

 

1 247 - NCBI-TSA 

Bivalvia Mytilus galloprovincialis LNJA010333678.1 

 

187 535 + NCBI 

Bivalvia Bathymodiolus platifrons MJUT01034425.1 

 

591,096 591,451 + NCBI 

Bivalvia Modiolus philippinarum MJUU01052557.1 

 

27,325 27,680 - NCBI 

Bivalvia Pinctada fucata DRR050170 

 

n/a n/a n/a NCBI-SRA 

 Bivalvia Pinctada martensii NIJJ01006429.1 

 

9,898 10,264 - NCBI 

Bivalvia Crassostrea gigas SZQM02000004.1 

 

154,764 155,125 + NCBI 

Bivalvia Crassostrea virginica* KV918323.1 2,331,345 2,331,700 - NCBI 

Bivalvia Nodipecten subnodosus GFNL01243408.1 

 

1 252 - NCBI 

Bivalvia Mizuhopecten yessoensis NEDP01005424.1 

 

678,838 679,170 + NCBI 

Aplacophora Alexandromenia crassa comp40353_c0_seq1 

 

15 384 + DRYAD 
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Cnidaria 

Anthozoa Acropora digitifera BACK02028654.1 

 

1,815 2,284 - NCBI 

Anthozoa Acropora cervicornis GASU01042147.1 

 

1 361 - NCBI-TSA 

Anthozoa Acropora hyacinthus GDIF01035769.1 

 

16 409 + NCBI-TSA 

Anthozoa Stylophora pistillata LSMT01000472.1 

 

108,604 109,085 + NCBI 

Anthozoa Seriatopora hystrix 
SRR2300678, SRR3144612,  

SRR3144610 
n/a n/a n/a NCBI-SRA 

Anthozoa Madracis auretenra comp285766_c0_seq1 

 

1 424 + 
 

Anthozoa Pseudodiploria strigosa HACD01239751.1 

 

1 266 + NCBI-TSA 

Anthozoa Favia lizardensis GDZU01016292.1 

 

24 495 - NCBI-TSA 

Anthozoa Orbicella faveolata MZGG01000725.1 

 

580,730 581,215 - NCBI 

Anthozoa Platygyra daedalea c38845_g1_i1 

 

1 505 + PDTD 

Anthozoa Montipora capitata RDEB01000170.1 

 

373,653 374,130 - NCBI 

Anthozoa Galaxea fascicularis GFAZ01037277.1 

 

7 471 - NCBI-TSA 

Anthozoa Montastraea cavernosa comp748712_c0_seq1 

 

1 216 + DRYAD 

Anthozoa Porites astreoides GEHP01404864.1 

 

216 699 - NCBI-TSA 

Anthozoa Ctenactis echinata GDZV01002545.1 

 

1 285 - NCBI-TSA 

Anthozoa Anthopleura elegantissima GBXJ01057767.1 

 

34 437 + NCBI-TSA 

Anthozoa Actinia tenebrosa SRR3207346 

 

n/a n/a n/a NCBI-SRA 



 
a: 5’ end predicted based on multiple sequence alignment 
b: 3’ end of TR inferred as three nucleotides downstream of box ACA 
*: TRs cloned in this study 

NCBI: National center for Biotechnology Information – Genome Database, URL: www.ncbi.nlm.nih.gov/genome/ 

NCBI-TSA: National center for Biotechnology Information – Transcriptome Shotgun Assembly Sequence Database, URL : www.ncbi.nlm.nih.gov/genbank/tsa/ 

NCBI-SRA: National center for Biotechnology Information – Sequence Read Archive Database, URL : www.ncbi.nlm.nih.gov/sra/ (TRs identified using INFERNAL from assembled SRA reads or 

BLAST against raw reads) 

DataSTORRE: Stirling Online Repository for Research Data – University of Stirling, URL: datastore.stir.ac.uk 

DRYAD: Dryad digital repository, URL: datadryad.org 

PDTD: Platygyra daedalea transcriptome database, URL: http://ib.oregonstate.edu/~meyere/DB/Pdae/search.php 

Compagen: A comparative genomics platform for early branching metazoan, URL: http://www.compagen.org/index.html 
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 Anthozoa Corynactis australis GELM01043505.1 

 

5 483 + NCBI-TSA 

Cnidaria 

Anthozoa Ricordea yuma 
SRR3201251, SRR3201252,  

SRR3201253 
n/a n/a n/a NCBI-SRA 

 
Scyphozoa Aurelia aurita GBRG01038552.1 

 

181 625 - NCBI-TSA 

Scyphozoa Chrysaora fuscescens SRR3180892 

 

n/a n/a n/a NCBI-SRA 

Scyphozoa Rhopilema esculentum GEMS01118701.1 

 

1 382 - NCBI-TSA 

Scyphozoa Periphylla periphylla SRR1915828 

 

n/a n/a n/a NCBI-SRA 

Staurozoa Calvadosia cruxmelitensis HAHC01109237.1 

 

3 350 + NCBI-TSA 

Staurozoa Lucernaria quadricornis HAHD01078658.1 

 

1 405 + NCBI-TSA 

Hydrozoa Craspedacusta sowerbyi SRR923472 

 

n/a n/a n/a NCBI-SRA 

Placozoa  Trichoplax adhaerens ABGP01000509.1 

 

21,534 21,930 + NCBI 

Porifera 

Demospongiae Amphimedon queenslandica ACUQ01004887.1 

 

26,508 26,870 + NCBI 

Calcarea Sycon ciliatum 
ERR592860, ERR592861,  

ERR592862, ERR592868 
n/a n/a n/a NCBI-SRA 

Homoscleromorpha Oscarella carmela scaffold411 49,661 50,069 - Compagen 

http://www.ncbi.nlm.nih.gov/genome/
http://www.ncbi.nlm.nih.gov/genbank/tsa/
http://www.ncbi.nlm.nih.gov/sra/
http://ib.oregonstate.edu/~meyere/DB/Pdae/search.php


Supplemental Fig. S1
Homo_sapiens -CCUGGGAGGGGUGG--UGGCCA---------------------------------UUUUUUGU---CUAACCCUAAC----UGAGAAG---------------------GGCG-UAGGCGCCGU--GCUUUU-----------------
Tupaia_glis_belangeri -GCCCGGGACGGGCG--CGGACC---------------------------------CGGUAAU----CUAACCCU-------GACUCACAAGA-----------------GGCG-UAGGCGCCGU--GCUUUU-----------------
Oryctolagus_cuniculus ---CGGGAGGGGC---CCGGUCA---------------------------------UUUCUCAU---CUAACCCUAAC----UGAGCAG---------------------GGCG-UAGGCGCCGC--GCUUUU-----------------
Cavia_porcellus -----CGGGAGGGGUGGUGGUCU---------------------------------UCCCUGU----CUAACCCUAA-----GGUGAAGAG-------------------GACG-UGGGUGCCGU--GUUUUUC----------------
Chinchilla_brevicaudata ----CCGGGAGGGGAGGUG-GGC---------------------------------AUGUUUUGU--CUAACCCUAAC----UAGGAGGAG-------------------GACG-UAGGCGCCGU--GCUUUU-----------------
Geomys_breviceps --CCUGGGAGGGG-GGGCUGGUC---------------------------------CCACUCUU---CUAACCCUAA-----GGGUGUC---------------------GGCUGUAGGCGCCGU--GCUUUUU---------------A
Microtus_ochrogaster ----------------GACGCGC---------------------------------GCCUCUU----CUAACCCUAA-----AAACUGG---------------------AGCUGUAGGUGUUGCU--CUUUC----------------A
Cricetulus_griseus --------------------------------------------------------GU---------CUAACCCU-------GAAUUCUGAG------------------AGCUGUGGGUACUGUG--CUUUC-----------------
Mus_musculus --------------------------------------------------------AC---------CUAACCCU-------GAUUUUCAUU------------------AGCUGUGGGUUCUGGU--CUUU-----------------U
Mus_spretus --------------------------------------------------------AC---------CUAACCCU-------GAUUUUCAUU------------------AGCUGUGGGUUCUGGU--CUUU-----------------U
Mus_musculus_castaneus --------------------------------------------------------AC---------CUAACCCU-------GAUUUUCAUU------------------AGCUGUGGGUUCUGGU--CUUU-----------------U
Rattus_norvegicus --------------------------------------------------------GU---------CUAACCCUA------UUGUUAU---------------------AGCUGUGGGUUCUGUU--CUUU-----------------U
Mustela_putorius_furo -CUCGGGAGGGGU-GGC-GGUCA---------------------------------UUUUCUGU---CUAACCCUAAC----UGAAACG---------------------GGCG-UAGGCGCUGC--GCUUUU-----------------
Procyon_lotor -CCUGGGAGGGGUG-GC-GGUCG---------------------------------UUUUAUGU---CUAACCCUAAC----UGAGAAG---------------------GGCA-UAGGCGCUGC--GCUUUU-----------------
Felis_catus -CCUGGGAGGGGA-AGC-GGUCA---------------------------------GUUUUUGU---CUAACCCUAAC----UGAGAAG---------------------GGCG-UAGGCGCCGC--GCUUUU-----------------
Bos_taurus GGGCCCCGGGUUGGUGGCAGCCA---------------------------------UUUCUCAU---CUAACCCUAA-----UUGAGACA--------------------GGCG-UAGGCGCUGU--GCUUUU-----------------
Sus_scrofa -CCCAGGAGCGGUG-GCGG-CCA---------------------------------UUUUUUAAGU-CUAACCCUAAC----UGAAAGA---------------------GGCG-UAGGCGCUGC--GCUUUU-----------------
Suncus_murinus -GCGGGAGCUGCGA---GCGGCC---------------------------------GUCUCGU----CUAACCCUAA-----AGAGAAA---------------------GGCG-UAGGUGCUUG--GCCUU-----------------G
Equus_caballus ---CUGGGCGGGGCGGCG-GUCA---------------------------------CGUUUUGU---CUAACCCUAAC----UGAGCUG---------------------GGCG-GAGGCGCCGC--GCUUUU-----------------
Elephas_maximus ---CCCGGGA-GGGCG-GUGGUC---------------------------------UGUUCUGUU--CUAACCCUAAC----UGAUAAG---------------------GGCG-UAGGCGCCGU--GCUUUU-----------------
Trichechus_manatus ---CCCGGGUCGGG-CAGUGGUC---------------------------------UUUUUUGUU--CUAACCCUAAC----UGGCAAG---------------------GGCG-UAGGUGCUGU--GCUUUU-----------------
Dasypus_novemcinctus -CCCGGGAGGGGUGAGCG-UCCA---------------------------------UUAUCGU----CUAACCCUAAC----UGAGAUG---------------------GGCG-UAGGCGCCGC--GCUUUU-----------------
Dasyurus_hallucatus ---------GGGUCGGUCCGUCC---------------------------------UGGCACAU---CUAACCCUAA-----AUGCGCGC--------------------UGGU-UGAAGUG-----GCUUCUCC--------------U
Gallus_gallus ---CGUGGCGGGUGGAAGGCUCC---------------------------------GCUGUGC----CUAACCCUAA-----UCGGGGGAAUUGAUGGUGCUGUCGCCGC-----------------GCUCC-----------------C
Anodorhynchus_hyacinthinus ---GUGG---CGGAUGGGGAGGC---------------------------------UCCAGUCUCA-CUAACCCUAA-----UGGCUGCCGCCGU--------------------------------GCUCCC-----------------
Chelydra_serpentina --CGGC--GGCAGGUGGGGGCUC---------------------------------AGUCUUU----CUAACCCUAA-----GCGAAAUGUGACCC--------------------------------CUCCCC---------------G
Xenopus_laevis ------UGUGGACGGAGGUCUCU---------------------------------GUUUCG-----CUAACCCUAA-----UACACUGGCUUCAGGGCGAUG------------------------GCUCU-----------------U
Bombina_japonica -----GAGGGAUUGGAAGG-UUC---------------------------------CGCUUAUG---CUAACCCUAA-----UAUUGGGGGUCUGUUGAAAA-------------------------CCUCU-----------------U
Ceratophrys_ornata ----GUGGGAAUAGGAGGGAGUC---------------------------------UAUAUUU----CUAACCCUAA-----UAUACCCGGUUCAGG------------------------------GCUCUU----------------A
Pyxicephalus_adspersus -----GCGGUAAUAGGAGAGUUC---------------------------------UAUCCUU----CUAACCCUAA-----UGCACAGACCCCUCGCU----------------------------GCUCUU-----------------
Dermophis_mexicanus -CUCUCCGGAGAGGGGCGGUUUC---------------------------------UCUGUCUU---CUAACCCUAA-----UGCGGUGCUUCGGCAGAA---------------------------GCUCUCC---------------A
Herpele_squalostoma -CUCUCUGGAGCGGGGCGAUUUC---------------------------------UCUUCCUU---CUAACCCUAA-----UGCGGUGCUUAGGCGACA---------------------------GUUCUC----------------C
Typhlonectes_natans -CAUUCCGGAGAGGGGCGUUUUC---------------------------------UUCUUUCU---CUAACCCUAA-----UGUAUUGCUUGGGCAGCA---------------------------GCUCUC----------------U
Oryzias_latipes ----------------CGGGGUG---------------------------------UUCUAC-----CUAACCCUAA-----UUAGAGGCU------------------------------------GCCUCGUGUA------------C
Gasterosteus_aculeatus ----------------CGGAGUG---------------------------------UCUCUU-----CUAACCCUAA-----AUACGGAGG------------------------------------CCCUCCUGUA------------C
Takifugu_rubripes ----------------CGGAGUG---------------------------------UCUCUU-----CUAACCCUAA-----AUUAUCUC------------------------------------GGCUCCCUGUA------------C
Tetraodon_nigroviridis ----------------CGGAGUG---------------------------------UCUCUU-----CUAACCCUAA-----GUUAAACUAG------------------------------------CUCCCUGUA------------C
Danio_rerio ----------------CAGAGUA---------------------------------CUUUCU-----CUAACCCUAAC----GCUUCUUU-------------------------------------GCUUCCUGUA------------C
Rhizoprionodon_porosus ----GCUGCGGGGU---GGAGGC---------------------------------GUUUUUAA---CUAACCCUAA-----UGCAGAGUAAGUGGCUGG------------------------------GCCUU-------CCUCACAC
Mustelus_canis ----GCUGCGGGGU---GGAGGC---------------------------------GAUUUUAA---CUAACCCUAA-----UGCAGAGUAAGUGGCUGG------------------------------GCCUU-------CCUCACAC
Dasyatis_sabina ----GCUGCGGGGGAGACAGUGU---------------------------------CGCUCU-----CUAACCCUAA-----UGUGGGGGCAACGC-------------------------------GGGCCCUUU----------GUUU
Rhinoptera_bonasus ----GCUGCGGGG-AGAAAGUGU---------------------------------CGUUCU-----CUAACCCUAA-----UGCGAGGGCAAUGCG-------------------------------GGCCCUUU-GUUUAAAGUCCCG

Ophiocoma_echinata ACCC---------UUCUUGAGAGAAGCAUG--UGUGAAC---UUAC---GUUCACA-----------CUAACCCUA------GAUUUUCCA-------------------------------------CCCCUUU---------------
Ophioderma_panamensis ACCCG-----------CCACAGCGAAGCAUG-UGUGGGC---UACUU--GCUCACA-----------CUAACCCUAA-----GCCUUUUUU-------------------------------------CCCCUCCG--------------
Ophiothrix_spiculata -------CGAGUUCCGG-CUGUCAU-------UGUA------GCAU-----GUACA-----------CUAACCCUAA-----GGUUUCUCUUG----------------------------------CCCUCUGUAA-------------
Strongylocentrotus_purpuratus --------AUAUGGCGAUAGAGGUGAACG---AUGCGA----CAUG----UCGCAUUUU--------CUAACCCUA------UGGUUUAUUUUC--------------------------------GUAAACUUGU--------------
Evechinus_chloroticus ------------AGU-GAUAGAGUGAAACG--AUGCG----GUAUGU----CGCAUUUU--------CUAACCCUA------UGGUUGAUUUUC--------------------------------GUAAUCUUGU--------------
Echinocardium_mediterraneum --CCGAGGGGCCUCGUCCUAGGUACAGGAC--UGCGG----UCUUU-----CCGCAUUUU-------CUAACCCUA------UCUUACAGUUAGUUUC-----------------------------AAAACUUGCA-------------
Abatus_cordatus ------------------GAAGGAAACAGGACUGCGG---CGUUUCU----CCGCAAUUU-------CUAACCCUA------UCUUUCGGUUAUUUU-----------------------------GAAAACUUGCA-------------
Arbacia_punctulata ---------AAACGGUAAA-GGUGUGCUG---UGUGGAC---GCCU---GUUCACAUAUU-------CUAACCCUA------GGUUGUCGAGC----------------------------------UGGAUUCGC--------------
Mespilia_globulus ---------GCUAGCAUACGGAGGUUGUCU--UUGCGGC---UGCAC--GUCGCAAUAU--------CUAACCCUA------GGUUUUUCA------------------------------------UGAACUUGC--------------
Lytechinus_variegatus --------GCUAAGUGAUAGAGGAUAU-----UGUGGUC--AUGGCG--GAUCGCAUUUU-------CUAACCCUA------UGGUUUGUUAUUU-------------------------------GUAAAUUUG---------------
Dendraster_excentricus -----GGUAAUUUUCGCCAGAGGGCUCC----AGUGCGA--UGAAUU---UCGCCUCU--------CCUAACCCUA------GGUUUUCCUUU---------------------------------AAAAACCUGC--------------
Eucidaris_tribuloides ---------ACGCGUGGUGGUAACAUACG---AGUGGAG---AGGC---CUCCACUAAU--------CUAACCCUA------GUAGAUUUCUG----------------------------------UGUGCUCGA--------------
Anneissia_japonica --------------AUCAUUCAGCGGUU----CGUGUGGAGUGUAGCGGUUCGCACGUG---------UAACCCUAACCCUAGAGA-----------------------------------------CUCGUUUGGC-------------
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Homo_sapiens GCUCC---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCG------------GCCUGCCGCCUUCCACCGUUCAUUCUAGAGCAAAC-------------------
Tupaia_glis_belangeri GCUCC---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGUUCGG-----------AAAAGC-CCUGUG----------GCCUAUCGCCAUCCACCAUCCUUUCUGGAACAAACAGACAAAAA----------
Oryctolagus_cuniculus GUUUC--------------CCCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGCGUGGG----------AAAAGC-CUUG------------GCCUACCGCCGUCCACCGUUCAUUUCGCAGUAAAC-------------------
Cavia_porcellus GCUCCC----------------GCACGCUGUUUUUCUC----GCUGACUUU-CAGCGUGC----A-------GAAAAGC-CUUG------------GCCUACCGUCGGUUAUUGUCUAAUUAGAAGCAAAC-------------------
Chinchilla_brevicaudata GUUCC---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGUGCGG-----------AAAAGC-CUUG------------GCCUGCCGUCGACCACUGUCUAAUUAAAAGCAAAC-------------------
Geomys_breviceps CUUCC---------------CCGCGCGCUGUUUUUCUG----GCUGGCUUU-CAGCGAGCGG----------AAAAAGC-UUUG------------GUCUACAGGCCACUCACUUUGUAUCCCGAAACCAAAUUGAAAAA----------
Microtus_ochrogaster GCGUC-----------------GCCCGCUGUUUUUCUC----GCUGGCUUU-CAGCGGGC----CA-------GAAAG--UUCAG-----------ACCUCUCAGCAGAUCGUCGCGUCGUUCUCAACCAC-------------------
Cricetulus_griseus GUCU----------------CCGCCCGCUGUUUUUCUC----GCUGACUUC-CAGCGGGCGG-----------GAAAG--UCCAG-----------ACCUGCAGCGGGCCAUCGCGCGUUUUCCACCACA--------------------
Mus_musculus GUUCUCC---------------GCCCGCUGUUUUUCUC----GCUGACUUC-CAGCGGGC----CAGG------AAAG--UCCAG-----------ACCUGCAGCGGGCCACCGCGCGUUCCCGAGCCUCAAA-----------------
Mus_spretus GUUCUUC---------------GCCCGCUGUUUUUCUC----GCUGACUUC-CAGCGGAC----CAGU------AAAG--UCCAG-----------ACCUGCAGCGGGCCACCGCGCGUUCCCGAGCCUCAAA-----------------
Mus_musculus_castaneus GUUCUCC---------------GCCCGCUGUUUUUCUC----GCUGACUUC-CAGCGGGC----CAGG------AAAG--UCCAG-----------ACCUGCAGCGGGCCACCGCGCGUUCCCGAGCCUCAAA-----------------
Rattus_norvegicus GUUCUCC---------------GCCCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGC----CUGG------AAAG--UUCAG-----------ACCUGCAGCGGGUCACCGCGCAUUCUGGAACCUC--------------------
Mustela_putorius_furo GUUCC---------------CCGCACGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUUG------------GCCUACUGCCACACACCAUCCAGUUUGGAGCAAAC-------------------
Procyon_lotor GUUCC---------------CCGCACGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCG------------GCCUACUGCCAUCCACCAUCCAGUUUGGAGCAAAC-------------------
Felis_catus GUUUC---------------CCGCACGCUGUUUUUUUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCG------------GCCUACCGCCGUCCACCGUACAGUUUGGAGCAAAC-------------------
Bos_taurus GGUUA---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCG------------GCCUACCGCCAUCCACCAUCCAGUCUGCAACAAAC-------------------
Sus_scrofa GCUUCA---------------CGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCG------------GCCUACCGCCAUCCACCAUCCAGUCUGAAACAAAC-------------------
Suncus_murinus GCGAC---------------UCGCCCGCUGUUUUUUG-----GCUGGCUUU-CAGCGGGUGA--A---------GAGGC-CCAAG-----------ACCUACCGCCACCCACCGUCUAGUGUCUUAAGGGCACAAAGUCCUGCCCGCCAC
Equus_caballus GCUCC---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCGGUCU--------ACCGCCACUUACCAUCCAGUCUGGAGUAAAC-----------------------
Elephas_maximus GUUC---------------CCCGCGCGUUGUUUUUCUC----GCUGACUUU-CAGCGGGCGGG----------AAAAGC-CUCGGUCU--------ACCGCCGUCUACCGAUAGCCUGGAGCAAACA-----------------------
Trichechus_manatus GUUC---------------CCCGCGCGUUGUUUUUCUC----GCUGACUUU-CAGCGGGCGGG----------AAAAGC-CCUGGCCU--------ACCGCCGUCUACCGAUAGUUUGGAGCAAACA-----------------------
Dasypus_novemcinctus GCUUC---------------CCGCGCGCUGUUUUUCUC----GCUGACUUU-CAGCGGGCGG-----------AAAAGC-CUCGGCCU--------ACUGCCGUCUACUGUCGUAUCUGGAGCAAAC-----------------------
Dasyurus_hallucatus GGGCGAUC--------------GCUCGCUGUUUUUGUG----GCUGGCUUU-CAGCGGGC----U------GGAGGAGC-CGGG------------AGCGGAGGCGGAGGACCGAGC---------------------------------
Gallus_gallus UCCGCC---------------CGCCCGCUGUUUUACUC----GCUGACUUU-CAGCGGGCG---AGA-------GGAGC---------------------------CGCCCCGGGGGGGAGGCGGGCGGCGGGAGGGGGCCGGGGCGCCG
Anodorhynchus_hyacinthinus CGCA---------------CCCGUCCGCUGUUUUAUUC----GCUGACUUU-CAGCGGACGGG----------GGGAGC---------------------------CGCCUGGGGGGGAAGGGGUUUGCAAUC-----------------
Chelydra_serpentina CUGCAG--------------CCGUCCGCUGUUUUACUC----GCUGACUUU-CAGCGGACGG----------GGGGAG----------------------------CGGGUGGAGACGCCAACC--------------------------
Xenopus_laevis CGCGGCG-------------GUGCCUGUUGUUUUACUU----GCUGACUUU-CAGCGGGCAC--GG--------AGAGC---------------------------AAGCGUAGACGACGACU---------------------------
Bombina_japonica UAAGAU--------------AUGCGUGUUGUUUUAUUG----GCUGACUUU-CAGCGCGCAU--UG--------AGAGG---------------------------AGUUGCUGCCCAGGACU---------------------------
Ceratophrys_ornata UGUGG----------------CGCUCGUUGUUUUGCCG----GUUGCCUUU-CAGCGGGCG---A--------AAGAGC---------------------------UCAGAGAAGCGAGGACC---------------------------
Pyxicephalus_adspersus CAU-------------------GCUCGUUGUUUUUCUC----GCUGACUUU-CAGCGGGC----GA-------AAGAGC---------------------------AAUGGAAGCUCAGGACU---------------------------
Dermophis_mexicanus CUGCGUAC--------------GCUCACUGUUUUUCUA----GCUAACUUU-CAGUGAGC----AG------GGAGAGC---------------------------GAAGUCCAGUUUCACGACAACGGAG-------------------
Herpele_squalostoma GGGUG----------------CGCUCGCUGUUUUUCUG----GCUAACUUU-CAGCGAGCG---GA-------GAGAGC---------------------------GAAGCCGUGGUUUACGACGAUAGAGGAG----------------
Typhlonectes_natans CGGUA----------------UGCUCGCUGUUUUGCUG----GCUAACUUU-CAGCGAGCA------------GAGGGC---------------------------GAAGUCGAAUUUCGGACAAGGGAG--------------------
Oryzias_latipes UUAAC-----------------GUAUGCUGUUUUGUUGUU--UCUGGCUUU-CAGCAGAC---------UACAUGAGGC---------------------------GUUGGGCGUGAAGCUUGAAAAUAUCCGUACA-------------
Gasterosteus_aculeatus UCAAC-----------------GUUUGCUGUUUUUU------UCUGGCUUUUCAGUAAAC---------UACGGGAGGG---------------------------GCUGACGCGACGCUGGGAACGUUUCCGAACGACAACCA------
Takifugu_rubripes UCGGC-----------------GUUUGCUGUUUUUG------UCUGGCUUU-CAGGAAAC---------UACAGGGAGUC--------------------------UUGGACGUCUCGGUUCACGGAUC---------------------
Tetraodon_nigroviridis UCGGC-----------------GUUUGCUGUUUUUUG-----UCUGGCUUU-CAGGAAAC---------UACAGGGAG----------------------------UCUUGAGAGUCUCGGUUCACGGACC-------------------
Danio_rerio GGCUU-----------------GUAUGCUGUUUUGUCUUA-----AGCUUU-CAGCAUAU---------UACAUGAAGC---------------------------UUUCCGCGGUUUCGAUACUUU-----------------------
Rhizoprionodon_porosus UGCCUCCCGCUGCGUGAA---ACCUCGCUGUUUUCUUG--GCU--AACUUU-CAGCGAGGU---GAGGC--AAGGC------------------------------GGCAAAAAAAAGUUGGGAGCAGCAACGGCAAGCAAA--------
Mustelus_canis UGCCUCCCGCUGCGCGAA---ACCUCGCUGUUUUCUUG--GCU--AACUUU-CAGCGAGGU---GAGGA--GAGGC------------------------------GGCAAAAAAAAAAGGUUGGGAGCAGCAGCGGCAAACAAAA----
Dasyatis_sabina AAAGUCCCGCUGUCGGGA--GCCCUCGCUGUUUUCUUG--GCU--AACUUU-CAGCGAUGGC--G-----AAAGGGCCC---------------------------AGCAAAGGUUGGGAAGCGUGAUUUAUUGUUGGUGGGCAGAGAG-
Rhinoptera_bonasus UUGUCGCGCGAAGCGGGA--GCCCUCGCUGUUUUCUUG--GCU--AACUUU-CAGCGAUGGU--G-----AAAGGGCC----------------------------UAGCAAAGGUUGGGAAGCGUGAUUUAUUGUUGGUGGGCAGAGAG

Ophiocoma_echinata GCUUUGC-----------UAUAUCUGACAGUUUUUGU----AGCUAGUUUU-CUGCUAGAUGUA-----AAGGGGG----CAAGGUUUUGAUCGUAGCG---------------------------------------------------
Ophioderma_panamensis UUCCCUAU-------------AUCUGGCAGUUUUUU-----AGCUAGUUUU-CUGCUGGAU---G----CGAAGGGG---CACGUUUACGUUCGUAGCA---------------------------------------------------
Ophiothrix_spiculata GCUUAUU----------------CUGAUAGUUUUUUC----AGCUAAUUUU-CUAUCAG----------UUGCAGAGGG-UAUAUUGUAUAGAGCGUUGCA-------------------------------------------------
Strongylocentrotus_purpuratus GUCU-----------------AGUUUGUAGUUUUUU-----GUCUAGCUUU-CUGCAAACU--------ACAAGUUUAC-UAACGUGGUAACAAGUGCG---------------------------------------------------
Evechinus_chloroticus GUUU-----------------GAUUUGCAGUUUUUG-----AUCCGGCUUU-CUGCAGAUU--------GCAAUUUUAC-CGCUGUGAUAUCGUGUGCG---------------------------------------------------
Echinocardium_mediterraneum AGACA------------------UUCGUAGUUUUUAG-----ACUGGCUUU-CUGUGAA-----A----UGCAAGUUUU-CUUUUGAGAGGUACCCGGUAUUAGCG--------------------------------------------
Abatus_cordatus AUAGA------------------UUCGCAGUUUUCAG-----ACUGGCUUU-CUGCGAA-----A----UGCAAGUUUUCUUCAGGGAGGAAUUGGCG----------------------------------------------------
Arbacia_punctulata GUUAC----------------AGUUUGUAGUUUUCAA-----AUCAGCUUU-CUACAAACU---------GCGAGUUCA-UUUAUUACGGAAUAGCCUCG--------------------------------------------------
Mespilia_globulus UGUA-----------------AGCUCGUAGUUUUUC-----AUCUGGCUUU-CUGCGAGUU--------GUAAGUUCA--CACUUUGGUGGUACUGUUGGGC-A----------------------------------------------
Lytechinus_variegatus UGCAUU----------------GUUUGUAGUUUUUCA-----UCUGGCUUU-CUACAAAC----UU----CAAGUUUAC-UUACGUUGUGUCAAGUGCG---------------------------------------------------
Dendraster_excentricus GGAU-----------------AUUUUGCAGUUUUCUU-----GCCAGUUUU-CUGGGAAAU--------GCAGGUUUUU-CUUCUCGUGUUCGUUAAGCG--------------------------------------------------
Eucidaris_tribuloides AUUUU----------------GGGACGUAGUUUUCAA----ACUAGGCUUU-CUACGAACC--------UCGAGUACA--UUUUUAGCGAGUGGUGGGCG--------------------------------------------------
Anneissia_japonica AUGCUUUCGGCAA---------ACCAACAGUUUUCAUGU-----UGCCUUU-CUGUUGGU---------GCCAAAUGAG-GUUCUUUUUAAUAGUG------------------------------------------------------
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Homo_sapiens ------------------------------------------------------AAA-AAAUGUCAGC--UGC-------------UGGCCCGUUCGCCCCUCCCGGG-
Tupaia_glis_belangeri ------------------------------------------------------AAA-AAAUGUCAGC--UGCU------------GGUCCGUUCGCUCCUCCCGGGC-
Oryctolagus_cuniculus ------------------------------------------------------AAA-AAAUGUCAGC--CGC-------------UGGCCGGUUCGCCCUUCCCG---
Cavia_porcellus ------------------------------------------------------AAA-AAAUGUCAGC--GUGGCC----------GGGCC---GCCCCUCCCG-----
Chinchilla_brevicaudata ------------------------------------------------------AAA-AAAUGUCAGC--GUG-------------GCCGGUCCGCCCCUCCCGG----
Geomys_breviceps ------------------------------------------------------AAA-AAAUGCCAGC--UCC-------------GGCCGGUCCACCCCUCCCGGG--
Microtus_ochrogaster ------------------------------------------------------AAA-AAAUGCCAGC--GCAAA-----------GCGCGUC----------------
Cricetulus_griseus ------------------------------------------------------AAA-AAAUGUCAGC--GCU GGGCUCAUGUGCCUGGAG
Mus_musculus ------------------------------------------------------AAC-AAACGUCAGC--GCA GGAGCUCCAGGUUCGCCGGGA
Mus_spretus ------------------------------------------------------AAC-AAACGUCAGC--GCA GGAGCUUCAGGUUCGCCGGGA
Mus_musculus_castaneus ------------------------------------------------------AAC-AAACGUCAGC--GCA GGAGCUCCAGGUUCGCCGGGA
Rattus_norvegicus ------------------------------------------------------AAA-AAAUGUCAGC--GUA GGAGCUCUGGUGCCAGA
Mustela_putorius_furo ------------------------------------------------------AAA-AAAUGUCAGC--GGC-------------UGGCCUGCUCGCCCCUCCCGGG-
Procyon_lotor ------------------------------------------------------AAA-AAAUGUCAGC--CGC-------------CGGCCUGCUCGCCCCUCCCGGG-
Felis_catus ------------------------------------------------------AAA-AAAUGUCAGC--UGC-------------UGACUUGCUCGCCCCUCCCAGG-
Bos_taurus ------------------------------------------------------AAA-AAAUGUCAGC--CGC-------------UGGCU--CGCUCACCU---CUCC
Sus_scrofa ------------------------------------------------------AAA-AAAUGUCAGC--CUC-------------UGGCUCGCUCACUGCUCCCGGG-
Suncus_murinus CCUUCGAGGAGCGAAACC------------------------------------CAA-AAAAGUCAGC--CCCU------------GGCCGCCUCUCGC-CCUCUCGC-
Equus_caballus ------------------------------------------------------AAA-AAAUGUCAGC--CGC-------------UGGCUCGCUCGCCCCUCCCGG--
Elephas_maximus ------------------------------------------------------AAA-AAAUGUCAGC--CGCC------------GGCCGCUCGCCCCUCCCGGG---
Trichechus_manatus ------------------------------------------------------AAA-AAAUGUCAGC--CGCU------------GGCCGCUCACCCCUCCCGGG---
Dasypus_novemcinctus ------------------------------------------------------AAA-AAAUGUCAGC--CGC-------------UGGUCCGCUCGCCCCAUCCGGG-
Dasyurus_hallucatus ------------------------------------------------------CAA-AAACGUCAGC--CGA-------------GGCCGGGC-GGCCCC--------
Gallus_gallus CGGCGGUGGGGGUCGGGGGGGGGAGAGAAAGGGCCGAAAGGGGCUCCGCGGCCAAAA-AAACGUCAGC--GA--------------GGGG---UCCGCUCGCCCCG---
Anodorhynchus_hyacinthinus ------------------------------------------------------AAA-AAACGUCAGC--GACGG-----------GUCUCCCCAGCCCAGCCCGC---
Chelydra_serpentina ------------------------------------------------------AAA-AAACGUCAGC--GAG-------------GGGCCCUCCCCUCCCACGCCG--
Xenopus_laevis ------------------------------------------------------AAA-AAACGUCAGC--UGGG------------AGACUCCUCCGUUCGCA------
Bombina_japonica ------------------------------------------------------AAA-AAAUGUCAGC--UGG-------------GAGUCCUUCCUCUCCCUU-----
Ceratophrys_ornata ------------------------------------------------------AAA-AAACGGCAGC--CGCG------------GG--CCCUCCUGUUCCCAC----
Pyxicephalus_adspersus ------------------------------------------------------AAA-AAACGUCAGC--CGUA------------GG-CUUUCCUAUAGCCGC-----
Dermophis_mexicanus ------------------------------------------------------AAA-AAAUGUUAGC--UGG-------------GGAA-CGUCCCUUUCCCGAGAG-
Herpele_squalostoma ------------------------------------------------------AAA-AAAUGUUAGC--UGG-------------GGAA-CGUCCCUUUCCCGAGAG-
Typhlonectes_natans ------------------------------------------------------AAA-AAAUGUUAGC--CGG-------------GGAA-CGCCCCUUUCCCGAAUG-
Oryzias_latipes ------------------------------------------------------AAA-AAA-GCCAGAA-AAGA------------CUCCCCG----------------
Gasterosteus_aculeatus ------------------------------------------------------AAAAAAA-GCCAAGA-UGAC------------CACUCCG----------------
Takifugu_rubripes ------------------------------------------------------AAA-AAA-GCCAAGA-AAAU------------CACUCCG----------------
Tetraodon_nigroviridis ------------------------------------------------------AAA-AAA-GCCACGA-UGAU------------CGCUCCG----------------
Danio_rerio ------------------------------------------------------AAA-AAA-GCUAUAG-AG--------------UACUCUG----------------
Rhizoprionodon_porosus ------------------------------------------------------AAA-AAA-GUUCCAGCCGAG------------GCCUCCUCACCA-CGCGGC----
Mustelus_canis ------------------------------------------------------AAA-AAA-GUUCCAGCCGAG------------GCCUCCUCACCCCCGCGGC----
Dasyatis_sabina ------------------------------------------------------AAA-AAA-GUUUAAGCCGCG------------GCCUCCU--CCCCGGCGGC----
Rhinoptera_bonasus ------------------------------------------------------AAA-AAA-GUUUCAGCCGCG------------GCCUCCU--CCCCGGCGGC----

Ophiocoma_echinata ------------------------------------------------------AAA-GAA-ACUAGCU-UG--------------CUUUGAAACCGUCAAAACGGGGU
Ophioderma_panamensis ------------------------------------------------------AAA-GAA-ACUAGCU-U---------------GCUUUGAAAACGAUAAUACGGGU
Ophiothrix_spiculata ------------------------------------------------------AAA-GAA-AUUAGCU-UGCUGCAAAUUAUCAAGAUAGUCUGGAAUUUG-------
Strongylocentrotus_purpuratus ------------------------------------------------------AAA-AAG-GCUGGAC-UAU-------------CCUCUAUGGCUAUGU--------
Evechinus_chloroticus ------------------------------------------------------AAA-AAA-GCUGGGC-UAU-------------CCUCUAUUGGCUAUGU-------
Echinocardium_mediterraneum ------------------------------------------------------CAA-AAA-GCUGGU--UC--------------ACCUAACCUUUCAAGUAUCGG--
Abatus_cordatus ------------------------------------------------------CAA-AAA-GCUGGU--UUAC------------CUUUC------------------
Arbacia_punctulata ------------------------------------------------------CAA-AAA-GUUGGU--UU--------------ACCUUUUGCCGUUU---------
Mespilia_globulus ------------------------------------------------------AAA-AAA-GCUAGAU-UAU-------------CUCCG-AUGUUUGU---------
Lytechinus_variegatus ------------------------------------------------------CAA-AAA-GCUGGA--CUAC------------CCUCUAUAGCGAAGU--------
Dendraster_excentricus ------------------------------------------------------CAA-AAA-GCUGGC--UAGG------------CUUCUGGUGGGAGAUACC-----
Eucidaris_tribuloides ------------------------------------------------------CAA-AAA-GC-UGGU-U---------------UUACCUUUGCGUGU---------
Anneissia_japonica ------------------------------------------------------UAA-AAA-GGCA----UUC-------------CUGUUUGGU--------------
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Supplemental Fig. S1
Homo_sapiens AGAGGAACG------GAGCGAGUCCCCGCGCGCG--------GCGCGAU-UCCC--UGAGCUGU---GGGA-CGUGCAC----CCAGGAC--UCGGCUCACACAUGC
Tupaia_glis_belangeri ACAGCAACG------GAGCGGGUCCCCGCGAGCCU-------GUGCGCG-UCCC--UGAGCCGU---GGGA-CUUGCAC----CGGGGAC--UUUGCUCGGACAAUC
Oryctolagus_cuniculus AGAGGAACG------GAGCGGGUCCCCCAGCGUG--------GUGCGCU-UCCC--UGAGCUGU---GGGA-CUUGCAC----CCGGGAC--UCGGCUCAAACACGC
Cavia_porcellus AGAGAAACG------GAGCAGGUCCUCGCGCG----------GUGCACU-CCCC--UGAGCUGU---GGGA-AGUGCAC-----CGGGAC---GGGCUCCUACAAGC
Chinchilla_brevicaudata AGAGAAACG------GAGCCUGUCCCUGUGCACG--------GGGCGCU-UCUC--UGAGCUGU---GGGA-AGUGCCC-----CGAGAC--UCGGCUCCUACAAGC
Geomys_breviceps ACAGCAACG------GAACCGGCCCCUUCGCCCU--------GUGCGCU-UCCC--GGAGCUGU---GGGA-UGAGCAC----CCGGGGU---CGGCUCCUACAGUU
Microtus_ochrogaster ACAGUAACG------GAGCUGGUCCUUGUUCG----------GUGGCU--UCCC--UGAGCUGU---AGGA-AGUACAC----CCAGAGC--UCGGCUCCUACAACC
Cricetulus_griseus AGAGAAACG------GAGCUGGUCCCGUGAACG---------GUGACU--UCCC--UGAGUUGU---GGGA-AAUGCAC----CAGGAAC--UCGGUUCCCACAACC
Mus_musculus ACAGGAAUG------GAACUGGUCCCCGUGUUCG--------GUGUCU--UACC--UGAGCUGU---GGGA-AGUGCAC----CCGGAAC--UCGGUUCUCACAACC
Mus_spretus ACAGGAAUG------GAACUGGUCCCCGUGUUUG--------GUGUCU--UACC--UGAGCUGU---GGGA-AGUGCAC----CCGGAAC--UCGGUUCUCACAACC
Mus_musculus_castaneus ACAGGAAUG------GAACUGGUCCCCGUGUUCG--------GUGUCU--UACC--UGAGCUGU---GGGA-AGUGCAC----CCGGAAC--UCGGUUCUCACAACC
Rattus_norvegicus ACAGUAACG------GAACUGGUCCCUGAGUUCG--------GUGGCU--UUCC--UGAGAUGU---GGGA-AGUGCAC----CUGGAAC--UCAGUUCCUACAACC
Mustela_putorius_furo AGAGAAACG------GAGCGGGUCCCCUCGCGCG--------GUGCGCU-UCCC--UGAGCUGU---GGGA-CUUGCAC----CCGGGAC--UAGGCUCACACACAC
Procyon_lotor AGAGAAAACG-----GAGCGGGUCCCCUUGCGCG--------GUGCGCU-UCCC--UGAGCUGU---GGGA-CUUGCAC----CCGGGAC--UAGGCUCACACACAU
Felis_catus AGAGAAACGG-----GAGCAGGUCCCCGCGCGCG--------GUGCGCU-UCCC--UGAGCUGU---GGGA-CUUGCAC----CCGGGAC--UGGGCUCAGACACAU
Bos_taurus AAAGGAACG------GAGUGGGGUCCCCGCGCGCG-------GUGCGCU-UCCC--UGAGCUGU---GGGA-CUUGCAC----CCGGGAC--UCGGCUCAGACAUCU
Sus_scrofa AAAGGAACG------GAGUUGGUCCCCGCGCGCU--------GUGCGCU-UCCC--UAAGCUGU---GGGC-UGUGCAC----CUGGGAC--UCGGCUCAGACACUU
Suncus_murinus AGAGAAACUG-----GAGCCGGGCCCUCCACG----------GUGCC---UCCC--CGAGCUGU---GGGA-UCUGCAC----CCGGGAC--UCGAACCCUACACUU
Equus_caballus AGAGGAACG------GAGCGGGUCCCCGCGCGCG--------GUGCGCU-UCCC--UGAGCUGU---GGGA-CGUGCAC----CCGGGAC--UCGGCUCAAACACGU
Elephas_maximus AGAGAAACG------GAGCGGUUCCCCGCGUGC---------GUGCGCU-UCCC--UGAGUUGU---GGGA-UGUGCGC----UCGGGGC--UCAGCUCCGACAGGU
Trichechus_manatus AGAGAAAUG------GAGCGAUUCCCCGAGUAC---------GUGUGCU-UCCC--UGAGUUGU---GGGA-UGUGCGU----CCGGGAC--UCAGCUCCGACAGGU
Dasypus_novemcinctus AGAAAAACC------GAGCGAGUUCUCACGCGCG--------GUGCGCU-UCCC--UGAGCUGU---GGGU-CGUGCGC----CUGGGAC--UCGGCUCAGACACGU
Dasyurus_hallucatus AGAGUAACCGU----GAGCCGGCGCCCAGCCUUCA-------GGGCGC--UCCC-UCGAGCUAU---GGGA-GCUGCCC-----CCGGGC--ACGGCUCGGACACCC
Gallus_gallus AGAGCAAACGG----GAGCGGCGCCCCCGGGGUAACCC----CCGCGCU-CCCC--UGCGCCGU---GGGG-CGCGCGG-----ACGGCG---UCGCUCCCACACGC
Anodorhynchus_hyacinthinus AGAGCAAAACG----GAGCGGCGUCCUCGGCACAGCCG----CCGCGCU-UCCC--UCAACCGU---GGGA-UGCGCGG-----ACGGCG---CCGCUUCGACACCC
Chelydra_serpentina AGAGCAAACGU----GAGCGGCAGCCCCUGCGCCA-------CCGCCCU-CCCC--UAAGCUGU---GGGG-CCCGCGG---UCGGGGCU---GCGCUCAGACACGC
Xenopus_laevis AGAACAAAAG-----GGGGCGCGCUGGUGCUCAGGCUCAGUCAUGCUU--UCCC--UUAGUUGU---GGGA-UAUGCGU----GUUCAGC--CAGUCCCCGACAUGU
Bombina_japonica AAAAUAACGA-----GAGCUGAGUUGGCUUCUCCU-------GUGCUG--UUCC--UGAGCUGU---GGAA-CUUGCAA----UCGCAGU---CGGCUCUGACACUU
Ceratophrys_ornata AGAGUAAAGC-----GAGCCGCGCUACUUGUCCUAU------CUGCCG--CUCC--UAAGCUGU---GGGG-CGUGUAG--GGUACACAA----GGCUCCGACAUUC
Pyxicephalus_adspersus AGAAUAAAGC-----GAGCCCAGCUGCCCCGCUCUGUU----CCACUG--CCCC--UGAGCUGU---GGGG-UUGGUGA---AUUGCAGC--AUGGCUCCGACAACU
Dermophis_mexicanus AGAGCAAAUGGU---GAACUGGGUGCCUGUUGGGG-------UCGCG---UCCC--UGAAGAGU---GGGA-AGUGCGA----UCUGUGU-UCCUGUUCAGACACAC
Herpele_squalostoma AGAGCAAAACAGU--GAACUGGGCGUGUGCUGGGG-------UCGCG---UCCC--UGAAGUGU---GGGA-UGUGCGA----UCUGUCC-GCUUGUUCAGACAUUG
Typhlonectes_natans AAAGCAAAUGGU---GAACUAGGUGCGUGUUGUGG-------UCGUG---UUCC--UGAAGCGU---GGAA-UGUGCGA----UCUGUGC-GCUAGUUCAUACACAC
Oryzias_latipes AGAUAAAAAU-----GAGCAAGGCGAUCCU------------GCCG----AACC---UCAUGU----GGUC----CGGU-UCGGUAUCCU---ACGCUCAGACAAAU
Gasterosteus_aculeatus AGAGUAAAACU----GAGCAGGGCGAC---------------UCUCCCA-GAUC--GUUCCAGU---GAUCCGGUCAGA-----AAGCCC---CCGCUCAAACACCC
Takifugu_rubripes AGAGAAACAGU----GAGCGUGGUGAC---------------UCUA----CCGGUUCUUCCAAUGUCCCGG---UUAGG------AUACC--CAAGCUCAAACACUC
Tetraodon_nigroviridis AGAGCAAAACU----GAGCCUGGUGAC---------------UCUA----CCGGUUCUCCCAGUGUUCUGG----UAGG-----AAUGUC--CAAGCUCAAACACCC
Danio_rerio AGAUUAACUU-----GAGCAUGGCGAAGG-------------UUUG----CGGACCUCAAACACUGAUCCU---GCAAA-----UACGCC--ACCGCUCAGACAUGC
Rhizoprionodon_porosus AUAGUAAAUAUCCGUGACCAGUGGCCUCGGUGGC--------UGCGUC--UCCC--GGAGCAAU---GGGA--CCCGCA---AGGCUGCC---CUGGUCAUACACGC
Mustelus_canis AUAGCAAAUAUCCGUGACCAGUGGUCUCGGUGGC--------UGCGUC--UCCC--GGAGCAAU---GGGA--CCCGCA---AGGCUGCC---CUGGUCAUACACAU
Dasyatis_sabina AGAUUAAAUAGCUU-GACCAGACGCUAUGGCCUGUAC-----UGCAUU--UCCC--AGAGCUGU---GGGA--CCUGCA---AAUCUGCG---CUGGUCAUACAUUU
Rhinoptera_bonasus AGAUUAAAUAGCUU-GACCAGACGCUAUAACCUGUAC-----UGCAUC--UCCC--AGAGCUGU---GGGA--CCUGCA---AAUCUGCG---CUGGUCAUACAUUU
Ophiocoma_echinata AGAGCAAACAU----GGUGCUUGAUAUG--------------CCUUC---UUCC---AAGCUAU---GGAA--UUAAGG----AUGAUAU---UGCACCAAACAUUU
Ophioderma_panamensis AGAGCAAACAU----GGUG--CAUAAUAUG------------CCUUC---UUCC---AAGCUGU---GGAA--UUAGGA---UGAUAUUG-----UACCAGACAUUU
Ophiothrix_spiculata AGAGUAAACUU----GGUGU-AAUUUGCAA------------CCUGUA--UUCU---UAGAUAU---AGAA--UUUAGG--UUUAUGAUG--UGACACCAGACAUUU
Strongylocentrotus_purpuratus AGAUCAACUAGC---CAAGACUUGUUGAAAAA----------UCUCA---UACU-GAGAGUUCAU--AGUA---UGAGG-------UCAUACAGUCUCGGCACAUUU
Evechinus_chloroticus AGAUCAAUUUCAC--CAAGACUUGGUAUAGU-----------AUCUCC--UACU-GAAAGUUCAA--AGUA---CGAGG-------UGAUCCAAUCUUGGCACAUUU
Echinocardium_mediterraneum AGAGUAACUAAAAU-GAAUAAAGACUUCUAU-----------AAACCUGGUGUC--UGAAUCAAU--GACAUUCAUGGUGAGACUUGUCU---UUAUACAAACAUUA
Abatus_cordatus AGAUUAAAGCU----AAAGACUGGCCUAAAAA----------CCUUG---UGUC--AGAAUCAAU--GACAUACACGGU---GAGACGGU-----CUUUAUACACGC
Arbacia_punctulata AGAUCAAAUUUAC--AAAGCCUGGUAGAA-------------AUGUCU--UGCC-CAGAGACAAC--GGCA--AGAGAU----GGUCCAG----UCUUUGUACAUAA
Mespilia_globulus AGAUCAACUUGC---CAAGAAUUUGAGAAG------------AAACU---CAUA-CUGAGAUUUG--UAUG---AGUUU-----AUCAAA----CCUUGGUACAUUU
Lytechinus_variegatus AGAUCAACUUGC---CAAGCUCUAGUGCUGCUAA--------AUCUCG--UACU-GAAAGUUAAU--AGUA--CGAGGU------CACAC-AAAUCUUGGUACAUUA
Dendraster_excentricus AGAUCAAAUUU----GGAUACCGGUUGUCAA-----------CCUUU---UGUU--CGAGACCAU--GACA--UAAAGG------AAACC--GGUUGCCAUACAUCU
Eucidaris_tribuloides AGACUAAACUU----GAACUCAAAAAUGCUUUUCUGU-----UCUC----AUGU-UAAAAGUCAU--ACAU-GGGGGGG-CAUUCUUUUG---UAGUCUUUACAUUU
Anneissia_japonica AGAUUAACUU-----GGAUCUGUUGGUAU-------------ACUAUG--AUGG-GGUUUUCUGUA-CCAU---CAUGU-----UGCAAC----AGUCCAUACAUUA
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Petromyzon marinus AGAGUAACGA-----GAGG--GUUCGGGUCUCCG----CU------GG-GC--U--UCCCC-----CUGAUUGGU--------GGGGA--UU---GCACU-UC-----UGGCCG---CCUCUUACAUGU
Lethenteron camtschaticum AGAGUAACGA-----GAGG--GUUCGGGUCUACG----AU------GG-GC--U--UCCCC----CUUGAUUGGU--------GGGGA--UU---GCACC-UC-----UGGCCG---CCUCUUACAUUU
Lampetra planeri AGAGUAACGA-----GAGG--GUUCAGGUCUCCG----AU------GG-GC--U--UCCCC-----CAGAUUGGU--------GGGGA--UU---GCACC-UC-----UGGCCG---CCUCUUACAUGU
Eptatretus burgeri CGAGUAAUG------GGAAU-----------ACACGA-UUGUUU--GCGG------CCUUC-----UUGAAAUGUGG------AAUGG--A-----CUGC--C--UCGUGU-----AUUUCAUACAUCC
Eptatretus atami CGAGUAAUG------GGAAU-----------ACACGA-UUGUUU--GCGG------CCUUC-----UUGAAAUGUGG------AAUGG--A-----CUGC-----------------------------
Asymmetron lucayanum AGACAAAAUU-----GGAAA--AUU------CGGUG--CCGUC---AGCCC--UUCUCCA------AAGAUA------------UGGA-GUGU--GGGUU------UGCCG-UC--UUUCC-UACAUAA
Branchiostoma floridae AGAUAAAAUU-----GAAA---GUU------CGGUG--CCGU---- CCUU

CCUU
-
-

--UUGUCCG------AAGACU------------UGGA--GUU-- -
-

AGGG
AAGG

-UU---UGCCG-AG---UUUCCUACAUAC
Branchiostoma belcheri AGAUAAAAUG-----GAAA---AUU------CGGCG--CCGA---- --UUCUCUG------AAAAUU------------UGGA--GUA-- AUU---UGCCA-AU---UUUCCUACAUAA
Saccoglossus bromophenolosus AGAUAAAACACCAUUGAGAGA-AC------- GGUC

GGUC
-
-

--AUUGAA---CCUG-----GUUCU-----GUAAUCUU---------AGAGC--UG---CAGG--CC--- -
-

GACC
GACC

--G-UAUCUCAAACAUUC
Saccoglossus kowalevskii AGAUCAAAU---AUUGAGAGA-AC------- --AUUUC---GCCUG-----GUUCU-----UAAGCAUU---------AGAAC--UG---CAGGU-C---- AUGGUCUUUCAAACAACC
Harrimaniidae Iceland AGAUUAAAUGCCAUUGAGU---AA-------GUAGU--CAUUGU--GCCUG-----GUUCU-----CUAGUCGU---------AGAAC--UG---CAGGC-CA---GCUAC--C---ACUCAAACAAAC
Ptychodera flava ACAUCAAAUAU----GAGA---U--------CGUUGC-CACC----UCCCG-----UUAC------GAAGUUAU----------GUAA--U----CGGGGACCA-GCUUCG------UCUCAAACAAAC
Acanthaster planci AGAGUAAUACU----GUCA------------UUGCU--CAUCUCACUUGCCGG---CACUU----UAAAGCCAU---------AGGUG-----UUGGCAA-CA---GGCAA------UGCCAAACACAC
Asterias amurensis AGAGUAACUU-----GACGU--AA-------GUUUUC-GAC-----UCCC-CG---CACUU--UGACUGCACGGUCAUUAUGUAAGUG-----UGAGGGA-----GAAAAC--G--AUGUCAUACACUU
Asterias rubens AGAGUAACUU-----GACGU--AA-------GUUUUC-GAC-----UCCC-UC---CACUU--UGACUGCAUGGUCAUCAUGUAAGUG-----UGAGGGA-----GAAAAC--G--AUGUCAUACAUUU
Asterias forbesi AGAGUAACUU-----GACGU--AA-------GUUUUC-GAC-----UCCC-BC---CCCUU-----U--------------------------------------------------------------
Patiria miniata AGAGUAAAACU----GCCAUU----------GCU-UCACU------UGUC-AG---CACUU-----UGAACCGU---------AGGUG-----UU-GGCA----UGACAGC----AAUGUCAAACAGGU
Patiriella regularis AGAGUAACU------GUCAUU----------GCUU---CGCU----UGCC-UG---CACUU-----UGAACCGU---------AGGUG-----UG-GGCAUUA----AAGC----AAUGCCAAACAUGU
Pisaster giganteus AGAGUAAAUU-----GA----------------------------------------------------------------------------------------------------------------
Pisaster ochraceus AGAGUAAAUU-----GACA---AA-------GUUU---UUCUAC--UCCC---CUGCACUUUGAUCACGAGUCAUGU------AAGUGUGGAG---GGGA--U----AAAC--G---------------
Echinaster spinulosus ACAGUAAACU-----GGCAU--UG-------CUUC---CACG----UGUC---UA-CAUC------UGAACCUGU---------GGUG--UU----GACA--A----GAAG--U--AAGCCAAACAUUU
Ophionereis fasciata AGAGCAAACAU----GGUGUG----------UGGU---A-------UAUACUUCU-UUCC------UAAGAUAU----------GGAA--UU-AAGGAUG-------AUAA----CACACCAGACAUUU

box H ACAP7a P7b P8a P8b P7aP7bP8aP8b

Petromyzon marinus ----GCC---GCUCCCCGUUGGCCCG------CGAGC------------UCUU------------GCUCGUU------CUAACCCUAA----UUGUUUCCUUUG-------------------GCCUC-UCUC--AAUUG-----UUUGC
Lethenteron camtschaticum ----GCC---ACUCCCCGUUGGCCUC------CGAGC-----------UUCUU------------GCUCGUU------CUAACCCUAA----UUGUUUCAUUUG-------------------GCCUCUUCUC--AAUA------UUUGC
Lampetra planeri ----GCC---GCUCCCCGUUGGCCUC------CGAGC-----------UUUUU------------GCUCGUU------CUAACCCUAA----UUAUUUCAUUUG-------------------GCCUCUUCUC--AAU------UUUUGC
Eptatretus burgeri CGUCGGCGCAUUCUUG--GCUCAUGU------UUUGUGUGUU------UUUUGC------AGCUCACGAAU-------CUAACCCUAAC---AGCUUGGUUGCUUUAGUUAGUGACAUGGUG----ACCCC--GCAUGUUUAC----CGC
Eptatretus atami CGUCGGCGCAUUCUUG--GCUCAUGU------UUUGUGUGUU------UUUNGC------AGCUCACGAAU-------CUAACCCUAAC---AAAUCAUUUUCUUUAGUUNNNNNNNUGGUG----ACCCC--GCAUGUUUAC----CGC
Asymmetron lucayanum ---CUUUCCAGUCUUGGUCCUGUC--------GGGAUG---------UCUAACC----------CAUCCCA-------CUAACCCUA-----GUGUGUAUUA--------------------UCGGCCUUCCA----UUUUAU--CCUGC
Branchiostoma floridae ---CUCUCCUG-UUUGGUCCCG------------------------------------------------UCUCUCU-CUAACCCU------GAAUGUACCCUUCUC----------------CGGUCUUCCA----UUUUAC--CCUGU
Branchiostoma belcheri ---CUCUUUCGUCCUGACCACG------------------------------------------------GCACAUU-CUAACCCUA-----UUUACACUCAAGACGUCUGUCUUGCUU---CCCGUCUUCCA--UCCUAU----CUUGC
Saccoglossus bromophenolosus --------CUUCCUGACUUCUCCAAU------GGACUUGA-------AGUUUGUC-------UCCAGUCCUCU-----CUAACCCUAACC--GGGUCGAAUACC-------------------UCUACUCC----UAU-----AUCUUGC
Saccoglossus kowalevskii --------CUUCCUGCGUUCUCAUUU------GGACUUGUUGUCUGG--GUU---CCAAGACUCCGGUCCUAUU-----UAACCCUAACC--GGGUCGGACACA-------------------UCCACUUC----UUUGCGU-AUCUUGC
Ptychodera flava ----UUCACUUCCU-----GCUCACGAA----GAGCCAGCCAUCCA---GGCG---UGGAGGUCUGGUUCUU-------UAACCCUAACC--GCGUGAACUUGGCC--------------------ACUCCGA--UAUGUAU-AUCAAGC
Acanthaster planci -----------CAGAGUGCAACCCUCCCACGUGCAGGC----------GUUGCA----------GCUUGCU-------CUAACCCUAACC--UCGCUGUUCGACAG-------------------CCGUCA----AUCCU-----CCUGC
Asterias amurensis -----------------GACGCGUCGUUGA--AGACGG-----------ACCGA----------CC-UCUAUAUU--CCUAACCCUAACC--UAGCUGACUUUUCAAUCAGCGACUUUUGG------GUUA----ACC-------ACAAC
Asterias rubens -------------------CGCGUCGUUCA--AGACGG-----------ACCGA----------CC-UCUAUAUU--CCUAACCCUAACC--UAGCUGAUUUAUCAAUCAGCGACUUUUGG------GUUA----ACC-------ACAAC
Asterias forbesi -----------------GACGCGUCGUUCA--AGACGG-----------ACCGA----------CC-UCUACAUU--CCUAACCCUAACC--UAGCUGAUUUCUCAAUCAGCGACUUUUGG------GUUA----ACC-------ACAAC
Patiria miniata ----------AGUGCAACCAACCAAGCCACACGCGAGC----------GCGGUA----------GCUCGCU-------CUAACCCUAACC--UAUCCGUCGCUUUUCAAAAGCCC------------ACAA----AC--------UCUAC
Patiriella regularis ----------AGUGCAACCAACCGAGCCACACGCGAGC----------GCGGUA----------GCUCGCU-------CUAACCCUAACCC-ACCCGUCGCUCUUCAAA------------------GUCCG---UAGAC-----UCUAC
Pisaster giganteus ----------------UGUCGUUCAA------CAUG-GA---------CCGACC---------UCGCAUGAU------CUAACCCUAAC---GAGCUGAAUAUUUCAC---CGACUUUUGG------GUUA----CCCUC------CAAC
Pisaster ochraceus ----------------CGUCGUUCAA------CAUG-GA---------CCGACC---------UCGCAUGAU------CUAACCCUAAC---GAGCUGAAUAUUUCAC---CGACUUUUGG------GUUA----CCCUC------CAAC
Echinaster spinulosus ----------------AUCGCAGAAU------UGGGC-----------GGGUUA-----------GUCCAU--------UAACCCUAACCCUUGUUUGGAA-------------------------------------------AACAGC
Ophionereis fasciata --GCCACUACGCU-UUUACUAGCAUG------UGUGGAC--------CUGGACG-A-------GUUCACA--------CUAACCCUA-----GGAUUUUCA-----------------------CUCUUCGC---UUACCUU-GUCUGGC

Petromyzon marinus UGAGUUUUG-----GCCGAGGU-CCAGCAAA--AC----GAGA-GAGGC-GUUCCACGGGCGUUGGUUU-AAAACUUGACAA-ACCUCGGC--UCCCA-------------CCAAUCGGGGAGUUAGGC----
Lethenteron camtschaticum UGAGUUUUG-----GCCGAGGU-CCAGCAAA--AAC---GAGA-GAGGC-GUUCCACGGACGUUGGUUUUAAAACUUGACAA-ACCUCGGC--UCCCA-------------CCAUUCGGGGAGUAAGGC----
Lampetra planeri UGAGUUUUG-----GCCGAGGU-CCAGCAAAA-C-----GAGA-GAGGC-GUUCCACGGACGUUGGUUUUAAAACUUGACAA-ACCUCGGC--UCCCA-------------CCAUUCGGGGAGUAAGGC----
Eptatretus burgeri UGUUUUGUG-----GUUGGUUUU-CAGCG----AUUCCU--GGGGU----GUUCGGUUGUGUGUUUCGUGGUUUU----AAAAAAGCCAGC--UCC---------------GGGUUUCAGGAAUGCGUCCAUG
Eptatretus atami UGUUUUGUG-----GUUGGUUUU-CAGCG----AAUCCU--GGGGU----CUUCGGUUGUGCGUUUCGUGGUUUU----AAAAAAGCUAGC--UCU---------------GUGUUUCAGGAAUGCGUCCAUG
Asymmetron lucayanum UGUUU-----------CAGCUCU-CAGCAGG--U-----UGGGG-GCCGACUUCUUACUUCAC----------------AAAAGAGC-GAA--UUUC--------------CGGGACUGAG-CUGGAGAG---
Branchiostoma floridae UGUUCUCAAACG--UCCAGCUCU-CAACAGG--U-----UGGAAGACCG-ACUCAUUAUCAUUUGCAC-----------AAAAGAGC-GGA--UGUU--------------CGGGGCCACA-CACGAGAG---
Branchiostoma belcheri UGUUCUCAUACU--UCCAGCUCU-CAGUAAG--------UGGGGGACGG-GCUCAUUUGCAC-----------------AAAAGAGC-GGA--UUUU--------------CGGGGUCAGG-CGAGAGAG---
Saccoglossus bromophenolosus AGUUUUUUACG----CCAGUUUU-CUGUGAGAUG-------GGAGUGGA-GUCCACUGAGCGUGAAUGAAGGCGAC---AAAAUAACUGG---UUGUA-------------GAGUUUUCGGGAAG--------
Saccoglossus kowalevskii AGUUUUUUAUG----CCAGUUUU-CUGUGGGAUU-------GGAGUGGA-GGAUAAACAAGAGCUG-------------CAAAUAACUGG---UUUCC-------------GAGUUCUCAGGAAG--------
Ptychodera flava AGUUUUUUU---GGUCCAGCUUU-CUGCG-GAU------UUGGAGU----UUGGCAUAAGAAGUUA-------------AAAACAGCUA-ACCGUGAU-------------AGUUUUUUCGGAGGUGAA----
Acanthaster planci AGUUUU------CAGCUUG-UUU-CUGUGGG--UACC----UGGUGG---UGCGACCCUCCCCC---------------UAAAAAACUUGCUGUGGUCACUGU--------GUUGCCUCUG------------
Asterias amurensis AGUUUUGA-----AGCUUG-UUU-CUGUUGU---UUG----UACAC----CGCGAAAC---------------------GAAAAA-CUUGCU-GGUCG-------------GUGUC-----------------
Asterias rubens AGUUUUGA-----AGCUUG-UUU-CUGUUGG---UUG----UACAC----AGUGAAAC---------------------GAAAAA-CUUGCU-GGUCG-------------GUGUC-----------------
Asterias forbesi AGUUUUGA-----AGCUUG-UUU-CUGUUGU---UUG----UACAC----AGCGAAAC---------------------GAAAAA-CUUGCU-GGCCG-------------GUGUC-----------------
Patiria miniata AGUUUU------CAGCUAG-UUU-CUGUAGG--C-----UUGU-------UCGUGCGACCGAAG---------------AAAAAAACCUGCUGUGAUCAUUGC--------GUUGUCUGUGUU----------
Patiriella regularis AGUUUU------CAGCUGG-UUU-CUGUAGG--CUUGUUCGUGC------AACCGAC----------------------CAAAAAACUUGCUGUGAUCAUUGC--------GUUACCUGUGUU----------
Pisaster giganteus AGUUUUGA-----AGCUUG-UUU-CUGUUG-----------UAUGU----UCCGAGGAAC-------------------AAAAAA-CUUGCU-GGUUGGUGUCAUGGACACACGACG----------------
Pisaster ochraceus AGUUUUGA-----AGCUUG-UUU-CUGUUG-----------UAUGU----UCCGAGUAAC-------------------AAAAAA-CUUGCU-GGUUGGUGUCAUGGACACACGACG----------------
Echinaster spinulosus AGUUUUUUG-----GCACAUUUU-CUGUUGUU------------------GUGUGCGCGUAUGAUU-------------AAAAAAAAGUGU--------------------UGUGGU----------------
Ophionereis fasciata AGUUUUUCA----AGCUAAUUUU-CUGCUGGAU------GCGAAGGG---CCAUAUUUUGAGCGCAGCG----------AAAGAAAUUGGCU-UG----------------CUAGAAAAUUACCAUUUGGC--
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Supplemental Fig. S3
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Lingula anatina ------------UUGUUGGGGCAU---------GCAUGGCGGGCCG---AGUA-----CGGACAGCCGUGCAACU-----CUAACCCUAAC----UAUUCUUG-----------UGCCUCGUCUCGCGGCAAA-----CCGUGCUGU UU
Phoronis australis AUUAGUUU------GACUUCCCA----------GCUAGCGAGUGUGC--GGUC----GCAUACUCGGUAGCCUUA----CCUAACCCUA------UUCUUUUUUUGAUUCC---------CCG-UUGCA-----CCGAGUACGCAGU GU
Capitella teleta -----------UUCUUGGCCACC----------GGCGGAGC-AA-----CAUG-------UU-GCUUCGCCU--------CUAACCCUAACC---AUUGAUCCCU-----------CCUCAACAUU------------CCCAGUUGU UU
Arenicola marina ------------UUCCGAUCUCUUUGAUCU---GGGAGGGUGAA-----AUUG-------UUCGCCCUCCCGGUCAU---CUAACCCUA------GCUUUUAUACCAUG-------CCC-UUCAGUGCACUUC-----GUCUGUCGU UU
Hydroides elegans -----------CACUACGUCACCAAC-------GCCAGGUCU-------UGUGU--------AGUCCUAGCGUCU-----CUAACCCUAA-----GUGGUUACG------------CGGUCUCAUUGCACUC-----GUGUUGCUGU AC
Eisenia fetida -----------CUCUGGCCGUGUGACA------GGUGAUC---------AAUUU----------GGUCACCGA-------CUAACCCUA------CAGUUAUUUGCUUAA----UUCCUUCGUGUGCACCAAA-----GUCCUCUGU UU
Lumbricus rubellus ---------GGCGUUGGCCGUGUGAAA------GGUGACC---------AGAAAU---------GGUUGCCGA-------CUAACCCUAAC----GGUUUUGUUUAA-------UUCCUUCGUGUGCACCAGA-----GUCCUCUGU UU
Amynthas corticis ---UUCCGGCAAUUGACCGUGUU----------GAGUU-GGG------UGAGAUU-------CCCAAACUCGUU-------UAACCCUAAC----UAGUUUUACCU--------GUCCUUCGCAUUUGCACACA---CGUCCGCUGU UU
Olavius algarvensis -------ACGAGCGUGUUUACGAUUUGGUU---UAGUGGAGGUU-----UUCG-------AGUUUCCACUACU------CCUAACCCUA------GGUUGUGAGCUAA-------ACCUCGCCUGGCGCGAU------GUCCGCAGU UG
Pomacea diffusa -----------------AUGGCUCAA-------AUGCGGU----------GCAA----------GCCGCAUGAU-----CCUAACCCU-------GACGUAUGUACU---------UUCUCUCACUGCACU------CUUUGUCUGUCUU
Conus tribblei -----GGUCAGUCAAUCGGUACGGA--------GGCGGCC---------GUCAU----------GGCUGCUGCUU----CCUAACCCUAA-----AAGUUUGGCCAA-------CUUUCUCUCAUUGCACU------CUGUGUCUGUCUU
Littorina saxatilis ------GUCAGUCAGGCGGUAGA----------GU-GGCC---------GCAAU----------GGCUGC-GAUCUGU--CUAACCCUAAC----UAUUUCAU-----------CUUUUUCUCAUUGCACCAU------GUGUCUGUCUU
Rapana venosa ------------------------------------------------------------------GCUGCACUCA---CCUAACCCUA------GAGGCUGGGCCA------UCUUUCUCUCAUUGCAC------CCGCGGUCUGUCUU
Elysia timida -------------AUUUCCAACUUAUGCAA---GAGGA-----------UGUU-------------UCCUCGAG------CUAACCCUAACCCUAUACAUACACAAUCUG----UGUGCAUCCAUUGCAU---------CUUGUGGU CU
Elysia cornigera -------------GUUUCCAACUUACGCAA---GAGGA-----------UGUU-------------UCCUCGAG------CUAACCCUAACCCUAUACAWACACAAYCUG----UGUGCAUCCAUUGCAU---------CUUGUGGU CU
Bathyberthella antarctica ----------------------CUUU-------GGUGGAGG--------AUGUU---------CCUCUGCUU------CCCUAACCCUAACCCU-GACAUCUGAAAUGAAAUC--CUGCCUUCAUUGCAC------------CCUGU GU
Haliotis laevigata --CGUGUCAUUCGAGAGUUCGCGGGC-------GGUAGG--------GAAGGCAGUC--------UCUACCAAGCG----CUAACCCU-------GACUUUCAAUAUA--------UCUCCUCGUUGU----------AUUGCUUGU UU
Haliotis discus_hannai -------GUCUUUCGAGGUCGCGGGC-------GGUAGA--------AACGGAAGUA--------UCUACCAAACG----CUAACCCU-------GACUUUCCACAGC--------UCUCCUUCCUGA----------AUUGCUUGUCUU
Haliotis tuberculata -----------------GAUCUGGGC-------GGUAGA--------GAUGUUGGUC--------UUUACCAAACG----CUAACCCU-------GACUUUCGAUAUA--------UCUCCUCGUGU-----------GUUGCUUGU UU
Crassostrea virginica ---------CGCCAUUUUCUGGUAUAUCGU---GCAUGGC---------GACUU----------GUCAUGCUCU-------UAACCCU-------GACGGUUUGUC-------GGGCUUCCCUAUCUGU---------GCU-GCUGUCUU
Crassostrea gigas -CAAGUUCCCGCCACUCUCUGGUUUACGU----GCAUGGC---------GACAU----------GUCAUGCU-------CCUAACCCU-------GACGUAUUACA--------GGCUUUUCUACAUGU---------ACUGGCUGUCUU
Pinctada fucata ----------UUUCUCGUUGGGUUGUCGA----GGCGU-----------UCUAC------------ACGUCUU-----CCCUAACCCUA CC---- UUUAUU-----------UUUGCUCCCAUUGCAU-------UUACUGCUGU UU
Pinctada martensii ----------UUUCUCGUUGGGUUGUCGA----GGCGU-----------CCUAC------------ACGUCUU-----CCCUAACCCUA CC---- UUUAUUU----------UUUGCUCCCAUUGCAU-------UUACUGCUGU UU
Mizuhopecten yessoensis --------------UGACUGGCUCUG-------GCGGAGGA--------CGUG----------UCUACCGCUUUUU----CUAACCCUAAC----UGUAUAGUCGC----------UCUCUCUAUUGCGUG-------UUCUGCUGU UU
Nodipecten subnodosus -----------------------------------UACGGA--------UGUG----------UCCAUCGCCUUCU----CUAACCCUAACC---ACAUUGUCGCU-----------CUCUCUAUUGCGC-------UUUCUGCUGU UU
Bathymodiolus platifrons ------------CACUUCAACCUUC--------GGUCAC----------AUUAG-----------GUGGCUUGUU-----CUAACCCUA------CAUUUUUCA----------ACUCUCCUCAUUGCACUUU-------CUGUUGG UU
Modiolus philippinarum --------------CUUCGGCCUU---------GAGCCAC---------GCGU-----------GUGGCUCUUA------CUAACCCUAAC----UUAUUUA------------AUUCAUCUCAUAGCAU-------UUUCUGUUGU UU
Mytilus galloprovincialis --------------CUUCGACUUUC--------GAGU------------CACCA-------------GCUCUUUU------UAACCCUAAC----UUUUCUU------------UUGCUCCUCAUUGCAC-------UUUCUGUUGU UU
Alexandromenia crassa ---------GGGGCUUUGCUGCGUCUUUCUCUAGCUACCCCGAC-----GACGU------GUCG-UGU-GCGUUAGAU--CUAACCCUA------GGUUUUGUCUGUGUGGGU---ACAAUAC-UUG-----------UCUUUGUGU UU
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Lingula anatina CCG-------AGACAAGCUUU-CAUCACGG---G----GACUUGGCA-UUCAUUUAAACUC--------AAA-AAAGCUUGUUU-UU------GCUCCGGCAA------------
Phoronis australis UUGUU--------CAAGUUUU-CUGCUGCUUGGGGACUUGG-------UGCGAAUUG------------AUA-AAAACUUG----UUAU----GGGAUGUUUUAGGUAAAUUAAU
Capitella teleta UCAA-------GGUUUGCUUU-CAACAGGG--------GUUGAGG---GAGCGGCUGGGAAAACAAAACAAA-AAAGCGAACC--CA------GUGGCCAGGAA-----------
Arenicola marina CUCA-------GGCCUGCUUU-CGACAGAC---AU---GAACGGG---AAGUACCCAAAAA--------UAA-AAAGCAGGCC--CUGC----GAGAUAUGGAA-----------
Hydroides elegans UCUUG-------CCCAGCCUU-CAGCAGCAC--A----GGGAUCG---UUCGAAACAAAUAA-------AAA-AAGGCUGGG---UUU-----GUGACAUUUAGUG---------
Eisenia fetida CACA--------GCUUGCUUU-CAGCGGAC---G----ACGAAGGAA-AAUGCCUGUGACG--------AAA-AAAGCAAGC---C-------CACGGUCAGAG-----------
Lumbricus rubellus CACA--------GCUUGCUUU-CAGUGGAC---G----ACGAAGGAA-AAUGCCUGUGAGC--------AAA-AAAGCAAGC---C-------CACGGUCAAAAGCC--------
Amynthas corticis CUCA--------GCUUGCUUU-CAGCGGACG-------GCGAAUGGACUUUUACAGCG-----------AAA-AAAGCAAG----U-------ACGCGGUCGAGCGUCGGGA---
Olavius algarvensis UCUGU--------CCCGCUUU-UUGUGGAC--------GGCGAGGU--AAAAUGAAAA-----------UAU-AAAGCGGG----CAC-----CGUAACCGCGUUCGU-------
Pomacea diffusa UUC--------AGUCUGUUUC-CAGACAAAG-------GAGAGAA---UGAUAAAAGCC----------AAA-GAAACUGACU--A-------GCCAU-----------------
Conus tribblei UC--------UGGUCAGCUUC-CAGACACAG-------GAGAGGAAG-CGAAUU---------------CAA-GAAACUGACCA-UA------GUGCCGGUUGGUAAACC-----
Littorina saxatilis UC--------UGGUCAGUUUC-CAGACAC----GC---GAGAAAAAG-GAAAAAC--------------UAA-GAAGCUGACUA-CA------CUACCGUCUUAC-GGC------
Rapana venosa UC--------UGGUCAGCUUC-CAGACU-CGG------GAGAGAAAGAGAAUC----------------CAA-GAAACUGACUG-CA------GUACCGAUUCCAUCU-------
Elysia timida UUGCA------GGCCAGUUUUUCCACUAG---------GGAUGCACA-GCAAUU---------------AAAAGAAACUGACC--U-------GUUGGAAAU-------------
Elysia cornigera UUGCA------GGYCAGUUUUUCCACAAG---------GGAUGCACA-GCAAUU---------------AAAAGAAACUGACC--U-------GUUGGAAAU-------------
Bathyberthella antarctica UCUUUUGGUCCGGUUUCUUUU-CAGG------------GAAGGCAG--UUUUA----------------AAA-CAAAGAAACCGGUCUG--------------------------
Haliotis laevigata UUUAUG------GUAGGGUUU-CAGGCAAU---A----GUGGAGA---GUUUAAAUAACU---------AAA-GAACCCUAC---UCUGA---GCGUUCUCUCGAAUGAU-----
Haliotis discus_hannai UAUG--------GUGGGGUUC-CAGGCAAU---A----GAGGAGA---GUUUAAAUAACA---------AAA-GAACCCUAC---UCUGA---GCGGUCUCUCGAAUGAU-----
Haliotis tuberculata UAUG--------GUGGGGUUU-CAGGCAAU---A----GGGGAGA---GUUUAAAUAACU---------AAA-GAACCCUAC---UCUGA---GCGUUCUCUCGAAUGAU-----
Crassostrea virginica CGA-------AGACCGGCUUU-CAGCAGC----C----AGCGAAGCUC--AGAAAUA------------AAA-GAAGCCGGUCU-AGA-----CCUGGAAAUGCUG---------
Crassostrea gigas CGA-------AGACUGGCUUU-CAGCAGU----C----AGAAAAGCU--CAGAAAUC------------AAA-GAAGCCAGUCU-AAU-----CCAGGAGUUAGUCACAAUUUG-
Pinctada fucata UGA--------GACAGGCUUU-CAGCAGUAA-------GGGGGUGAA--UUUAAAUU------------CAA-AAAGCCUAUC--CUACUU--CCCAAUGUGAAA----------
Pinctada martensii UGA--------GACAGGCUUU-CAGCAGUAA-------GGGGGUGAA--UUUAAAUU------------CAA-AAAGCCUGUC--CUACUU--CCCAAUGUGAAA----------
Mizuhopecten yessoensis UCU--------GACCAGUUUU-CAGCAGAA---A----AGGGAGA---UGUCAAAUA------------CUA-AAAGCUGGUC--A-------GCCGGUCA--------------
Nodipecten subnodosus GUUA--------ACCAGUUUU-CAGCAGGAA-------AGGGAG----GUGCAAAAUUA----------CAA-AAAGCUGGU---CC------GUCGGUCA--------------
Bathymodiolus platifrons UCAU-------GACAAGUUUU-CAACAG-----UAA--GAGGUGAGU-GCUCGGUUCAUGCAUGG----AAA-AAAACUUGUC--UU------GGUUGCAGUG------------
Modiolus philippinarum UCAC-------GAAAUGUUUU-CAACAGAAA-------GAGGUGAAU-GGUCCUGCGACGCU-------AAA-AAAACAUUUC--UU------GGUUGAAG--------------
Mytilus galloprovincialis UGU--------GACAAGUUUU-CAGGAGAAA-------GAGGAGUAA-GGUGGGUCGGU----------AAA-AAAACUUGUC--UU------GGUUGGAG--------------
Alexandromenia crassa UUA-------UGGUCCGCUUU-CACGGAGA--------GUAUUGU---UUACGAAAUGCAUA-------AAA-AAAGUCGACCA-AGAAAAACGCAGCAAAGCCUU---------

P1 P1.1 TemplateP1.1 P2a P2b

P3 P1P3 P2b P2a

box H ACAP7a P7b P8a P8b P7aP7bP8aP8b

Lingula anatina UCAUUAAACACCAGU-GC--------UUUU---AGAAAAU---------------GCUGC-------UU-GGC------ACGAGUUUG-----GCC---UU---------GUGGC-------GUUUUCU--UACAU---------GC--GCACAUAU
Phoronis australis AGAUCAACGACU----GCAU------G------GUU-----AUGU----------UUGUCA------U--ACAA------CCAACCAU----UUGU---U---------UGACAG-UAAA------AGC---A----------AUGC-AGUACAAUU
Capitella teleta AGAGUAACAUU-----GCU-------UCAG---CGA-GCACUUUCGU--------GGGGAA------AC-UCC-------GCAGUGCGU----GGA--A----------UUCGCC-UCC--GUGCUUCG--U------------AGC--AUACACAC
Hydroides elegans UGAUUAAAAUU-----GUCUGGGCAGGUCA---CCGU----GUCUC---------UUGGCA---------AGUUGUU---UUAA-----AGCUGCUUAAUUUA------UGCCAA----------ACGGAACUAG-CUGUUUCAGAC---UACACUU
Eisenia fetida AUAGCAAAUUUCAGU-GCAC-------------UGAC----GUCUU---------AAGG--------GU-UGCAC--ACACAAGUU-----GUGUA--CUU----------CCUU--ACA-----GUAA--------------GUGC--AUACAUUU
Lumbricus rubellus AUAGCAAAUUCCGU--GCAC-------------UGAC----UUAUU---------AAGG--------GU-UGC------------------------------------------------------------------------------------
Amynthas corticis GCAUCAAACACCA---GUG-------CAAA---GUC-----UUC-----------CUGAGC---------GCGUGCA---UUGGU----UGC-CGC---U---------GCUCAG--UUU------GAU--GU-----------CGC--ACACAUUU
Olavius algarvensis AGAGUAAAUGUUAAAUGCAGU-----U------GUU-----AAA-----------AGAGCAGUC----U-CAA---------GUA--------UUG---U------GGCUGUUCU---AA------AAC--UAU--------ACUGC--AUACAUUU
Pomacea diffusa AGAUUAAAU-------GCAG-------------UUAGG---AUG-----------AUA-CCUUCGUG-U--ACA-------AGA--------UGU--------CACGGAGGCUAU----A----CCUAG--------------CUGC---UACAAAC
Conus tribblei ACAGAAAAAUACA---GCUU------U------CGAAC---CCGUU---------GCCG---------U-GUCA------GAGU--------UGAC---UC----------UGGC-CCCA----GUUCG--------------GAGCUGUGACACAU
Littorina saxatilis ACAGAAAAUUACA---GCC-------AU-----UGAA----AACUGGAGCU----GUCUUUGU-------GUCA------GAGU--------UGAC-----------AUAAAGAC----------UUCA--C------------GGCUGUUACAGAU
Rapana venosa ACAGCAAAAGACA---GCUU------UU------GAA----CCCAGUGAACGUUGCUCUCCG------U-GUCA------GAGU--------UGAC---UC-------UGGAGAG--G-------UUC-----------------------------
Elysia timida ACCUUAACAGA-----GCA-------UGUC---CUUGC---GAUUAA--------GGUUC--------U-UUCU------UAACU-------AGAA---UU---------GGGCC--CAA----GCAAG--UU-----------UGC---UACAAAU
Elysia cornigera ACAGUAACAGA-----GCA-------UGUG---CUUGC---GAUUUUAAAAA---GGUUC--------U-UUCU------UAACU-------AGAA---UU---------GGGCC--CAA----GCAAG--UU-----------UGC---UACAAAU
Haliotis laevigata AGAUUAAACU------GCCA------A--------CAU---AUGUA---------CGCGGG---------CACA-----UAAGAUGU-----UGUG------------UUCGACG--AAA----GUG----C-----------UGGC--AAACAUUU
Haliotis discus hannai AGAUUAAACU------GCCA------UC--------AU---AUA-----------CGCCGU---------CACA-----UUAGGUGU-----UGUG------------GUCGAC-AAAAAC---GU-----------------UGGC--AAACAAUU
Haliotis tuberculata AGAUUAAACU------GCCA------G--------CAU---ACAUAUGU------CGC------------CACG------UAAGAUGU----CGA--------------------------------------------------------------
Crassostrea virginica AGAUUAAAU-------GCC-------GA-----UACAUC--AG------------UUUAUGUG-------UGUU------AAAGAA------AACA-----------UACAUAGA--------GGUGUG---------------GGC--AAACAGAC
Crassostrea gigas AGAUCAACC-------GCC-------ACU-----GCAUC--AA------------UUUAU--------A-CAUG----CUCAAGAACA----CAUG---C----------AUAAG--------GAUGU---U------------GGC--GAACAGAU
Pinctada fucata AGAUCAAAUG------GUCUUU----A--------GAU---AA------------GCUC--------CUUUCGA-------AAGUCA-----UCGA--UCGA---------GAGC---CA----AUC----AA--------GAAGAC--CUACAUUA
Pinctada martensii AGAUCAAAUG------GUCUUU----G--------GAU---AA------------GCUC--------CUUUCGA-------AAGUCA-----UCGA--UCGA---------GAGC---CA----AUC----AA--------GAAGAC--CUACAUUA
Mizuhopecten yessoensis AGAUAAAACC------GGAGA-----CGCAAACUGUCGGC-U--------------GUC-----------GAAG------CUAUGA------CUUC-----A---------GAC--------GUUGUCA-------------UCUCC--GUACACUU
Bathymodiolus platifrons AAAUAAAAAA------GCAAG-----GA-----UAC-----GAAUU---------GGUCG-------U--UUUUG----AAGAA-------UAAAA--U-----------UGACU-----------GUA--AA---------CUUGC--UGACAAUA
Modiolus philippinarum AAAUUAAUAA------GCAGG-----ACU----UCAA----AGC-----------GGUCAU------GUA-UGC------AGAAC--------GCA--A----------AUGGCC--UUG-----UUGA-------------CUUGC--UUACAAUA
Mytilus galloprovincialis AUAUUAAUU-------GCAAG-----UC-----UACA----ACAC----------GC-CA----------CUUU-----UCGAGUGU-----AGAG---C----------UG-GU---AA-----UGUA--GC---------UUUGC--UAACAAUU
Alexandromenia crassa AUAUUAAACU------GCUA------A------UAC-UCAA--UC----------UGACG-------A--UGCC------GGAGAGUU----GGUA--GC----------UGUCA------UUGACGUA--G-----------UAGC--ACACAUAA
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ClassPhylum

Reptilia
Aves

Cephalochordata
Cyclostomata
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Actinopteri
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N: Identified previously
N: Identified in this study
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Acropora digitifera AGUCUUCCUCGCACUCAUCGUCUCCUUCUUUGA----------GCUGGGC------UAGCA--------GUCCAGCGUU---CUAACCCUAA-----GGGUUU---------------------------UGUGCAGUC---AGUA---------GACUGGACA------UAUUUGAUAU
Acropora cervicornis -------------------------------------------------------------------------AGCGUU---CUAACCCUAA-----GGGUUU---------------------------UGUGCAGUC---AGUU---------GACUGGACA------UAUUUGAUAU
Acropora hyacinthus AGUCUUCCUCGUACUCAUCGUCUCCUUCUUUGA----------GCUGGAC------UAGCA--------GUCCAGCGUU---CUAACCCUAA-----GGGUUU---------------------------UGUGCGGUC---AGUU---------GACUGGACA------UAUUUGAUAU
Stylophora pistillata ------GCUCG---UUCGCG--UUCUUCAUGUGAAAGGU----GCUG-------UAUUCAAU----------CAGCAAU---CUAACCCUAACCC--AGGUUUCAGUU-----------------UGGUUCAUGCUCAG----CCU---------CUAAGCAUUGACUA-AGCCUAA---
Seriatopora hystrix AGCA---AUUCCCCCGCGCG--UUCUUCAUUAUAAAGUU----GCUG-------UAUUCAAA----------CAGCAAU---CUAACCCUAA-----GCCAGGUUAUAGAC--------------UGGUUUAUGCUCAG----CUU---------CUGAGCAUUGACUA-AAU-UAAU--
Madracis auretenra ------UUG-CUCUAGUUCGCUUUCUUC---CGUUAGGU----GCUG-------UUCUUGAAU---------CAGCGAU---CUAACCCUAA-----GCGUUUACCGGUUUAAUGCUGGUUUCA--------UGUUCAG----CUU---------CUGAGCA--------GUGAUCAAGC
Pseudodiploria strigosa ------------CUCGUUCGUCUCCUUC---CGUGAGGU----GUUGGU-------CUUGA---------AUCAGCGAU---CUAACCCUAA-----GUCUUUCUGGCU-CAAUGCCGGUUC---------UUGCUCAG----UUU---------CUGAGCAA-------UAUGUA----
Favia lizardensis ------------------------CUUC---AGUGAAGU----GCUGAU-------CUUGG---------AUCGGCGAU---CUAACCCUAA-----GGUUUUCCGGCU-UAAUGCCGGUUC---------UUACUCAG----UUU---------CUGGGUAG-------UACGUA----
Orbicella faveolata ------------CUCGUUCGUCUCCUUC---GGUGAGGU----GCUGGU-------CUAGA---------AUCAGCGUU---CUAACCCUAA-----GUUUUUCUGGCU-UAAUGCUAGUUC---------UUGCUCAG----UUU---------CUGAGCAA-------UACGUA----
Platygyra daedalea ------------UUCGUUCGUUUUCUUC---AGUGAGGU----GCUGGU-------CUUGA---------ACCAGCGAU---CUAACCCUAA-----GGUUUUCCGGCU-CAAUGCCGGUUC---------UUGUCCAG----UUU---------CUGGCCAA-------UACGUA----
Porites astreoides --------CUCGCUUCGCUGUCGACUUCUUGU-----------GCUAUGGU-----GUGGG-------ACC-UGGCUUU---CUAACCCUAACC---GAGCCUUAACCU-----GGGGGUUU----------UGCUCUA----UUA---------UUGGGCA--------UUGAAACA--
Galaxea fascicularis -------------------GUCGUCUUCUGUG-----------GCUGUGGU-----GAAGG-------ACC-UAGCUUU---CUAACCCUAACC---UAGCCUUAACCU------CGGGUUUA----------GCUCAG----UGG---------CUGAGC---------ACUGAUCA--
Ctenactis echinata ------------------------CUUCAGUAAGGU-------GCUGGU-------CAUGA---------ACCAGCGAU---CUAACCCUAA-----GGGUUACUGGCUUUGUCCA-GGUUC---------UUGCUCAG----UUU---------CUGAGCAA-------UCAAGCAC--
Anthopleura elegantissima -----UUCUCUU---GCUUUAUUCCUCUGAUCUU---------GCUGUA-------UUUUG---------UGCAGCUGU---CUAACCCUAA-----GGAUAU----------------------------CUAUCGAC----CUC---------GUUGAUGG-------UAUUUUGA--
Actinia tenebrosa -----UUCUCUUGCUGCUUUAUUCCUUUAAUCUC---------GCUGUA-------UUAUA---------UGCAGCUUU---CUAACCCUAA-----GGACAU----------------------------CUAUCGAU----CUC---------AUUGAUAG-------UACUUUGAU-
Corynactis australis ---------------CCGCCA--UCUUCAUUUAGCU-------GUGCU--------CUUC-----------AGCACU-----CUAACCCUAACC---AGGUUAAACCCUC------GGGUUUUU---------GCCCAG----UUU---------CUGGGU---------CUUUUGAUUA
Ricordea yuma ---------------CUGCCU--UCUUCAUACGGCU-------UGUUGU-------AUUA----------ACAGCAUU----CUAACCCUAAC-------UUA-------------------------------GUCCG----UUAUC-------UGGAC----------AGUUCCCUAA
Montipora capitata ---------------CUGUC--AUCUUCUUUGC----------GCUGG--------GUUACGGAU------CUAGCUUU---CUAACCCUAAC----UUAGCCUUUCUUAA------GGUU----------UUGCUCAG--UCUCUGAA------CUGGGCAGG------UAGUAUAGG-
Aurelia aurita ---------------GCCA----GGGCAAGAGGUGUUUU----GCUUUUCUGC---UCAG------GCAGA-UGGCA------UAACCCUAACCCUAGGUUU---------------------------AGAUGCUGG-----UAAU---------UCGGCUUUCU----UCGAA-----
Chrysaora fuscescens ---------------CAGA---UGGUUCCACUAUUGAUCA---GCUGUC-------UUCG----------GACGGC------CUAACCCUAACCCUAGAGGGUAU----------------------------GCGAUUCGUCUUUACUAGUC--AAUGGC---------UA--------
Rhopilema esculentum ----------------------------UUUA-----------CAUUCAC------UUCG---------GUGAGUGU--ACCCUAACCCUAACC---U----------------------------------GGAAGUUGCUCUAAUCAGUUCAAAACUUCC--------UCA-------
Periphylla periphylla --------------AUGGCAGAAGUUGGUGCU-----------UGCAGUGUCU--UUCAUAG----AGAUGCUGUAUA---CCUAACCCUA------GUGU-----------------------CGGUAGGUAUUCAUCGCAGU-----------GAUGUCUGUCUGCCGCAA-------
Calvadosia cruxmelitensis ---------------------GUUGACCAGCAGCUAAGUUGUAGAGG-AGA-----CUGG--------UUUGCCUUG--ACCCUAACCCUAA-----UUUUUA----------------------------AAGACGGU--CCUGCU--------AUCGUCUU-------CG--------
Lucernaria quadricornis --------------------------------------------------------------------------------CCCUAACCCUAAC----GUAUUC-----------------------------AGACGGC--UUGCU---------GCUCGUCU-------UUA-------
Craspedacusta sowerbyi --------------------GUGGAAGCUUGUUGGG-------UCCGCGCUUCA--GAAA-----UGAGG-ACGGAAU-----UAACCCUAACCC--GAGGCA-------------------------------GUUGU----AUUU--------ACAAC----------AUAUCGAG--
Trichoplax adhaerens -----------------CAUCAG-GAUGCAGA-----------GUUGC--------UCUG-----------GCAGCU----CCUAACCCUAAC----AUUAG------------------------------CAGGGUU----AGCC--------AAUUCUG--------GUU-------
Amphimedon queenslandica --------------AAGGAUUUCAUUGCGCAUGCGC-------AUUAACUGGCC--CACGU----GGUUGCUUGAUA-----CUAACCCUAA-----------------------------------------AUAUGG----CUUAC-------CUGUAU---------GAUGA-----
Sycon ciliatum -------------------GAAGAAGGGAAUC-----------GUGGGGU------UCUU---------GCUCCACUCU---CUAACCCUA------GGAUA----------------------------------UUU-----UCAC-------AGG----------------------
Oscarella carmela ----------------------CGUGCCUACUUU--------------------------------------------U---CUAACCCUAA-----GAUGAUUUCCCA-----------------------------------------------------------------------

C

P1 P1.1 TemplateP1.1 P2.1 P2.1

P2a P3 P1P2b P3 P2b P2a

Acropora digitifera UAUG---CAACAUCCUUGAUC-----------CAUUGGG-CGUGUUCUUUGC------GGUUU-CUUUCACGAUUCGAUG-------CAAGGA--UUG----AUGCUA------------ACACAAG-AAACC---UUU--------GAAGGACGGU-GAACGAGAAUGCU
Acropora cervicornis UAUG---CAACAUCCUUGAUC-----------CAUUGGG-CGUGUUCUUUGC------GGUUU-CUUUCACGAUUCGAUG-------CAAGGA--UUG----GUGCUA------------ACACAAG-AAACC---UUU--------GAAGGACGGU-GAACGAGAAUGCU
Acropora hyacinthus UAUG---CAACAUCCUUGAUC-----------CAUUGGG-CGUGUUCUUUGC------GGUUU-CUUUCACGAUUCGAUG-------CAAGGA--UUG----GUGCUA------------ACACAAG-AAACC---UUU--------GAAGGACGGU-GAACGAGAAUGCU
Stylophora pistillata ------------GCCUCG-UU-GCACUUAGC--UGUCGAGUGUGUUUUUGG-------GGUUU-CUUUCACACACGACA--------CGAGGU----------ACC--------------UAACAAG-AAACC---UUU--------GAAGAAUGGC-GGGCGAGU-----
Seriatopora hystrix --------------CCUCAUU-GCACUUAGU--UGUCGGGUGUGUUUUUGG-------GGUUU-CUUUCACACACGACA------C-GAGG-----------UACC--------------UAACAAG-AAACC---UUC--------GAAGAAUGGC-GGGCGAG--UGCU
Madracis auretenra UUUA---------UCCUCAUU-GCACUUAGUC--GUCGGGUGUGUUUUUGG-------GGUUU-CUUUCACACGCGAC------AC-GAGGA-----------ACU--------------CUACAAG-AAACC---UUC--------GAAGAAUGGC-GGACGAGUAA---
Pseudodiploria strigosa -----AAGCUCUGACCUCAUU-GCACU------UGUCGUGUUUGUUUUUUGG------GGUUAUCUUUCACACACGACA------C-GGGGA-UUUGAGCUU--C---------------GAACAAG-AAACC---UUG--------GAAGAGAGUC-GAACGAG------
Favia lizardensis -----AAGCUCUGUCUUCAUU-GCACUC------GUCGGGUGUGUUUUUGG-------GGUAAUCUUUCACACAAGAC------AC-GGGGA-U-UGAGCUU--C---------------GAACAAG-AAACC---UUG--------GAAGAAAAUC-GAACGAA------
Orbicella faveolata -----AAGCUCUGUCUUCACU-GCACUC------GUCGGGUGUGUUUUUGGG------GGUAAUCUUUCACACACGAC------AC-GGGGA-UUUGAGCUU--C---------------GAACAAG-AAACC---UUG--------GAAGAGAGUC-GAACGAG------
Platygyra daedalea -----AAGCUCUGUCUUCAUU-GCACUC------GUCGGGUGUGUUUUUUGG------GGUAAUCUUUCACACACGAC------AC-GGGGA-UUUGAGCUU--C---------------GAACAAG-AAACC---UUG--------GAAGAAAAUC-GAACGAG------
Porites astreoides -----AAGCUCUGUCUUCCUU-GGUCU-------GUCGAGUGUGUUUUUGGG------GGUUUUCUUUCACGUUCGAC-------G-GGAGAAUUUGAGCUU--GA--------------ACACAAG-AAACC---UCGGA------GAAGAGAUGGCGAACGAG------
Galaxea fascicularis -----AAGCUCCUUCCUCUUU-GCUUUCU-----GUUGGGCGCGUUCUUGG-------GGCUUUCUUUCGCGACCGAC----GCAU-GGACG----GAGCUU--CG--------------GGACAAG-AAACC---CUG--------GAAGAGAUGGUGAACGAG------
Ctenactis echinata ------AGCUCUGUCCUCGUU-GCACUC------GCCGAGUGUGUUUUUGA-------GGUUUUCUUUCGCACAAGGC------AA-GAGGA-UUUGAGCU---UC--------------GGACAAG-AAACC---UUG--------GAAGGCA--GUCAACGAG------
Anthopleura elegantissima ---------AUGACUUUCAUU-GCACAUUA-------UGCGUUGUUUU----------GGCCUGCUUACAUCGCA--------CGG-GGAAG-UCAU-------UCC-------------AUUCAAG-CAGGUC--AUGC-------AAAGGAAUCCC-AAGUGAGAGAA-
Actinia tenebrosa ----------UGACUUUCAUU-GCACACUGA-------GCGGUGUUUU----------GGCCUGCUUUCAUCGC--------ACGG-GGAAG-UCAU-------UCC-------------AUUCAAG-CAGGUC--CUGC-------GAAGGAAUUCC-UAGUGAGAGGA-
Corynactis australis -------GUUCUUUCCUCGUU-GCACUCU-----GUACUGUGUGUUUUUGG-------GGUUCCCUUUCGCGCUCUAC------AG-GAGUA-UAUGAAC----U---------------UUACAAG-GAGCC---UUG--------GAAG-----UGGCGG---------
Ricordea yuma -------GUUCUAUUUUCAUU-GCACUG-----UGCACAGUGUGUUUCUGG-------GGUUGCCUUUCACACUUUGCA------G-GAAAAC-AAGAAC----UAAA------------CGAUAAG-GAACC---UUG--------GAAGGGG--UGGCGG---------
Montipora capitata ---------UCCAUCCUUUUU-UGU-----------UGGUCGUGUUCUUUGG------GGUUUUCUUUCGCGAUCG----CCGACGUGAGGAUUGGA-----GCUAACA-----------UCACAAG-AAACC---UUU--------GAAGG-----GACGG---------
Aurelia aurita -----------ACUUUGCACC-GCAGACA-------CCGUGCAGUCGUUCUA------GCAUGCUUC-CUGGACGG---------A-GCAGAGU--------GGAUGGUAAA--------CAAAGAA-GCAUGC--CCCAUA-----UGCCCAAAUAAUGGC---------
Chrysaora fuscescens ----CCUGGUCAGCCCUGAUUUGCAGUA-------CCUGUGAAGUUUUCCU------GACAUGUUUU-CUUCACAGG----------CAGGGCGAUAAGG--AA----------------AUAAAAA-GCAUGUU-UUCAAUAA---GGACUG-----UUUG---------
Rhopilema esculentum ----------GGCCUUGUAUU-GCAC--------CUCU-UGGAGUUUUUGUA------ACGUAUUUU-CUUCACAGAG---------ACAAGGCC-------AAAACUUG----------CAAAAAA-GUACGU-------------------------------------
Periphylla periphylla -------CACCAU-CUUCAUU-GCACUA---------UAUGUGGUUGUUUUUUGUU--AUGUUUUUC-CCACAUA------------GAGGAAUGGUG----AA----------------AUCAAGA-AAACAU--GCC--------GCCAUCUUUGCCAU----------
Calvadosia cruxmelitensis ----------CCUG-CAGUAA----------------UGUGGAGUUUUUCUGA-----CUGUGUUUU-CUUCACA---------AU-CUGUUAGG-------UUUGUUAAAAAUAA----CAAAAAA-GCACGG--ACC--------GGUCGAC-----------------
Lucernaria quadricornis ----------UCUG-UAGUA----------------GUGUGGAGUUUUUCCGA-----CCGUGCUUU-CUCCACAC------GUAU-CUA-CGGG-------GUGUUAAAAAAU------AAAAAAA-GCACCGG------------------------------------
Craspedacusta sowerbyi --------GUAAACUUCAAUU-GCACUU------UGAGCGUUUGUUU-----------GACUGCCUU-UAAACGCUCA---------UGAAGUUUGC-----UGUCUU------------UGUUAAG-GCAGUC--UUUCUAUCUU-GCUUCUAC----------------
Trichoplax adhaerens ----------------------------------------UGUGUUUUUUUAAG--CUAGUUUUUGU-CACA------------------------------UU----------------AAAUACAUAAAACUAGUGAGGAAAGACCGUCGUCGAUG-------------
Amphimedon queenslandica -------------------------------------GUAGUAGUUUUU-------CUCG--UUUUU-CUACUAC---------------------------AAAAAUAA----------UAAAAAA-UAC-CGAG-----------GCAACCCCCUU-------------
Sycon ciliatum --------------------------------------GGAAUCUUUUCUCCG---------ACGUU-GUUUCC----------------------------AUAGUACCUUUCACGUUAAACAAAG-GU------GCUCUC-----CCCUCUCCUUC-------------
Oscarella carmela ---------GGCUAUUCCCGU-CCAUC---------GCGUGGCGUUUUCUC-------UGCCUCCUUCCACCACGC-------CGC-GGAAUAGUC------GCGCGCUUCCUCUAACAACCCAAAG-GAGGCA--AG---------GGCACG------------------
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Acropora digitifera AGAGUGACGGC----GAAUGGUCAU-GUC----UUCU--U--------GCUUUC-----GAAUCGC--UUAUU-----GCGGUUC--AACUUGU----GAGAGC-----------UG--AGAA--A-AUGGCUAGUC--GUACAUUU
Stylophora pistillata ACAGUAAACUACC--GAAUUGU-----------CGUG--CAAG----CCU---------GCUUUCA-AACACAUG---UGAAAGU------AAU--------UGG----------AA--CAUG-------UCAAUUC--GCACAUUC
Seriatopora hystrix ACAGUAAACUACC--GAAUUGU-----------CGUG--CAAA----CCU---------GCUUUCG-AACACAUG---UGAAAGU------GAU--------UGG----------AA--CACG-------UCAAUUC--GCACAUUC
Pseudodiploria strigosa AAAGUAAAACAAAC-GAUUUGC-----------CGUG--CAUUCC--UGCUUUCG--AA---UCGC--UUUAC-----GCGG-----------------------------------------------------------------
Favia lizardensis AUAGUAAACAAAAC-GAUUUGC-----------CGUG--CAUACC--UGCUUUCG--UA---UCGC--UUCGU-----GCGG---UUACUUAUU---UGAAAGUA-------GUGAA--CAUG-------GCAGUUC--GCACAUUU
Orbicella faveolata AAAGUAAAACAAAC-GAUUUGC-----------CGUG--CAUUCC--UGCUUUCG--UA---UCGC--UUCAU-----GCGG---UUACAUUUG---UGAAAGUA-------GUGAA--CAUG-------GCAGUUC--GCACAUUU
Platygyra daedalea AAAGUAAACAAAAC-GAUUUGC-----------CGUG--CAUACC--UGCUUUCG--UA---UCGC--UUCGU-----GCGG---UUACUUAUG---UGAAAGCA-------GUGAA--CAUG-------GCAGUUC--GCACAUUU
Porites astreoides ACAGUAAAA------GAUGGGU-----------CGUG--CAGUCC--UGCUUUCG--GA---UCGC--CUUGG-----GCGA---UUGCAAAUG---UGGAAGCA-------GUGAA--CAUG-------GCCUUUC--UUACAUUU
Galaxea fascicularis AAAUUAAACCUCAACGAAUUGU-----------CGUG--CAUUCC--UGCUUUCG--GA---UCAC--UUGAU-----GCGA---UCGCUUUUG---UGAAGGCA-------GAGAC--CAUG-------ACUAUUC--AUACACUU
Corynactis australis AUAGCAAC-------GAAAGGC----GAUAUGUCGUG--CAGC----UCCUGUUUCC--GGAUCGU--UUCGC-----ACGGUUC---AAGUGUGGAAACAGUGA-----------A--CAUG-------GCUUUUC--GUACAUAU
Ricordea yuma AGAGCGAUAUU----GAUG-------UUU----CAUU--UCUG----UCCUGCUUUC--GGAUCGU--UUCGC-----GCGGUCC---AACUGUGAAAGCAGUGC-----------A--CGUGUCC-------UAUC--AAACAUUU
Montipora capitata ACAGCAACAAC----GAAUGGU----CUUG---CAUU--CUU------GCUUUCG-----AAUCGC--UUUUU-----GCGGUU---GUAUUUG---UGAGAGC-------UGAGAA--CAUG-------GCUUUUC--GUACAUUU
Anthopleura elegantissima AAAGUAAACUUGU--GAACG------GG-----UCGC--AGA-----GAUCUU---------CCCA-AAGACGUCAUAUGGG----------CC------AGGUC----------AA--GCGA-AA------CGUUC--AUACAUUU
Actinia tenebrosa AGAGUAAACAUGU--GAACA------GC-----UCGC--AGA-----GAUCUU---------CCCA-AAGACGUCAUAUGGG----------AC------AGGUC----------AA--GCGA-AA------CGUUC--AUACAUUU
Aurelia aurita AGAGUAAAU------GAA--------A------GAAUC-UGAGU---ACUUGA---------CUGAUUAAGUUGU---UCAUG----------------UCAAGU---------UAU-GAUUC--C--------UUC--GGACAUUG
Chrysaora fuscescens AGAUCAAAU------GAAAAAAU---GC-----GUGG--U-------GCUUGA----UU-----ACUGUAGAAUU---GU------------UU-----UCAAGC--------------CUGC--A---AUUUUUUC---GACAUUC
Rhopilema esculentum AGAGAAAUC------GCGAG------GU-----AGCU--CCUU----UUUCGG-------GUGAUG-UCAAUUAC---CAUCAU---------------UCGAGA-----------A--GGCU---------UUUGC----------
Lucernaria quadricornis AGAACAAAGUCGU--GUUGUGA----UUU----CAGA--UU------UGUGCAA---U-----GGC-UGAGUUC----GCC-----------------UUGUGCA-----------U--ACUG-UU----UCACAAC--CAACAAAC
Craspedacusta sowerbyi AGAUUAAAU------GGAGU------GA-----GCAA--UGU-----GUGGC-----UU----CUCUCGAGUCUU---GAG-----------CU------GUCGC--------------UUUC--A-----UACUCC--AUACAUCU
Trichoplax adhaerens AUAAUAACU------GGAGG-------------CAU---UGCGUUUGGCUUAG---------CUUUUGGAGUCUAC--AAAG-----------------UUGAGC-AGCAAUG-------AUG---------UCUUC--CAACAAAC
Amphimedon queenslandica ACAUAAAAUG-----GGCUGG------------UUAUAUCUUUUCACUCA-------C----UGGU-UCAUUCAU---ACCA-----------A--------UGA-A----------GUAUAA------UUAAAGCC--CAACAUUA
Sycon ciliatum ACAGCAACAGU----GAA---------------CCG---GUUUGUUCCUUA----------GCACC-UCAGCCAU---GGUGC------------------UAGGAGGCAUUCAGUG---UGG-----------UUC--AGACAUUC
Oscarella carmela ACAUUGAAUCGCU--GCAGGCCUUGACUU----GUC---U-------CUC-------U--GGCGUUUUUUUC------AAUCGCC--------U--------GAG---------------GGC---UUCUGGUCCGCUUAUACACGA
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