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. |dentification 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. /n 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

Start

End

Clade Phylum Class Species Accession Coordinatest  Coordinates® Strand  Source
Cyclostomata Petromyzon marinus P1Z101000001.1 7,205,787 7,206,194 + NCBI
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
Chordata 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
o Asteroidea Asterias amurensis GAVL01049438.1 1 372 - NCBI-TSA
= Asteroidea Asterias rubens GAUU01010066.1 1 370 + NCBI-TSA
g Asteroidea Asterias forbesi SRR1138708 n/a nla nla NCBI-SRA
4(7') Asteroidea Pisaster giganteus SRR11293188 n/a nla nla NCBI-SRA
E SRR11293187, SRR10982254,
8 Asteroidea Pisaster ochraceus SRR10982249 n/a n/a n/a NCBI-SRA
8 Echinodermata  Asteroidea Patiria miniata AKZP01087997.1 1879 2303 + NCBI
O 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
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
Hemichordata Enteropneusta Harrimaniidae sp. N. clade 3 JTC-2014 SRR_1695462 n/a n/a n/a NCBI-SRA
Enteropneusta Ptychodera flava BCFJ01016025.1 62,725 63,164 + NCBI
Brachiopoda Lingulata Lingula anatina NW_013580819.1 173,755 174,151 + NCBI
Phoronida Phoronis australis NMRAO01000149.1 753,300 753,694 + NCBI
Polychaeta Capitella teleta AMQNO01027543.1 126 490 + NCBI
C_U Polychaeta Arenicola marina SRR2005653 n/a n/a n/a NCBI-SRA
g Polychaeta Hydroides elegans LQRL01164149.1 3,818 4,257 - NCBI
"(7') Annelida Clitellata Eisenia fetida CYRZ010654929.1 282 695 + NCBI
8 Clitellata Lumbricus rubellus scaffold682|size41541 33,676 34,086 - DataSTORRE
E Clitellata Olavius algarvensis SRR5421607 n/a n/a n/a NCBI-SRA
a Clitellata Amynthas corticis FXXH010317067.1 93 484 - NCBI
Gastropoda Pomacea diffusa* No source data n/a n/a n/a n/a
Mollusca Gastropoda Pomacea canaliculata PZQS01000002.1 30,270,917  30271,327 +  NCBI




Gastropoda Conus tribblei LFLWO010801771.1 6,342 6,711 - NCBI
Gastropoda Rapana venosa GDIA01241434.1 1 338 - NCBI-TSA
Gastropoda Littorina saxatilis Contig56765 8,751 9,136 + DRYAD
Gastropoda Haliotis discus hannai G1GJ01057632.1 465 866 - NCBI-TSA
Gastropoda Haliotis laevigata VKKT01005222.1 43,381 43,787 - NCBI
Gastropoda Haliotis tuberculata GEAU01287953.1 1 369 + NCBI-TSA
Gastropoda Elysia timida GBRMO01107526.1 147 495 + NCBI-TSA
(4] Gastropoda Elysia cornigera GBRW01213247.1, SRR1583663 n/a n/a n/a NCBI-TSA/SRA
é Gastropoda Bathyberthella antarctica GFXA01051430.1 1 247 - NCBI-TSA
8 Mollusca Bivalvia Mytilus galloprovincialis LNJA010333678.1 187 535 + NCBI
8 Bivalvia Bathymodiolus platifrons MJUT01034425.1 591,096 591,451 + NCBI
"S Bivalvia Modiolus philippinarum MJUU01052557.1 27,325 27,680 - NCBI
E Bivalvia Pinctada fucata DRR050170 nla nla nla NCBI-SRA
Bivalvia Pinctada martensii N1JJ01006429.1 9,898 10,264 - NCBI
Bivalvia Crassostrea gigas SZQMO02000004.1 154,764 155,125 + 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_seql 15 384 + DRYAD
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 ggggigggzg SRR3144612, n/a n/a n/a NCBI-SRA
g Anthozoa Madracis auretenra comp285766_c0_seql 424 +
c’\cs‘ Anthozoa Pseudodiploria strigosa HACDO01239751.1 266 + NCBI-TSA
$ o Anthozoa Favia lizardensis GDZU01016292.1 24 495 - NCBI-TSA
£  Cnidaria Anthozoa Orbicella faveolata MZGG01000725.1 580,730 581,215 -  NCBI
C_UG) Anthozoa Platygyra daedalea c38845 g1 il 1 505 + PDTD
(49} Anthozoa Montipora capitata RDEB01000170.1 373,653 374,130 - NCBI
m Anthozoa Galaxea fascicularis GFAZ01037277.1 7 471 - NCBI-TSA
Anthozoa Montastraea cavernosa comp748712_c0_seql 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




Anthozoa Corynactis australis GELMO01043505.1 5 483 + NCBI-TSA
SRR3201251, SRR3201252,

Anthozoa Ricordea yuma SRR3201253 n/a n/a n/a NCBI-SRA

Scyphozoa Aurelia aurita GBRG01038552.1 181 625 - NCBI-TSA

(qv] Scyphozoa Chrysaora fuscescens SRR3180892 n/a n/a n/a NCBI-SRA

% Cnidaria Scyphozoa Rhopilema esculentum GEMS01118701.1 1 382 - NCBI-TSA

+— Scyphozoa Periphylla periphylla SRR1915828 n/a n/a n/a NCBI-SRA

GE) Staurozoa Calvadosia cruxmelitensis HAHC01109237.1 3 350 + NCBI-TSA

—_— Staurozoa Lucernaria quadricornis HAHDO01078658.1 1 405 + NCBI-TSA

% Hydrozoa Craspedacusta sowerbyi SRR923472 n/a n/a n/a NCBI-SRA
M Placozoa Trichoplax adhaerens ABGP01000509.1 21,534 21,930 + NCBI
Demospongiae Amphimedon queenslandica ACUQO01004887.1 26,508 26,870 + NCBI

Porifera Calcarea Sycon ciliatum Egggg;ggg Egggggggé n/a nla nla NCBI-SRA

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

2: 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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UGUCGUUCAA CAUG GA CCGACC UCGCAUGAU GAGCUGAAUAUUUCAC - - CGACUUUUGG UA- - - - COCUC
CGUCGUUCAA CAUG GA CCGACC UCGCAUGAU GAGCUGAAUAUUUCAC - - CGACUUUUGG UA- - - - COCUC
AUCGCAGAAU UGGGC GGGUUA GUCCAU [VYNe[@e .Y\ CCCUUGUUUGGAA
GCCACUACGCU- UUUACUAGCAUG UGUGGAC CUGGACG A GUUCACA GGAUUUUCA CUCUECGC - - UUACCUU
P1 P1.1 P1.1 Template P2a P2b
[€CAAA- - AC - - GAGA GAGGC: GUUCCACGGECGUUGGUUU- AAAACUUGACNA ACCUCGEC - UCCCA CCAAUCGGGGAGUUAGGC
€CAAA - AAC - GAGA GAGGC GUUCCACGGACGUUGGUUUUAAAACUUGACAA ACCUCGEC - UCCCA CCAUUCGGGGAGUAAGEC
€CAAAA C GAGA GAGGC GUUCCACGGACGUUGGUUUUAAAACUUGACRA ACCUCGEC - UCCCA CCAUUCGGGGAGUAAGGC
€CG  AUUCCU - GGGGU - - - GUUCGGUUGUGUGUUUCGUGGUUUU €C - ucC GGGBUUUCAGGAAUGCGUCCAUG
€CG  AAUCCU - GGGGU - - - CUUCGGUUGUGCGUUUCGUGGUUUU AGCUAEC - UCU GUGUUUCAGGAAUGCGUCCAUG
UGGGG GCCGACUUCUUACUUCAC \GC GAA - UUUC CGGGACUGAG CUGGAGAG
UGGAAGACCG: ACUCAUUAUCAUUUGCAC UGUU CGGGGCCACA CACGAGAG
UGGGGGACGG: GCUCAUUUGCAC Uy CGGGGUCAGG CGAGAGAG
GGAGUGGA GUCCACUGAGCGUGAAUGAAGGCGAC UUGUA GAGUUUUCGGGAAG
GGAGUGGA GGAUAAACAAGAGCUG uuucc GAGUUCUCAGGAAG
UUGGAGU UUGGCAUAAGAAGUUA ACCGUGAU AGUUUUUUCGGAGGUGAA
UGBUGG - UGCGACCCUCCCCC CUGUGGUCACUGU GUUGCCUCUG
UACAC - - - CGCGAAAC CU GGUCG GUGLC
UACAC - - AGUGAAAC CU GGUCG GUGLC
UACAC - - AGCGAAAC CU GGCCG GUGLC
uucU UCGUGCGACCGAAG CUGUGAUCAUUGC GUUGUCUGUGUU
CUUGUUCGUGC AACCGAC CUGUGAUCAUUGC GUUACCUGUGUU
UAUGU UCCGAGGAAC CU- GGUUGGUGUCAUGGACACACGACG
UAUGU UCCGAGUAAC CU- GGUUGGUGUCAUGGACACACGACG
GUGUGCGCGUAUGAUU U UGUGGU
GCGAAGGG - CCAUAUUUUGAGCGCAGCG CU UG CUAGAAAAUUACCAUUUGGC
P3 P2b P2a P3 P1
€AGG - GUUCGGGUCUCCG cu GG GC - U - uccee CUGAUUGGU GGGGA
€AGG - GUUCGGGUCUACG AU GG GC - U - uccee CUUGAUUGGU GGGGA
€AGG - GUUCAGGUCUCCG AU GG GC - U - uccee CAGAUUGGU GGGGA
ACACGA- UUGUUU- - GCGG Cccuuc UUGAAAUGUGG AAUGG
ACACGA UUGUUU- - GCGG Cccuuc UUGAAAUGUGG AAUGG
CGGUG - CCGUC - - AGCCC - UUCUCCA AAGAUA UGGA
CGGUG - ccaU CCUU- - UUGUCCG AAGACU UGGA
CGGCG - CCGA CCUU- - UUCUCUG AAAAUU UGGA
GGUC - AUUGAA- - - CCUG GUUCU GUAAUCUU AGAGC
GGUC - AUUUC - - GCCUG GuuCcU UAAGCAUU AGAAC
GUAGU- - CAUUGU- - GCCUG GUUCU CUAGUCGU AGAAC
CGUUGC CACC UCCCG UUAC GAAGUUAU GUAA
UUGCU- - CAUCUCACUUGCCGG - - CACUU UAAAGCCAU AGGUG
GUUUUC GAC UCCC CG - - CACUU - UGACUGCACGGUCAUUAUGUAAGUG
GUUUUC GAC UCCC UC - - CACUU - UGACUGCAUGGUCAUCAUGUAAGUG
GUUUUC GAC ucce BC - - CCCUU U
GCU- UCACU UGUC- AG - - CACUU UGAACCGU AGGUG
GCUU- - - CGCU UGCC UG - - CACUU UGAACCGU AGGUG
GUUU- - - UUCUAC - UCCC- - - CUGCACUUUGAUCACGAGUCAUGU AAGUGUGGAG
CUUC - - CACG UGUC - - UA- CAUC UGAACCUGU GGUG - uU
UGGU - - A UAUACUUCU- UuCC UAAGAUAU GGAA - UU AAGGAUG
box H P7a P7b P8a P8b P8b P8a P7b P7a  ACA
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A

Lingul a anatina

Phoronis australis
Capitella teleta
Arenicola marina

Hydroi des el egans
Eisenia fetida

Lunbricus rubellus

Anynt has corticis

d avius al garvensi s
Pomacea diffusa

Conus tribblei

Littorina saxatilis
Rapana venosa

Elysia timda

El ysia cornigera

Bat hyberthella antarctica
Haliotis |aevigata
Haliotis di scus_hannai
Haliotis tuberculata
Crassostrea virginica
Crassostrea gi gas
Pinctada fucata

Pinctada martensii

M zuhopect en yessoensi s
Nodi pect en subnodosus
Bat hynodi ol us platifrons
Modi ol us phili ppi narum
Mytilus galloprovincialis
Al exandr oneni a crassa

Li ngul a anatina

Phoronis australis
Capitella teleta
Arenicola marina

Hydroi des el egans

Ei senia fetida

Lunbricus rubel | us

Anynt has corticis

O avius al garvensi s
Ponmacea diffusa

Conus tribbl ei

Littorina saxatilis
Rapana venosa

Elysia tinida

Elysia cornigera

Bat hyberthella antarctica
Haliotis |aevigata
Haliotis di scus_hannai
Haliotis tuberculata
Crassostrea virginica
Crassostrea gigas
Pinctada fucata

Pinctada martensii

M zuhopect en yessoensi s
Nodi pect en subnodosus
Bat hynodi ol us platifrons
Modi ol us phili ppi narum
Mytilus galloprovincialis
Al exandromeni a crassa

B

Li ngul a anatina
Phoronis australis
Capitella teleta

Hydr oi des el egans
Eisenia fetida
Lunbricus rubel | us
Anynt has corticis

O avius al garvensis
Pomacea diffusa

Conus tribblei
Littorina saxatilis
Rapana venosa

Elysia timda

El ysia cornigera
Haliotis |aevigata
Haliotis discus hannai
Haliotis tuberculata
Crassostrea virginica
Crassostrea gigas
Pinctada fucata
Pinctada martensii

M zuhopecten yessoensis
Bat hynodi ol us platifrons
Modi ol us philippi narum
Mytilus galloprovincialis
Al exandroneni a crassa

Supplemental Fig. S3

JUGGGGCAU [ECAUGGCGGGECG UAUUCUUG UGCCUCGUCUCGCGGCAAA
AUUAGUUU GACUUCCCA €CUAGCGAGUGUGC UUCUUUUUUUGAUUCC CCG UUGCA
UUCUUGGCCACC €GCGGAGC AA AUUGAUCCCU CCUCAACAUU
UUCCGAUCUCUUUGAUCU - - [EGGAGGGUGAA GCUUUUAUACCAUG CCC UUCAGUGCACUUC
CACUACGUCACCAAC eccaGGUCU GUGGUUACG CGGUCUCAUUGCACUC
CUCUGGCCGUGUGACA €cUGAUC CAGUUAUUUGCUUAA: - - - UUCCUUCGUGUGCACCAAA
GGOGUUGGCCGUGUGAAA ecuGACC GGUUUUGUUUAA UUCCUUCGUGUGCACCAGA
UUCCGGCAAUUGACCGUGUU UAGUUUUACCU GUCCUUCGCAUUUGCACACA
ACGAGCGUGUUUACGAUUUGGUU GGUUGUGAGCUAA ACCUCGCCUGGCGCGAU
AUGGCUCAA GACGUAUGUACU UUCUCUCACUGCACU
GGUCAGUCAAUCGGUACGGA AAGUUUGGCCAA CUUUCUCUCAUUGCACU
GUCAGUCAGGCGGUAGA UAUUUCAU CUUUUUCUCAUUGCACCAU
GAGGCUGGGCCA UCUUUCUCUCAUUGCAC
AUUUCCAACUUAUGCAA (@YXl A COCUAUACAUACACAAUCUG - - - UGUGCAUCCAUUGCAU
GUUUCCAACUUACGCAA (@UVNe@ol/ \ COCCUAUACAVACACAAYCUG - - - UGUGCAUCCAUUGCAU
cuuy COeVNe@elfACCCU GACAUCUGAAAUGAAAUC - CUGCCUUCAUUGCAC
CGUGUCAUUCGAGAGUUCGOGBGC GACUUUCAAUAUA UCUCCUCGUUGU
GUCUUUCGAGGUCGCGGEC GACUUUCCACAGC UCUCCUUCCUGA
GAUCUGGGC GACUUUCGAUAUA UCUCCUCGUGU
CGCCAUUUUCUGGUAUAUCGU GACGGUUUGUC GGGECUUCCCUAUCUGU
CAAGUUCCCGCCACUCUCUGGUUUACGU GACGUAUUACA GGCUUUUCUACAUGU
UUUCUCGUUGGGUUGUCGA CCUUUAUU UUUGCUCCCAUUGCAU
UUUCUCGUUGGGUUGUCGA CCUUUAUUU UUUGCUCCCAUUGCAU
UGACUGGCUCUG UGUAUAGUCGC UCUCUCUAUUGCGUG
ACAUUGUCGCU CUCUCUAUUGCGC
CACUUCAACCUUC CAUUUUUCA ACUCUCCUCAUUGCACUUU
CUUCGGCCUU GUGGCUSUUA UUAUUUA AUUCAUCUCAUAGCAU
CUUCGACUUUC GcUsuuuu UUUUCUU UUGCUCCUCAUUGCAC
GGGGECUUUGCUGCGUCUUUCUCUAECUACCCCGAC GACGU GUCG UGU GEGUUAGAU GGUUUUGUCUGUGUGGGU - - ACAAUAC UUG
P1 P1.1 P1.1 Template P2a
ccG GACUUGGCA- UUCAUUUAAACUC AN w GCUCCGGCAA
UUGUU AUA UUAU- - - - GGGAUGUUUUAGGUAAAUUAAU
UCAA GUUGAGG - - GAGCGGCUGGGAAAACAAAACATYA cA GUGGCCAGGAA
cucA GAACGGG - - AAGUACCCAAAAA CUGC - GAGAUAUGGAA
UCUUG GGGAUCG - - UUCGAAACAAAUAA uw GUGACAUUUAGUG
CACA ACGAAGGAA- AAUGCCUGUGACG c CACGGUCAGAG
CACA ACGAAGGAA AAUGCCUGUGAGC c CACGGUCAAAAGCC
cucA GCGAAUGGACUUUUACAGCG u ACGCGGUCGAGCGUCGGGA
ucuGy GGOGAGGU- - AAAAUGAAAA cAC CGUAACCGCGUUCGU
uuc GAGAGAA - - UGAUAAAAGCC euGACU - A GCCAU
uc GAGAGGAAG CGAAUU @UGACCA UA GUGCCGGUUGGUAAACC
uc GAGAAAAAG GAAAAAC @UGACUA CA CUACCGUCUUAC- GGC
uc GAGAGAAAGAGAAUC @UGACUG CA GUACCGAUUCCAUCU
UUGCA GGAUGCACA- GCAAUU euGACC - U GUUGGAAAU
UUGCA GGAUGCACA- GCAAUU euGacc - U GUUGGAAAU
UCUUUUGGUCCGGUUUCUI GAAGGCAG - UUUUA VAAGAAACCGGUCUG
UUUAUG GUGGAGA - GUUUAAAUAACU UCUGA - GCGUUCUCUCGAAUGAU
UAUG GAGGAGA - - GUUUAAAUAACA UCUGA - - GCGGUCUCUCGAAUGAU
UAUG GGGGAGA - - GUUUAAAUAACU UCUGA - - GCGUUCUCUCGAAUGAU
CGA AGCGAAGCUC - AGAAAUA AGA CCUGGAAAUGCUG
CGA AGAAAAGCU - CAGAAAUC AAU CCAGGAGUUAGUCACAAUUUG
UGA GGGGGUGAA - UUUAAAUU CUACUU- - CCCAAUGUGAAA
UGA GGGGGUGAA - UUUAAAUU CUACUU- - CCCAAUGUGAAA
ucu AGGGAGA - - UGUCAAAUA A GCCGGUCA
GUUA AGGGAG - - GUGCAAAAUUA cc GUCGGUCA
ucAuU GAGGUGAGU GCUCGGUUCAUGCAUGG w GGUUGCAGUG
UCAC GAGGUGAAU GGUCCUGCGACGCU w GGUUGAAG
UGy GAGGAGUAA GGUGGGUCGGU w GGUUGGAG
UUA GUAUUGU - - UUACGAAAUGCAUA AGAAAAACGCAGCAAAGCCUU
P3 P2b P2a P3 P1
udl AGAAAAU GCUGC UU- GGC ACGAGUUUG GCC uu GUGGC GUUUUCU- - UACAU
ad GuU AUGU UUGUCA U - ACAA CCAACCAU- - - - UUGU - - U UGACAG UAAA AGC A A
ﬂi CGA GCACUUUCGU GGGGAA AC UCC GCAGUGCGU - - GGA - A UUCGCC UCC - GUGCUUCG - U
UGy CCGU Gucuc UUGGCA AGUUGUU UUAA AGCUGCUUAAUUUA UGCCAA ACGGAACUAG CUGUUUCA(
a UGAC - GUCUU AAGG GU UGCAC - ACACAAGUU GUGUA - CUU CCUU - ACA GUAA
ﬂLﬂ UGAC UUAUU AAGG GU UGC
o) auc uuc CUGAGC GCGUGCA - - UUGGU - - - UGC CGC - U GCUCAG - UUU GAU - GU
j GUU AAA AGAGCAGUC U CAA GUA uuG u GGCUGUUCU AA AAC - UAU
A UUAGG AUG AUA- CCUUCGUG U- - ACA AGA ucu CACGGAGGCUAU A CCUAG
X CGAAC - CCGUU [eeed] U GUCA GAGU UGAC - UC UGGC CCCA -~ GUUCG
J UGAA AACUGGAGCU GUCUUUGU GUCA GAGU UGAC AUAAAGAC UUCA- - C
cﬁ GAA - CCCAGUGAACGUUGCUCUCCG U GUCA GAGU UGAC - UC UGGAGAG - G uuc
\CCl CuuUGC GAUUAA GGUUC U- uucu UAACU AGAA uu GGGCC - CAA GCAAG - UU
JA A CUUGC GAUUUUAAAAA GGUUC U- uucu UAACU AGAA uu GGGCC - CAA GCAAG - UU
A CAU - - AUGUA CGCGGG CACA UAAGAUGU UGUG UUCGACG - AAA - GUG - C u
JU AVAACI AU AUA CGCCGU CACA UUAGGUGU UGUG GUCGAC AAAAAC GU U
G”ULM Cl CAU - - ACAUAUGU cec CACG UAAGAUGU -~ CGA
ju VAU UACAUC - AG UUUAUGUG UGUU AAAGAA AACA UACAUAGA GGUGUG
AUCYACC GCAUC - AA UUUAU A- CAUG CUCAAGAACA CAUG C AUAAG GAUGU U
AuMle GAU - AA ecuc CUUUCGA AAGUCA UCGA - UCGA GAGC - CA - AUC - AA GAA
A GAU - AA acuc CUUUCGA AAGUCA UCGA - UCGA GAGC - CA - AUC - AA GAA
X CGCAAACUGUCGGC U Guc GAAG CUAUGA cuuc A GAC GUUGUCA ucu
A UAC GAAUU GGUCG U- - UUUUG AAGAA UAAAA- - U UGACU GUA - AA Cul
A JAA- UCAA AGC GGUCAU GUA- UGC AGAAC GCA - A AUGGCC - UUG UUGA Ccu
nu%uu UACA - - - ACAC GC CA cuuu UCGAGUGU AGAG - C UG GU - AA UGUA - GC w
AN “ACU UAC UCAA- - UC UGACG A - UGCC GGAGAGUU GGUA - GC UGUCA UUGACGUA- - G U
—_— —
box H P7a P7b P8a P8b P8b P8a P7b P7a
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Supplemental Fig. S4

Kingdom Phylum Class TRs
Mammalia (mammals) 23
Aves (birds) 2
N: Identified previously Rept”'_a_ (rePt"e_s)_ 1
N: Identified in this study I (e, [
Actinopteri (ray-finned fish) 5 é
Chondrichthyes (cartilaginous fish, 4 =]
Chordata Y (_ c . @
Cyclostomata (jawless vertebrates) 3 o
. Cephalochordata (amphioxi) 5 ]
=]
Hemichordata Enteropneusta  (acorn worms) 4 8
Asteroidea (star fish) 9
— Ophiuroidea (brittle stars) 3+1
Echinodermata Echinoidea (sea urchins) 9
Crinoidea (sea lillies) 1
0 [—Gastropoda (gastropods) 11
| el b e Bivalvia (bivalves) 9
Aplacophora (worm-like) 1
Annelida [~ Polychaeta (bristle worms) 3 |8
L clitellata (collared worms) 4 g
Phoronida ®
: Lingulata (tongue shells) 1 9
| Brachiopoda (horseshoe worms) 1 e
o
Platyhelminthes (flatworms)
Arthropoda (arthropods)
Nematoda (roundworms)
| Anthozoa (flower animals) 19 ©
Cnidaria E Scyphozoa (true jellyfishes) 4 Q
Metazoa I: Stadurozoa (stalked jgﬂyf:shes) 2 é
—(animals) e Hydrozoa (water animals) 1 =
(flat animals) 1 g
Porifera <
Demospongiae (common sponges) 3 [an}
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Supplemental Fig. S5

Acropora digitifera AGUCUUCCUCGCACUCAUCGUCUCCUUCUUUGA [GeUeceee UAGCA GGEGUUU UGUGCAGUC - - AGUA GACUGGACA UAUUUGAUAU
Acropora cervicornis GGGUUU UGUGCAGUC - - AGUU GACUGGACA UAUUUGAUAU
Acropora hyaci nt hus AGUCUUCCUCGUACUCAUCGUCUCCUUCUUUGA IGGAC UAGCA GGGUUU AGUU GACUGGACA UAUUUGAUAU
Styl ophora pistillata GCUCG - - UUCGCG - UUCUUCAUGUGAAAGEU G UAUUCAAU AGGUUUCAGUU UGGUUCAUGCUCAG Cccu CUAAGCAUUGACUA- AGCCUAA
Seri atopora hystrix AGCA- - - Al UUCUUCAUUAUAAAGUU G UAUUCAAA GCCAGGUUAUAGAC UGGUUUAUGCUCAG Ccuu CUGAGCAUUGACUA- AAU- UAAU
Madraci s auretenra UUG CUCUAGUUCGCUUUCULC: - - CGUUAGGU G UUCUUGAAU GOGUUUACCGGUUUAAUGCUGGUUUCA UGUUCAG cuwu CUGAGCA GUGAUCAAGC
Pseudodi pl oria strigosa UC - - CGUGAGGU GGU CUUGA GUCUUUCUGGCU- CAAUGCCGGEUUC UUGCUCAG uuu CUGAGCAA UAUGUA
Favi a |izardensis CUUC - - AGUGAAGU GAU CUUGG GGUUUUCCGGCU- UAAUGCCGGUUC UUACUCAG UuuU CUGGGUAG UACGUA
Orbicella faveol ata JUCGUCUCCULC - - GBUGAGGU GGU CUAGA GUUUUUCUGGCU- UAAUGCUAGUUC UUGCUCAG UuuU CUGAGCAA UACGUA
Pl atygyra daedal ea UUCGUUCGUUUUCUUC - - AGUGAGGU GCU CUUGA GEUUUUCCGGCU CAAUGCCGEUUC UUGUCCAG UuU CUGGCCAA UACGUA
Porites astreoides JUCGCUGUCGACUUCUUGU UGGU GUGEG GAGCCUUAACCU GEEEGEUUU UGCUCUA UUA UUGGGCA UUGAAACA
Gal axea fascicularis GUCGUCUUCUGUG GUGGU GAAGG UAGCCUUAACCU CGGGUUUA GCUCAG UGG CUGAGC ACUGAUCA
Ctenactis echinata CUUCAGUAAGGU GGU CAUGA GGGUUACUGGCUUUGUCCA- GGUUC UUGCUCAG uuuU CUGAGCAA UCAAGCAC
Ant hopl eura el eganti ssi ma UUCUCUU- - - GCUUUAUUCCUCUGAUCUU GUA UUUUG GGAUAU CUAUCGAC cuc GUUGAUGG UAUUUUGA
Actinia tenebrosa UUCUCUUGCUGCUUUAUUCCUUUAAUCUC GUA UUAUA GGACAU CUAUCGAU cuc AUUGAUAG UACUUUGAU
Corynactis australis OOGCCA- - UCUUCAUUUAGCU UGCU cuuc AGGUUAAACCCUC GEGUUUUU GCCCAG SV [eVeeel, CUUUUGAUUA
Ri cordea yuna UCUUCAUACGECU UGEUGU AUUA UUA GUCCG UUAUC UGGAC AGUUCCCUAA
Monti pora capitata CUGUC- - AUCUUCUUUGC GeUees GUUACGGAU UUAGCCUUUCUUAA GG UUGCUCAG CUGGGCAGG UAGUAUAGG
Aurelia aurita GCCA GGGCAAGAGGUGUULU [€CQBUUUCUGC - - UCAG [Vveee V.VACCCUAGGUUU AGAUGCUGG UAAU UCGGCUUUCU UCGAA
Chrysaora fuscescens CAGA - - UGBUUCCACUAUUGAUCA: - - [€CQBGUC UucG [eVLY 0 e e VLV CCCUAGAGCGUAU GOGAUUCGUCUUUACUAGUC - AAUGEC UA
Rhopi | ema escul entum UUUA UCAC uucG U ‘GGAAGUUGCUCUAAUCAGUUCAAAACUUCC UCA
Periphylla periphylla AUGGCAGAAGUUGGUGCU UGCAGUGUCU- - UUCAUAG GUcU CGGUAGGUAUUCAUCGCAGU GAUGUCUGUCUGCCGCAA
Cal vadosi a cruxmelitensis GUUGACCAGCAGCUAAGUUGUABAGG: AGA [eVee UUUUUA- AAGACGGU- - CCuGCU AUCGUCUU G
Lucernaria quadricornis GUAUUC AGACGGC - UUGCU GCUCGUCU UUA
Craspedacusta sower byi GUGGAAGCUUGUUGEG UCCGCGCUUCA: - GAAA GAGGCA GUUGU AULU ACAAC AUAUCGAG
Trichopl ax adhaerens CAUCAG GAUGCAGA [GSUee ucuG AUUAG CAGGGUU AGCC AAUUCUG GUU
Anphi nedon queensl andi ca AAGGAUUUCAUUGCGCAUGCGC Al \CUGGCC - CACGU AUAUGG CUUAC CUGUAU GAUGA
Sycon ciliatum GAAGAAGGGAAUC EUGmJ ucuJ uuu Uucac AGG
Oscarella carnel a CGUGCCUACUUU GAUGAUUUCCCA
P1 P1.1 P2.1 P2.1
Acropora digitifera UGC CAAGRA - UUG AUGCUA ACC - - UWU AAGGACGGU GAACGAGAAUGCU
Acropora cervicornis UGC CAAGRA - UUG GUGCUA ACC - - UWU AAGGACGGU GAACGAGAAUGCU
Acropora hyaci nt hus UGC CAAGGA - UUG GUGCUA ACC - - UWU AAGGACGGU GAACGAGAAUGCU
Styl ophora pistillata GG CGAGRU ACC ACC - - UUU AAGAAUGGC GBGECGAGU
Seri atopora hystrix GG C GAGG UACC ACC - - UUC AAGAAUGGC GEECGAG - UGCU
Madraci s auretenra GG AC GAGGA ACU ACC- - - UUC AAGAAUGGC GGACGAGUAA
Pseudodi pl oria strigosa UGG C GGGGA UUUGAGCUU - C ACC - - UG AAGAGAGUC GAACGAG
Favia |izardensis GG AC GGGGA U UGAGCUU - C aCC - - UG AAGAAAAUC. GAACGAA
Orbicella faveol ata GGG AC GGGGA UUUGAGCUU- - C ACC - - UUG AAGAGAGUC GAACGAG
Pl atygyra daedal ea UGG AC GGGGA UUUGAGCUU - C ACC - - UG AAGAAAAUC GAACGAG
Porites astreoi des [cee G GGAGAAUUUGAGCUU- - GA ACC - UCGGA AAGAGAUGGOGAACGAG
Gal axea fascicularis GG GCAU GGACG GAGCUU - CG ACC - CUG AAGAGAUGGUGAACGAG
Ctenactis echinata GA AA- GAGGA UUUGAGCU- - - UC aCC - - UG AAGCCA- - GUCAACGAG
Ant hopl eura el eganti ssima CGG GGAAG UCAU ucc VAG CAGEUC - AUGC \AAGGAAUCCC: AAGUGAGAGAA
Actinia tenebrosa ACGG GGAAG UCAU ucc AG CAGGUC - CUGC AAGGAAUUCC UAGUGAGAGGA
Corynactis australis GG AG GAGUA  UAUGAAC U AG GAGCC - - UG AAG UGGCGG
Ri cordea yunma GG G GAAAAC AAGAAC UAAA ICC - - WUG AAGGGG - UGGCGG
Monti poracapitata UGG SGCGAUCG COGACGUGAGGAUUGGA GCUAACA ICC - - UUU AAGG GACGG
Aurelia aurita ICUA A GCAGAGU GGAUGGUAAA UGC - COCAUA UGCCCAAAUAAUGEC
Chrysaora fuscescens ICCU CAGGGOGAUAAGG - AA UGUU- UUCAAUAA EGACUG UuuG
Rhopi | ema escul entum IGUA ACAAGGCC AAAACUUG CGU
Periphylla periphylla UUUUGUU GAGGAAUGEG CAU- - GCC [ECCAUCUUUGCCAU
Cal vadosi a cruxnelitensis CUGA AU CUGUUAGG UUUGUUAAAAAUAA ICGG - ACC C
Lucernaria quadricornis CCGA GUAU CUA CGGG GUGUUAAAAAAU \CCCG
Craspedacusta sower byi GA( UGAAGUUUGC UGUCUU GUC - UUUCUAUCUU- [€CUUCUAC
Trichopl ax adhaer ens UUAAG - CUAGUUUULG uwJ IACUAGUGAGGAAAGACCGUCGUCGAUG
Anphi medon queensl| andi ca AAAAAUAA C CGAG Ewoomcw
Sycon ciliatum ICUCCG AUAGUACCUUUCACGUUAAA( cocucuccuuc
Oscarel la carnel a CUC CGC GGAAUAGLC GCGCGCUUCCUCUAACAA( maC GAGCCA - AG gccace
P3 P2b P2a P3 P1
Acropora digitifera $ 2 CGGC AAUGGUCAU- GUC UUCU- - U GCuuuC GAAUCGC- - UUAUU GCGGUUC - AACUUGU GAGAGC UG - AGAA - A- AUGGCUAGUe A [§]
Styl ophora pistillata AGUIVAACUACC - (EAAUUGU CGUG - CAAG Cccu GCUUUCA- AACACAUG - - UGAAAGU AAU UGG AA - CAUG UCAAUU® A uc
Seriatopora hystrix CaGtMACUAOC AAUUGU CGUG - CAAA Cccu GCUUUCG AACACAUG - - UGAAAGU GAU UGG AA- - CACG UCAAUUS A uc
Pseudodi pl oria strigosa *GLMAACAAAC AUUUGC CGUG - CAUUCC - UGCUUUCG - AA- - - UCGC: - UUUAC GCGG
Favia |izardensis AG_MAOAAAAC AUUUGC CGUG - CAUACC - UGCUUUCG - UA UCGC - UUCGU GCGG UUACUUAUU UGAAAGUA GUGAA- - CAUG
Orbicella faveol ata AC-\tMAACAAAC EAUUUGC CGUG - CAUUCC - UGCUUUCG - UA- - - UCGC- - UUCAU GCGG - - UUACAUUUG - - UGAAAGUA GUGAA- - CAUG
Pl atygyra daedal ea ‘GMACAMAC AUUUGC CGUG - CAUACC - UGCUUUCG - UA- - - UCGC - uucGU GCGG - - UUACUUAUG - - UGAAAGCA GUGAA - CAUG
Porites astreoides AG\MAA AUGGGU CGUG - CAGUCC - UGCUUUCG - GA - - UCGC - CUUGG GCGA - - UUGCAAAUG - - UGGAAGCA GUGAA- - CAUG
Gal axea fascicularis *ULMAOCUCAAC EAAUUGU CGUG - CAUUCC - UGCUUUCG - GA- - - UCAC- - UUGAU GCGA - - UCGCUUUUG - - UGAAGGCA GAGAC - CAUG
Corynactis australis Acd¥ic AAAGGC - GAUAUGUCGUG - CAGC - - - UCCUGUUUCC - GGAUCGU- - UUCGC ACGGUUC - - AAGUGUGGAAACAGUGA A - CAUG
Ri cordea yunma ﬁ AUAUU AUG UuuU CAUU- - UCUG UCCUGCUUUC - GGAUCGU- - UUCGC GCGGUCC - - AACUGUGAAAGCA( A - CGUGUCC
Mont i pora capitata A GOVRCAAC EAAUGGU CUUG - - CAWU - CUU GCUUUCG AAUCGC - UUUUU GCGGUU - - GUAUUUG - - UGAGAGC UGAGAA- - CAUG
Ant hopl eura el eganti ssima éﬁGtMACUUGU AACG GG UCGC - AGA GAUCUU CCCA- AAGACGUCAUAUGGG cc AGGUC AA- - GCGA- AA
Actinia tenebrosa AGLMACAUGU AACA [ce UCGC - AGA GAUCUU CCCA- AAGACGUCAUAUGGG AC AGGUC AA- - GCGA- AA
Aurelia aurita AcMau AA A GAAUC UGAGU- - - ACUUGA CUGAUUAAGUUGU- - - UCA UCAAGU UAU GAUUC - C
Chrysaora fuscescens ﬁucMAu AAAAAAU- - - GC GUGG - U GCUUGA uu ACUGUAGAAUU- - - GU uu UCAAGC CUGC - A
Rhopi | ema escul entum AGALRIUC CGAG V] AGCU- - CCuU UUUCGG GUGAUG UCAAUUAC - - CAUCAU UCGAGA A - GGCU
Lucernaria quadricornis (ﬁ AAAGUCGU- - [UUGUGA uuu CAGA - WU UGUGCAA - - U GGC UGAGUUC GCc UUGUGCA U - ACUG LU
Craspedacusta sower byi AULMAU GAGU GA GCAA- - UGU GUGGC uu CUCUCGAGUCUU- - - GAG Cu GUCGC uuuC - A
Trichopl ax adhaerens LniALMCU GAGG CAU - - UGCGUUUGGCUUAG CUUUUGGAGUCUAC - AAAG UUGAGC AGCAAUG AUG
Anphi medon queensl andi ca A%AUG GCUGG UUAUAUCUUUUCACUCA C UGGU- UCAUUCAU- - - ACCA A UGA A GUAUAA
Sycon ciliatum J aACAGU AA CCG - - GUUUGUUCCUUA GCACC UCAGCCAU- - - GBUGC UAGGAGGCAUUCAGUG - - UGG
Oscarel la carnel a JaUUGZAUCGCU- - @CAGGCCUUGACUU GuC U cuc U - GECGUUUUUUUC AAUCGCC U GAG GGC
box H P7a P7b P8a P8b P8b P8a P7b P7a ACA
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