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Supplementary text: Results on deuterostome novelties
Pharyngeal gene cluster
Linkage of nkx2-1/2 to msxlx in Trichoplax:

On scaffold NW_002060943.1, NCBI Trichoplax genes, XP_002107829.1, XP_002107830.1,
XP_002107831.1 encoding nkx2-1/2 like homeoboxes are adjacent to likely msxlx ortholog
XP 002108628.1.

>Ta|XP_002107829.1 hypothetical protein TRIADDRAFT 9507, partial [Trichoplax adhaerens]
KRRILFTQMQVSELEKRFKRQRYLSAQEREHLAKLIDLTPTQVKIWFQNHRYKCKRQF
>Ta|XP_002107830.1 hypothetical protein TRIADDRAFT 9561, partial [Trichoplax adhaerens]
KKKRRILFTKNQTDQLEKRFRQQKYLSAPEREHLANMIKLTPTQVKIWFQNHRYKCKRQ
>Ta|XP_002107831.1 hypothetical protein TRIADDRAFT 9531, partial [Trichoplax adhaerens]
RRRILFSSQQVEVLQNRFQINIYLSPIEREQLARKLHLSPKQVKVWFQNQRYKKRKK
>Ta|XP_002108628.1 hypothetical protein TRIADDRAFT 51739 [Trichoplax adhaerens]
MVVAKREKVKNNKKSNAKCHRLGQSCPTLTEKPKDEKNFQTDFSKEPIANKFTAPTTMPF
SVDRILGFANSTVAPMAIDPNYAYYRNSYNPNDFRYTYPAPYFGLGRLDWLQTNPHFTPV
TVKNDNSNEDGQKNCTQKKRRISRCPRIPFSKDQLNLMEDVFQQQQYLSPRDIENLCRKL
DLKEHRVKNWFQNRRAREKRARTSSSITVLTNQYETSPDSKKNVNSNETVTPTANPMYLT
YTPNSPSKNALQDNRWLVTIPEKIQNIDQHKD

Linkage of nkx2-1/2 to msxix and foxA in the octocoral Xenia sp.:

The octocoral Xenia sp. encodes likely orthologs of several pharyngeal cluster genes on the same
scaffold, within around 100 genes (0.7Mb) of each other for the core transcription factors:

HiC scaffold 25 5648642 Xe 021979 # pharyngeal mipol-like

HiC scaffold 25 5749435 Xe 022000 Forkhead:HNF C # pharyngeal foxa-like
HiC scaffold 25 5760896 Xe 022001 Forkhead:HNF C # pharyngeal foxa-like
HiC scaffold 25 6073776 Xe 022051 Homeobox # pharyngeal nk2-like

HiC scaffold 25 6459615 Xe 022099 Homeobox # pharyngeal msxlIx-like

>Xe 022000-T1 Xe 022000
MMDSLLTSDYLQDPLDPKARQVKDKEKSMTSRRNFTHAKPPYSYISLITMAIQQSPNKML
TLSEIYQFIMDLFPYYRANQQRWQNSIRHSLSFNDCFVKVPRSPDRPGKGSYWTLHPDCG
NMFENGCYLRRQKRFKADKKPNLNHLVKPGPYVPGVPKVQGGKTFATPSFLAPTHYGGFR
PGFNHPFAIKNITADHEMDFRGYDSMHFNPYHSGSLSTPPPVPAMSPMSSFGLPKTTLDP
PSLMTSDANLTPYYPSCGYINTSSSCSLSGYT

>Xe 022051-T1 Xe 022051
MSNSANGVHSIENILETCERKKLSQQLTTTRKIQCFKPVLSSVQSIAEPCGLPNDKDVSK
EISFDYSIESGVQKKRTKNNEINTFTVRTPSHINTEQTSHIEIEKNTSSRKKTKAKKRVL
FTRAQVFELERRFRVQKYLSAVEREQLAKVTNLTPTQIKVWYQNHRYKNKKQNIRETAET
EKLWDFYEYGRNRQLINQMFQNMNSTSSSATLNNISHDNMQ

>Xe 022099-T1 Xe 022099
MYLKIQAESFLIILYTLQEKFNWILKRFAIQPQPFWLRTVGRKKTQYEEKNKAILQPFHT
LHNSPREESSKRRPKQKRKPGRNPRVPFTPKQLTTLENKFETMKYLTSDEVRSLCLVLTL
PENKIKIWFQNRRAREKRKSSQSSDEYVDVMTIDGENS



(Data downloaded from: http://cmo.carnegiescience.edu/data/)

Linkage of msxIx and pax1/9 in Phoronis australis:

Phylogenetic analysis identified g118.t1 as msxlx and g100.t1 as pax1/9, both encoded on
‘scaffold1’ (annotation file: 51 pau v2.gff). There are 17 intervening genes but 3 of these have
no database hits in the NCBI NR protein database.

>Palg100.t1
MDQAFGEVNQLGGVFVNGRPLPNAIRLRIVEMAQLGVRPCDISRQLRVSHGCVSKILARY
HETGSILPGAIGGSKPRVTTPNVVKHIKMYKERDPGIFAWEIRDKLLSDGVCDKFNVPSV
SSISRILRNKLGSIQQQQFDPYKDSKPLYNLYPYSCASGGPPLSPGNNLVSQPQNVNMPP
MAKPTNHPSAVMRWPSSHAMNNILGLRQSCNQAQENSCMLNNPYKHHDSGQYNYYHMPST
VPSMYLQS

>Pa|gl118.t1
MALLNSLYGPGKYPAFYMSHGNYKNFYANLVQGLGGMPPTNYDLTRVQLARKPEMAAATS
YQLRIPSPGQRKPSSPRATSTGVVESEKHSAETVDKNLIKPSQNPLTNFSIEGILGRKET
VTSSESEDAYDDDEEENEGITDKDDGIHNISRDSNVESESVNLDRQNSLEKDNIDETEFS
WLQCTRYKPPKLPRSRKREGVKKRKLGRNPRVPFTQQQVGILEQKFRQTHYLSSVDVLEL
STALNLTETRVKIWFQNRRARERRDRECKKTNPHVRPPQNASSAAGSSLSPYHGAIPWPL
PLPPNPTTLAQFSQALQYGPHSAFSPVPFIYTSQPHLAASPFTFYRVPEAKE

(Data downloaded from: https://marinegenomics.oist.jp/pau_v2/viewer/download?
project id=51)

We find no evidence for pax1/9 orthologs outside of the Bilateria (in the context of our analysis,
cnidarians or Trichoplax).

Gene novelties

We examined the 31 genes / gene families highlighted as deuterostome novelties in the
supplementary information of Simakov et al. to test their status in light of new sequence
resources. Our primary consideration has been the identification of candidate orthologs within
protostome and non-bilaterian animal sequence sets. Identification of such sequences leads to the
inference that the gene was present in the common ancestor of protostomes and deuterostomes
(i.e. Urbilateria). Simakov et al. classify some genes as deuterostome specific, despite having
non-bilaterian animal representatives, as a consequence of inferred loss within protostomes. Such
genes are plesiomorphic with respect to Bilateria and therefore unsuitable as markers of
deuterostome monophyly. We recognise that demonstrating deuterostome monophyly was not
the purpose of Simakov et al. in gathering these data.

In the “Novel aspects of TGFbeta signaling genes in deuterostomes” category of Simakov et al,
there is good evidence of urbilaterian ancestry for 3 out of 5 of their examples, with a potential
fourth dependent on the precise timing of a gene duplication event (for which no evidence is
available). In their “Sialo-glycoproteins and the evolution of muco-ciliary filter feeding”
category, out of 7 examples, we consider 6 likely present in Urbilateria. In the category
“Deuterostome novelties for physiological-metabolic specializations” at least 10 out of 14
examples were likely present in Urbilateria with a further example likely hemichordate, rather
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than deuterostome, specific. Finally of the 5 examples in “Deuterostome novelties without
eukaryotic or prokaryotic homologs”, we identify one that was likely present in Urbilateria.

S

We review our reasoning below. Homoscleromorph (Plakina, Corticium) sponge transcriptomes
were assembled from reads using the methods described, and we provide example sequences
from these assemblies where relevant. We report bit scores as these do not vary with database
size (scores from blastp, see methods). All hits were statistically significant (P < 0.001) unless
otherwise noted. Section headings refer to human gene names, with multiple paralogs indicated
in parentheses. Genes are presented with the same section numbering as Simakov et al.

Species abbreviations:

Sponges: P_jan Plakina jani, C_can Corticium candelabrum, O_car Oscarella, AqQ Amphimedon
queenslandica

Cnidarians: Ep Exaiptasia pallida, Of Orbicella faveolata, Pd Pocillopora damicornis
Protostomes: La Lingula anatina, Pa Phoronis australis, Pc Priapulus caudatus

Sequences can be retrieved via the accessions at the NCBI, excepting the homoscleromorph
sponges.

Novel aspects of TGFbeta signaling genes in deuterostomes
1. LEFTY (1,2)

The LEFTY protein is composed of a pro-peptide and TGF-f signalling domain. Simakov et al.
reported the existence of a lophotrochozoan ortholog of the LEFTY pro-peptide lacking the
signalling domain (and we thus infer its presence in Urbilateria). In agreement with them we
were unable to identify protostome or non-bilaterian LEFTY signalling domain orthologs.

Our assessment: deuterostome specific (signalling domain only).
2. GDF1/Univin

Blast searches and phylogenetic analysis revealed an ortholog in the protostome brachiopod
Lingula anatina (in a similar tandem duplication arrangement with BMP2/4 to that discussed by
Simakov ef al.). The presence in Lingula has also been noted by Luo and co-workers (43).

Our assessment: present in Urbilateria, because present in protostomes and deuterostomes.

Example sequence:

>La 919024921 ref|XP_013396302.1| PREDICTED: univin-like [Lingula anatina]
MQLPDSPGGGVCYLFLEFMAVRLSSTAVGLOQTAIKMHQGAILRGHTTVDGEEHLETAAHLV
QSDISHSRSQHDELKMLKLEGLSERPSPKPNSTVPGFMYQLYEKVRLSEERDQARCHESD
QSIPGNVIRSLRNKGPPKDOQDLRFHPNGVRIFFNLSVVPALESVTRAELRIESSQLTKQD
RAENSQKCKISIYQIRRTLNIRISSSIDSLHLKHISSSVFELNTENDSLDSWQSPDLIET
VKFWSENPTKNHGLYLLHEPLESNSVENRDSLCSNLESSSISLLVVTSDTSKCHHRVRRS
KPTINFARSNLCRRHALFIDFKDVGWAKWIISPVVYQAYRCQGDCPFPLNEHLNGTNHAT
IONLVNSMYPSTVPRACCAPTHLSAMSMLYFDNHDNVVLRKYEDMIVDSCGCH



3. TGFB (1,2,3)

The discussion of Simakov et al. notes the presence of sponge and anthozoan sequences and that
deuterostome TGFb2 genes were “likely derived from a bilaterian ancestral sequence”. In
agreement with them, we identified orthologs of TGFB1/2/3 in anthozoans and sponges.

Our assessment: present in Urbliateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>Ep|XP_020915263.1 transforming growth factor beta-2-like [Exaiptasia pallida]
MELISCFSKALLLLAVCODLGMFFEFVNGKSRLKESRIQAVRGQILTKLGLTSPPDEGARVR
PKREELEAFKAVRNEAFQHONVDENCIRNDKSASYFAKSIVSLHLVQRTGKTIQYEDPAK
KRVHIVDINTLTEFDATQLDGEHHIEKAEMRIDPNYFPTIQGTTIKACMVDRLSSSSIHNT
CSQVLDSKFEFIDSQADINLDVTDAVKKRXMAPKSMAFVKVIQXGMEQNGYDSSSTLSWEPY
VLVWYIPMNRYTIERRRRHRRSLDLAFCNQRPTEKRCCLRSLYIDFQKDLKWNWIHAPLG
FHANYCKGTCPFLWGSSNQTHHTSIMALYNSINPNAPSEPCCVASSYKPLVILHYVKGQP
KIEQLNNMVVTSCTCL

>0f |XP_020607064.1 transforming growth factor beta-1-like [Orbicella
faveolata]
MSLLSSOMLGTEFPLYVWELIWMNVVGVAFITGCKTCNSRQAREKRLIAVQGQILAKLGLT
KPPNGEEIFMNVSREVMOTYKSAVQEKDKLLLESKLCRSQVDADEEYFAKRVERLLLEKE
VARTVVPSKYAKLRLSTCPKGKNDKDVYSLIFNLSKLVTESARVSLAELRLYOMPNQRQOP
LSNVRIDVCENTGEHDDNAKNGCITALDSAWSLSSEEKWISEFDITSVVQKWLEDSSTNYG
LTVIVTSSVPADKDERVSPIYLGGPAPKQMHDEDEEPWPNILVWE IPRERVHSTRRRNKR
SLDSNYCKKRSTETRCCLRSLYIDFKKDLRWKWLHAPKGEYANYCAGHCPLMWGVEKQNH
HTTIMSLYNKINPDAPGDPCCVPKTYEPLVVLYFKDGEPKIDELSNMAVSECTCL

4. THBS (1,2)

Simakov et al. note the presence of a sponge sequence with similarity to the N-terminal half of
THBS1/2 and note that “it may reflect a metazoan sequence that persisted through the bilaterian
ancestor to the deuterostome stem”. We agree with this, and identified further sponge genes
including VWc¢, TSP1, TSP3 and repeats and other relevant domains.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequence:

>P_jan|DN485_c0_gl_1i9.pl

MIGDGEISTSRATLAALLGFAAVLFAFLTGTVDAESSPLEELNVLEEAGLSPSIALQTPR
VAYELHAGMPPVYHLDAPDKVFRVNSEQTERFATAVEKNKGF TEVANIQPAHGNNKGILV
SLDEPMSYRPAYLRLCYDGRMRKFLIEYSTKGNNVMTWFRDVHLSTQOMNRIVLVVHHLN
VMLYVNCRFVATAKLQGPIHATPLSERAEFRLGRTTAKIWSQPPYKGGIQEMKE LEFKDMS
PEVLGSSCSIEEKTTYLKGLVAMNGCEYCPEFVSQLVDVFQAMSTHLDDLKLRLQLRVRTN
PASKDTPTTEEGSCRDSRGYFYYHSETWAPSPCRNCSCYRGNITCLDTVCPKMDCDIEFYQ
LPGQCCPSCWSALREPLPDDFVDHNNDINNRADVAVTWSDWGIWGLCSKSCGGGKQKRMR



NCNKITGYPGGHDCLGOMLETRVCNTYYCPIDGGWSNWIDWSPCSVSCEVGTQVRARRCD
NPVPAYDGVSCIGDDRETRACVLLEKCPTPCSPNPCFKGIVNCTEHGIKYQCGPCPVGYQ
GDGIHCRDLNECKLVPEACHPLASCKNKRPGYACSSCPAGYRGNRLKGIGLEDARTKRQV
CKDIDECAKNNGGCRHSPCINTIGSYHCGPCDPGYSREGRADGQCILVNVCPLGWHNCTG
NEFKCQPAGNLSFVCVCPEIGHFFKDGMCIRDTDIDGYPDSAIDGCVEKWCKKDNCPTVPN
SGQEDHDNDGLGDACDDDDDNDGIKDSKDNCPLLRNVKQSDLDRDGVGDLCDNCVRTRNP
YQODFDHDGLGNACDPDPDODGIFTGVDNCPLARNEEQEDFDHDHVGDNCDNCPYDVNTN
QGDRDFDMVGDVCDTDIDSDGDGIQDDLDICRYQRNADQANHDSDAHGDLCDSDDDDDGFE
PDNQDNCPLVKNSKQEDINGNGIGDLCENDYDGDSFANDIDVCPYNREIDRVDFLMFDQV
ALRYRKEPWWRVLANGAEIIQERVSSAGLAVGYHKFSNVDENGTFFVNTDSRDDYFGEVE
SYQSNKRFYVVMWKKSKENYPSSKVSTALPGIQIKVVNSASGPSTALERALWHTGTTPRQ
VRLLWHDPKQIPWRSHTAYRWMLTHNAENGRIRLRIYDAGEEIIDTGYLVDRTLRGGRLG
FFALQOSQVEFWSDLSYRCSGNVTDVDECSSILI

5. TGFBR2

TGFBR2 orthologs are present in Ambulacraria and Chordata. These are paralogous to Activin
receptors. The TGFRB2 ectodomain sequence is similar to the extracellular domain of Actvin
receptors. Although this is not statistically significant, neither is the similarity between, for
instance the human TGFRB2 ectodomain and that of Saccoglossus or Strongylocentrotus
orthologs, with a blast search of the human TGFRB2 ectodomain returning no significant non-
chordate hits.

Our assessment: similar sequences were clearly present in Urbilateria. Deuterostome specificity
depends on the precise timing of a gene duplication event, with deuterostome specificity (if this
occurred on the deuterostome stem) or protostome loss (if origin on bilaterian stem).

Sialo-glycoproteins and the evolution of muco-ciliary filter feeding
6. GNE

We identified homoscleromorph sponge orthologs of GNE, with the best hit of human GNE to
our sponge sequence database scoring 863 bits, and the best hit to bacteria scoring 318 bits.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequence:

>C_can|DN12602_c0O_gl_1i3.pl

MDANNVQOQORROQIKVCIATCNRADYSKLEPVMAGIQADPDMELSVIVLGSHLIDDYGSTHR
FISADGFSITQKLHTIVRGEDEAAMVESVGLSLVKLPDVLYRLDPDLLVVHGDRFDALAL
ATSAALMNYRILHLEGGEVSGTIDDSIRHAITKLAHYHACCTERARQRLIAMCESPSRVL
LSGCPSYDKLLRADTSSLERVCHRYQVDPNDEFLIVIQHPVTTNQVESQKME SVMVDAVIE
FNHSTLFLFPNVDAGSKDLTRIMRRRGLESHGQHPNISTIKHIPFDEFMILLSKCKCIVG
NSSAGVREAGAFGTPVVNVGSROTGRETGENVVHVRDADSKEKVLRALOLOYGKRYPPSH
IYGDGRCIPRILQFIKEIPFKSGIQKGENFPAMPASSSQDIDHILEIQSALAIDMGGTNL
RVATIVDLRGQIVYYTKVPNPPVFEERIDVLAALTISDAKKKAVEHDCRLLGIGISTGGRVD
PKEGALLDATSLIHDWSYVNLRALLSSKVELPVWVDNDGNCAAQGERRFGKGQGVKDCIT
VIAGTGIGGGIILNGEVQYGSTFCAAELGHVVVSMDGPLCSCGQHGCVEAYAGGATLDRE



AKSLHEAGELNDFLEADREVSGVHLTAAAKLGNVNAEKIVRRAGTALGTAITSMLHVVNP
SHVILCGHLAPVYYNYVKAVIQQRALPSARKVEIVVSEISDPALLGAASLVLDYSIRRIY
GNSH

7. CMAH

We identified homoscleromorph sponge orthologs of CMAH, with the best hit of mouse CMAH
to our sponge sequence database scoring 596 bits, and the best hit to bacteria scoring 219 bits.
(Note this gene is absent in human).

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequence:

>P_jan|DN16311_c0O_gl_i2.pl
MTASGSDRSLLLTLSKDIVDTLKPGVTIQTLNKHGILLYRSKGEDLKLRACKNVCHHQEG
TEFIKDIESLTADACSSVVRCTKHGWKLDMATMEY INPPDCFTQEELLVEEDGKGNINLYQ
RIRPQOQPWEKDGRPAQTIHAGEVKITYFTHACVEMNFDGTIFFTDPWLTGPAFARGWWLM
HEPPADWLDRLSKASLIYISHLHPDHLSYPTLKMLYQRNPHIPIYVGNTATLPFSRQHCY
GDEAYNVIVCELATWQEVSEDLRFMIMHDGIHTEMDTCLLIDYKGHLIMNTVDCSRPNDN
MLPKDVDLLMSDFAGGATGYPVSFYGGCYAEEWKRNFIQSERKKEINRKVAMAKKVNPQM
YLPFAGYFTEAHPSDEYIKERNRKNDPAVLNALLNKYAPNVQTWTPKPGAWVDLATLEVT
DPPIETPVFKTQWNEFDLYTKLIDENIKFVPFQHPDSIHFYFQWVGLKDYNLVLRVIETDE
EFEKDPNGFDVLVDLQDVSFPSERPTRQHNYIEMKARIGVFRETMKFGYLWDNLYLGFQC
RLTREPDVFHENFWNHMQLLLPSTPPDWAKFWKSKGGRVEELNGPRYMLPDLLPN

8. ST6GALNAC (3,4,5,6):

We identified homoscleromorph sponge orthologs of STOGALNACSs, with the best hit of human
ST6GALNACH4 to our sponge sequence database scoring 214 bits, and the best hit to bacteria
scoring 59.3 bits.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>P_jan|DN13518_c0O_g4_il.pl
KARIMLMLLRLRPALALFLFLFAGIGIFIQWLRTRGDGVHDSKASLLTISESTSSQLQRD
LEVGVRVTTQISNRQTEAHDPDINHNNP SIGDPQSTSLEQRVPDTGVKEAKLTNSLKAQT
QANAEETKSDNAVHQLLSPNAVAPVPAEGILHDKLTVLPGYISVLDDQPLKLNCKTCALV
SSSGRILGKKKGSEIDQADCVFRMNSAPVEGFETDVGHKTTVRLLSQF SVPHGLRLVSHH
TDQPLNFF IAWGAEGHLGKKTQKYGMMLETAKKYPAMGIYRSSDKHYWYQDEVFQAETGQ
ERMKSGTWLSTGWF TFDVIKQACPRTKIYGMIPETFCRNGSAPPALYHYWERNAGDECSY
YRQMENRVRAAHRFMSEKTVFARWAIKYNMTFHVPDWDPKDYSHSEIKFPTFLS*
>0O_car|m.311493
MLNRRISIALVALFGAVVLLWKLNSSMGNTQIVDNDNLLENLQVSTGLEETMTNLKKATE
RPVVVHASHSSASTEIKVASTNSGYPMMLNGYRSIIDPNEPLKMNCTTCSLVSSSGRILG
QSKGAEIDGADCVLRMNIAPVKGYEGDVGKRTTARILSQFSVKFARNQLLAAENLRYFIA



WGGNVHLGQKTANYKKMLEKAIQLPNIGFFRSSEEYYWYQDKVFENITGRPROQKSGTWLS
TGWFTFDVIKNACKRTKVYGMIPEVFCRDPTAPKALYHYWDPNAGDECAYYSRMENMRAG
AHRFMTEKATIFARWALQHSITFHSPDWDPKLHTEAHHKE *
>C_can|DN7762_c0_g2_1il.pl
MSRTMTYRLFRPRPIVALGLFVLAGSGILIQWLRFRSPSEGEKAPKSSEDELPQSLRONI
GSDGGKRTENDELQEKKTTTENRVLHTAGONSLVNQONGKTPDMDVVIDSKPAESEKSQNA
DLESEERESLETRDRPAVLNGYMSVLDDKPLTLNCKSCALVSSSGRVLGQKKGSEIDEAD
CVFRMNAAPAKGFEIDVGHKTTIRVLSQFSVAAGITQIIRGQESLSFFISWGADKHLGKT
TSKYREMVSTANKYPQIGEFYRSSNEHYWYQDEIFEKETGQKRMSSGSWLTTGWE TEDVMK
QACPTTKIYGMVPEDFCKNPKAVPALYHYWEPRGGMECSYYAKMENNRRGAHRFMSEKTI
FARWAVKHNMTEFHSPDWNPNDY IKKDIKFPMP

9. ST3GAL (1,2):

We identified homoscleromorph sponge orthologs of ST3GALSs (in common with Petit et al.,
2015 (44) and Simakov et al., 2017 (16)), although with representatives from multiple
independently sequenced species. The best hit of human ST3GALI to our sponge sequence
database scored 236 bits, and the best hit to bacteria scored 71.6 bits. Sponge sequences searched
against the NCBI NR database retrieve vertebrates as best hits, suggesting all animal sequences
form a clade.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>0_car|m.10828
FAPESWNRRTFRFLCMVHKIMPRCREVSESIFLEVIMATIFVEFIRHQTSWEESVSLEDPMM
RSQPAVKPEETKDQPAGKPKETKDQPAGKAEEAEDYPRRDSTICPNIGTLLANPNLPRIL
KSKFHPDVKVMLTODTKTLDEP INSWWKKLQPEFDNKRDEFTELAEDLETVIPGENPESPGV
CRRCAVVGTAGRLKGARQGKLIDSFDIVIRMNRSPVKGYEVDVGSKTSYHLVYPESAVGY
RGAESSGKLVLFPFKVLDIEWLKSIFTTHPISKGWTHLPTNLGLKPTDAMVIHPEFIYYV
AKTWLEGKGRWASAGALSVVWALHICNEVDVEGEGANKYGNWDHYYEKFSSKEKDPEFRRT
GVHDANIEETVRMELHKEKIIRFHPGNPA*

>C_can|DN3691_c0O_gl_i6.pl
MNNAPVKGYEKDVGVKTTHHIVYPESARFYRGFRSSGKLVLLPFKLLDIEWLISTLTTHH
ISRGWTAVPTHLDLTGKDAMVIHPEFLYYARHTWYESQGRWPSAGALATIVWAIHICDEVD
VEGEFGRNRFGNFHHYYEKVERTGKDPFRQTGVHNAD IEEQVRAALDKGGAIRFHPGT*
>P_jan|DN4107_c0O_gl_i3.pl
MNTAPVRGYEKDIGSKTTHHIVYPESAKNYRGAQSSGKLVLMPFKLLDIQWLISIFTTHN
ISRGWTSVPTRLALTGKDAMVVHPEFIYYVRHTWYESRGRWASAGGFATIWALHICDEVD
VEGEFGRNQYGNWAHYYDKFVSTGTDPFRRTGVHDADREEVVRLALTKAAVIQFHAGK*

10. ST8SIA (1,2,3,4,5,6)
We could not identify clear non-deuterostome equivalents of these genes.
Our assessment: subfamily specific to deuterostomes.

11. B4AGALNT (1,2)



We identified likely orthologs of B4AGALNTS in homoscleromorph sponges, with the best hit of
human B4AGALNT]1 to our sponge sequence database scoring 213 bits, and the best hit to bacteria
scoring 118 bits.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>P_jan|DN3489_c0_g2_i4d.pl
MARRPIVVRKYWRTVEGVTCITLLEWVSFRLVSLLRSYMVSLDPKDWEGKRDGCSCPNSD
HTAAEVLSKESQKLRNFAFERWQOREKIVRPSPPLAVCPSDSPLQFVSSGLEIEPMQSIN
LAGLAVKTSGKSILYWNNPVELTFTSVRGEFGVLLLTSRLRVTVDGNSTQRMTLSVTGDTR
KLKALNIVLKGVLYQSTVAVYDEWDTIEIRFIDSVVHMHIRIRROQPLPYLYKTSSVSPPI
HERVTIVTKTFERYNKLNREVDSVFKEYPSMTIIVADDSVHFQTVKKTNVLHYEMPPQMG
WFAGRNLAASQVKTEYLVWADDDFVENEKTKLELFMEKLDKVELGLDLVSGHVGTNGYCG
TCILLGKNNESHCVTVMSGCNRGPVRGYPQCVQVDRPMNFFMARTKSIQQIGFDPHEFKNI
GHSEFFMDGYHTLKSACCSDVSVDHIRGGSAFYMKNRKIDGQLLADYRTYIAFKYNIRCL
SIVT

>C_can|DN30744_c0_qgl_i4d.pl
MPISRSLTYNSIALVTALAFLIFITTFIRLGLEFDVQSARHCNRRIQLDGRTLDDTCLLEN
STRSSLWGARVLQRLEDRRVAKGCSCSRALRLELQDDVLRIRKHEHNKWKGREKE IGPRP
PLAFCPSDSPLQFPSTGIEIEPKQGVTLVGLAISASQTSYWDDTVVEIVFKSMRGLGVLS
LPRQSFYSEFVRMNVVVRGNNTNRMTLSAQSRHALNLNVALKDLMYQSTVAVVNELETVSV
SFLGNVEFDIHIRIRRKRMPYLRKTSSVFPRIEERVTIATKTFERYDKVIRLIDSVLKYYP
SLTIIVADDSVNFRTIRKKNVLHYRMPPQIGWFAGRNLVVSQVMTEYLVWVDDDFEFDKN
TKLELFMEKLDRLDLRLDLVAGHVVSPGKTGSCGSCLQVEMDREGYCVTVNRSCSLGPLD
GYPQCVLVDRALNFFMARTKSVHEIGFDPHFNHIGHTSFFIDGYHTLRSACCSDVSIGHF
SAGSSPFYHQONRRISGQELIKHQSYILFKYNMKCISEV

12. NEU (1,2,3,4)

As stated by Simakov et al., cnidarian sequences indicate that NEU1 was present in the bilaterian
ancestor. These sequences, and other sponge matches are distinct from the deuterostome
NEU2/3/4 sequences. There is no way to date the split between NEU1 and NEU2/3/4, which
could have occurred on the deuterostome or bilaterian stem. Using more sensitive hidden
Markov model database searches initiated with the Pfam BNR 2 model, we identified a couple
of NEU related protein sequences in protostomes (see below), but with no clear relationship to
deuterostome sequences beyond general family membership. Taken together with many sponge
and choanoflagellate family members, this suggests a very dynamic history for the family in the
animal lineage.

Our assessment: NEU1-like sequences were present in Urbilateria, because present in
deuterostomes and non-bilaterian animals. Deuterostome specificity of the NEU2/3/4 sub-family
depends on the precise timing of a gene duplication event, with deuterostome specificity (if this
occurred on the deuterostome stem) or protostome loss (if origin on bilaterian stem), but NEU1
is a clear protostome loss.



Protostome NEU-like sequences:

>La 919100968 «ref|XP_013386852.1| PREDICTED: uncharacterized protein
LOC106156237 isoform X1 [Lingula anatina]
MPRLRRMESLSAYFSDGCRAQPLWEFFMMVAVLPATTGKSFDGLLRRTTDGRYEAYMKPPY
KSNHASFIERLSNEDMVIAWESGSKEGESNVAIVFARLPNGTLQWMNPRTVSQRPGYSNQ
NPVLFADNNTLEFLFHTQQKASFTSTCNSDVGSEDSAQVWALVSTDGKGEKFTKPKLVLSK
AGSFDRNRITRSLKNEWLFPTYFAGGSSKDQHSILMENAKHDPYSSWVGHAFPKSDYLVQ
PSVVRPVPGKPNLVVFFRDRRAGNIYRATSPDDGKTWTTPTKTTLPNNNSGIEANVLKSG
RIALVYNPTHHARDPLVISLSEDQGKSWKYTRTLETSSSGKNVVEYSYPSLLOQDTMARIH
VSYTYNRETVKHVIIPNEQWIMKTY

>XP_034309900.1 uncharacterized protein LOC105346535 isoform X1 [Crassostrea
gigas]

MINFRDFFWFLIFAITANADPKFDGVLRNASDGTMEAYMIPPFASNHASFIEPLPNGDLV
MAWFSGTSEGESNVAIVESQLKNNSDQWTKAQVVSQRKGYSNONPVLFHDNKTDVLYLFH
SQQEAKKASAGIQSEDSAEIWVLSAKNVINSTAIQFSPPRVMFKHKGSFDRNRVVVSLRN
TWLYPMYYAGGSSKDQTSNLKECVDHDVEFSSWLDHPFTASNYLVQPSVVRPKKGNPRLIV
FFRDRRAQHVYRAESPDDGKTWTRPSKATLPNNNSGIEASVLSSGNLAIVYNPTTRDRNP
LSVSLSDDQGITWKYTRNLEYTKSSNGVEEFSYPTLFQDSSGRIHISYTENRQTIKHRILP

NEQWIMQK

Deuterostome novelties for physiological-metabolic specializations
13. PCSK9

Blast and other database search methods reveal strong hits to sponge sequences, although there
are matches of comparable strength to bacteria. Phylogenetic analysis suggests all animal
proteins similar to PCSK9 form a monophyletic group to the exclusion of bacteria. Simakov et
al. also report this relationship with Amphimedon sequences, but discount it because of lack of
conserved exon boundaries. While this and the presence of an additional ‘CUB’ domain suggest
a degree of independent evolution, we consider it more conservative to hypothesize vertical
descent, rather than horizontal gene transfer.

Our assessment: present in Urbilateria because present in deuterostomes and non-bilaterian
animals.

Example sequence:

>AQ|XP_019849358.1 PREDICTED: uncharacterized protein LOC100638459 [Amphimedon
queenslandical
MRSLOSNVKFMLLAALIYLILIKEKAEARRVIRAASGSNTTGNYIIVVTDGVNHSRFMEI
VDQVRNETLDSKIYEQVEGPFINIISARITEDAAHRLKVMDGIEFVEEETYAVKSVSWAT
DRLDQTGPTLDNTYTPEGNGEGVDVYILDTGIKYSHNDFGGRAKYPGFDPVDTADGTNQN
GLDCDGHGTHVASLAVGTNWGVAKGADVYSVRVLDCEGSAPWSVIVNGVNKAGSRIVSSN
RSGVISMSLGGGYSHTLNSALISVMNKGVPVVAAAGNERDDACNYSPASTTGVITVGGSA
KGDSLYYYTNGGTCVDVFAPGSQVTAADSSCNSCSVTYSGTSMATPIVSGSVAIHLQKNP
ALTPSQVRNKIIQODSLKNKLTYNNLKNSLRSGTANRLLHVKPKAETVIVTSTSTTTQEVT
QITITSISHATVTQQVTRTTVSIVPTTVISVSTSHVSITSTATVAVTAIVKTSVPVIVTIVT
PTPTPEEVCCSTLRNFETFEVRMMSGLSDIVNKGVETITIERSSTSSNSTCEVKAPIDGNT
TTNGTKPQAVTKSCAEIITSLPGASSGRYYLQSKDSKMNGSAAVYCELEKEIKGNRGEFMR
TIANVNMSDPNTDCPEGLLLRTDGNLRTCQRHQFHSGCSTTSEFSSSGVEYSRVCGRIRGYQ



WASPNAFYDTTLYSSPKVEDDYVDGVVLTNQVNESRSHIWTFAAALDETDRNKAIVCQCS
NVNVTLNDFKTPSEFVGNDYFCETGSRHQEFSYGVLYTEDPLWDGKGCGKVSTCCDKGEWEC
KDVPKTSSDIELRLCGNEDRNNEDTPLDLIELYIQ

14. PADI

Blast searches initiated with human PADI1 and phylogenetic analysis revealed an ortholog in the
protostome Priapulus caudatus. Searches against sponge sequences revealed hits to
homoscleromorph sponges with comparable bit scores to bilaterians, and searches initiated with
these sequences retrieved metazoan best hits. Other investigators have also recently reported
PADI candidates in Priapulus (45).

Our assessment: present in Urbilateria, because present in deuterostomes, protostomes and non-
bilaterian animals.

Example sequences:

>XP_014670183.1 PREDICTED: protein—arginine deiminase type-2-like isoform X2
[Priapulus caudatus]
MEGTSYLSERGPGASRNEGVRTINLILNDVASAVVIVKTEICVRISSVAPEGAVRYGLVS
DLDGDITVKFREESVSGYGSEEDVAPVVVAYVHVATVSRQENDKRVEFLFYNVDGEDLGK
ADLHLTCVDISLDVDADRDGIVEKNSPHKNSWKWGRDGYGAVLLVNSDCETANETEMRDT
DDELVNGPLDLLDMGRMMLRTDGPEQLPEGYSMQLYVDDKFADYVGVEFYLTADTEAMMKN
KHVIGPRQRAAEVLYPGMGGEVEFAVEGLSFPDRYFEGFLHTHLALFKDDVPIYEDMVQF
RVAPWIMTPNTLEAEIVYVCDTRDNKHFVEKLRGFVEGLSGIQLVVCGLDGNRGDRWMQD
ETELGYTEVPQRQPMAVVLDSPRERGLCKFSQRQCLGPDFGYATRNTSRHKANSLDSFGN
LEVSPPVKLNGKDFPLGRILIGNALTSSLKGRRMMRVVNRFLYAQKVQPVIELFSDWLNV
GHIDEFMTFVPVPGSRQGFRLCLASPNKAYGILEKLQTDGHGDVVMFEGKRASRRSKQOMK
QETVSELLANQTLRAENKKFQAYIDFNRDILKRELGLEEGDIVDIPEIFINELDPKNETT
EPQATSYFPDMVNMLVLGKNLAIPKPFGPVIDGECAFERYVRSALEPLGLSCYFLDDWYT
YHLOQGGEVHCGTNTKRKPF SVKWWDLDLPRMCQ

>P_jan|DN21170_cO_gl_il.pl
MALWDRIVRLRLETPRGSPSKSPEQEFLVTIGTRLVIPEFNGFYSAVPDGVVKVRISASDGL
NIKLPDSNKILEPDTLDYEQGAVMWVTSQSPSVNVGDRKVAFHFLDSSSKELAVAETIATT
VVRLSIHADVTRDGKVNFEKSVDKRSWKWGSAASGGIGAILLVNNDRDGRRKKTDSSDSK
INGPLDLADMSRIGLIMEGPEQLPENYRLVLHTNDTTSKQIRVFEFSRGGRSSTELIGPK
RASKDVTRLWQGKGRLQLAVEGLDYPDKGEFSGSGYIHVSVVEGSMTIFQDSEVFRMAPWI
MTPNTLNPRKVYVAEMVDGDNSAFIKELAALTKAAGVELEIVPSTLNRRDRWMQDETIELG
YSQAPHKSLDVVLDSPRDRGLKQYPKMKLLGEDFGYVTRGDDPANSLDSFGNLEVSPPLE
GYPLGRIIFGGAADYAPWPGRRMMKEVREFLFAQQVQSPIELFSDWLGVGHVDEFMSFEVP
ADKGKYPKGFKLLLASPAACYKFLQELVRDGHGDKEMFEGKTRWNGEDATTTPKKLLQDK
RLRRENTTVQGYIDWNRDVLKRELELDESDIIDLPALFILEDDDRAGAYFPDMVNMLVLG
GHLGIPKPFGPKVGGECAFEKHVNSLLNPLGLESHYIDDWDSYHNLSGEVHCGTNTLREP
FEAKWWEMESPGQQQ*

>C_can|DN15171_c0O_gl_i2.pl
MSLWDRVVRLRLNPIFATTDSAQKELLVIGNRLEVPFDAFYSAVPADVTKVSVSWSHGLD
VILPDSNSTSEENVIDYNQGVVVHVASRTPSETIGDRKVAFRFLDSSLTELATAQIAVTV
IGLSTIHADFTRDGKVNYGSDIDKLTWKWGSNENGGIGAIILVNNDADGRRKKTDVDDDKI
NGPLDFQDMSKIGVKMSGPKDLPHDYRILLHTNDDTSQKIRVFEFSRRGRTSSEVIGPAR
SSKDITRMWKGNEKVELVVEGLDYPDIGFDGSGYIHLSVIEDYMTIYQDSFVEFRMAPWIM



TPNTLKPKKVEVAEMKSGDNSKF INELKQLVKAAGVPLEVVGPKLNKRDRWMODE IELGY
SSAPHKTFSVVLDSPRDRGLKKYPKSQLLGPDFGYVTRGGGKANSLDSFGNLEVSPPVEG
YPLGRITFGGPTDYYPERRMMKEVRDEFLLAQRVQAPIQIFSDWLSVGHVDEFMSEVPADK
SKYPKGFKMLLASPAACYKLLEELIRDGHGDKKMFQGHRRWTSEDATTTANELVEDERLR
RENKTIQGHIDWNRDVLKRELKLDESDIIDLPALFTMEEGGAGAYFPDMVNLLVLDTHLG
IPKPFGPKVRGKCAFETHVNSLLNPLGLTCHYIDDWDSYHVLSGEVHCGTNTLRTPFEHK
WWEIQPAARVE

15. FTO

We identified likely orthologs of FTO in homoscleromorph sponges, with the best hit of human
FTO to our sponge sequence database scoring 214 bits. There were no significant hits to bacteria.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>P_jan|DN32432_c0O_gl_il.pl
MKRRRLNRDEKKSKRMKLLRELDKGIGDYIEPEDQRYQELLDCSYHKLRVIPEFNRTPPHL
HSKVQTSLSHLLEAGYFTHNLVTKEAKTLITPVTRFVAGKRGLTYPYLGLRLFAFPWETD
DTVKSDAEKSLCVLGELNDYMKATGDNMWSEGDVNRFNMTLVNYMDPGHVTIPLALEPYY
HMGMCAVRWHSDQNVQODNCSIGVYSHTVGETDQSVPWSIGLKIAWDVVTSSVKIPLPDGS
CYFLLHDMNMTHQHTVIVGDKPRFSSTHRVVILEGNTLEYISERCRQAEATADRLNTEEF
LCPGDKLEVCLEIQREVEFQWIRQFWCLGMSNAKRHASFWLKHVEGMERTWENVEKAIKI
LYDRILDVTHNAKSQHKDFRSQSCDFTKIILHHLQTREKNRQDWKRRYTAPVLCYLSQSD
LPVERPAFPRDHPHFPYNQSQAIETLGSQLRDQ*

>C_can|DN8123_c0O_gl_i6.pl
MIFIIKKFKININKFTGHVICLLSGIRWQQKKRRVVLSEDAKRSKKARLLRKLRDGVGQY
LEPQDEGYRELVSSAYNKFRLIPSHQTPLSLHSKVQLSLSCLLSSGYFMHNLVTKETKIL
LTPVTRFITGIRGLTYPYLGLRLFAFPWEFEGDPKSDVEKSLCVLRVLNDYMELKGNELC
GERGANEFNMTLVNYMDPDHVTIPLVTEPYYAMGTSAVHWHSDQSVRDDCSIGVYSSTVG
ESNESEPWSIGLKIAWDVTTSAVKVPLLNGSCYFLLNDMNTTHQHTVIVGDNARFSSTHR
VVVLDGNTLEYISGRCRQAEMIAKRLNGEGSVCCQDKLEECLDVQREVEFEWIRQFWSLG
RLNAERHAGFWLREIERIEQTWERVESAVKTLYDNLLERGDTKSYEDKQSQSRSVAGTMC
CAKITLQHLERRADERQOWTKRYNSSVLRYLADNDQPIKRPSFPCRHPHEFSYDQTEAMDA

LKSTILNKP*

16. ARSK

We identified likely orthologs of ARSK in homoscleromorph sponges, with the best hit of
human ARSK to our sponge sequence database scoring 554 bits, and the best hit to bacteria

scoring 371 bits.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>P_jan|DN5128_c0O_gl_id.pl



MLLTIALQFSILCFLKERNALPIGNGTQQKPNIVEVICDSMDGRLVGNKDNVVKLPALDG
MTKNGVVEFRNTYSNNPICCPSRSALWSGLHTHVTRSWNNHKGLPQEYPTWAVKLQEAGYT
TEIMGKTDYTSGHHTVSNRVEAWTRAVNEFTLRQEGRPTPLLVGNSSTKRVSRDWREFADKA
VEWLKETGAKLEGPFLLYVGINLPHPYSTPEEGENAGGSTFKTSPYWLDFVDKSKVTIPQ
WIPMDEMHPVDFYDSKVKNCTSNETRDEIFNVRQYYYAMCAETDAMLGQIMDGLREIGKD
KNSYVFFSSDHGEMAMEHRQFYKMTMYEASSHVPLVVTGPGVPNHQIDDVAQLIDLFPTFEF
MDIAGAVHPPGLNGTSLMPFLQPHVYGNKLEERPDYVLSQYHGCNVNISSFMLRTGKYKY
VAYGNGPSQIQPHLFDLSQDPDELHDLGGVKKDIVEQMDERLRSLIDYPSVAREVDAYNR
ASFQEWRDNLGEQYEHTVANLRWWMDWQKDPEGNQAYIDQWLKQSSGNLD *
>0_car|m.42407
MVLLSAVLPLGLFLCSAAVPSREKQGKNILFVICDSMDGRLIGKDVVHLPNLEKVAQQGI
VFENAYTNNPICCPSRSALWSGLHTHITQSWNNYKGLEKGYPTWAVKLADAGYETEIIGK
ODYTSGSHSVSNRVEAWTRAVNFTLROQEGRPTPKLVGNSSTIRVSADWHLVDKAKEWIMK
TASNITDKPFLLYVGINLPHPSGTPAEGENFGESTFPTSPYWLKYVQSNSVRIPKWLP LN
KFHPVDFYESAAKNCTSDFSQEEIFATIRQHYYAMCAETDAMEFGAIVDALKESGHGNDTYI
FFASDHGEMAMEHRQFYKMSMYEASSHVPLVVSGPGVPAATQSKNVTQLIDIFPTFMDIA
GIEHPKGLNGSSLMAFLKPGFGSGYRDRPDYILSQYHGCNMNMSAFMLRKGQYKYVAYGN
GPEQVRPHLEFDLAADPDELNDLSLONLEVVKEMDVALRSLVDYPSVSKQVDQYNRKSEFKA
WRESLGDKYDDTIANLRWWMDWQKDPEGNQKKVDSWLNS *

17. Polyketide Synthase-like, also called PKS

Searching the NCBI NR protein database with the v30045764m gene model of Simakov et al.
yielded deuterostome best hits, immediately followed by a hit to Lingula anatina
(XP_013403201.1), with no intervening bacterial sequences. This Lingula sequence recovers
deuterostome sequences as best hits when searched against NR. (The N-terminal region of the
Simakov et al. Saccoglossus sequence is not included in NR gene models preventing recovery of
what would otherwise be one of the best deuterostome matches).

Our assessment: present in Urbilateria, because present in deuterostomes and protostomes.

>XP_013403201.1 compactin diketide synthase mokB [Lingula anatina]
XP_013403202.1 compactin diketide synthase mokB [Lingula anatina]
MPQRRKKEPCOQMPTWLPENKKVAIVGIGCRFPGEINNVKDFWEVLLKGIDCTRPLPDDRF
DVNHEFYHPTPKTPGKLYVRGGGYLEQDLLSFDRLFFKMPPDEANHMDPQVRLLLEVVWEA
FEDGGIPARSIRGTNCGVYMGVTASEYTTLTSARSDAISQYSNSGTNSCMVSNRISYEFD
LHGPSLSIDTACSSSLYAVHLASEAIRNGDCDMAVAGGVNVIMMPEITIGFCQAGMLAPD
GRSKSFDSSADGYCRSEGAGVIILKSLNKAVEDGDRIYAVIRGGALSNDGRTPGIANPSY
SAQVNLVYRACRHAMINPQDIQYVEAHGTGTQVGDATEANALGKTIGQIKDAKTPLYIGS
VKSNIGHCEGSSGIAGVIKVALMIHNELIPPVVHFKLGNPKIKFKELNIKVPKELIIWPY
VEEMPLIAGCSSFGFGGANAHVILEAPPSTNDLLLPEHESGPQIKVVLISAATTTALSSR
VDDFIELFRKIQDQEPERFYDVAATTCLRSHHHQHRLGVLGRDASEILHSLETFKTQKVA
AGFVSGEAVDSNTQTPLVEFVEFNGMGTQWWGMGRQLVHQEPTFAKTIQNFDTCLKRCGAKW
SMOWLLMNNQDEDLINQTEYAQPAICAVQIGLVEVLRKFGVRPDAVVGHSVGEVAAAYAS
GMLSFDSAVLIIYNRGKLLKKTSGSGKMLAVLHNTDAAQAKLNESKHSVYIDVAAINSPS
QVVFSGSASSVDALAEMENQEGIRAVQLKVNNAFHSYQQEPLKEKFLQKMKPLAKQEVVN
AVQVPMISTVINNYNHYADVNDGMYWWKNVRQOVKEFQSAVDTLLDEGYSIFVEIGAHPAL
RGPIKDIIGARADKPVKVVVLETLKRPTASSPILEDLKNVVKTLTSLHCEGYPVQYEAME
PSAYKVMHLPLYPWERITCSGITDFVRREYLFPVHSHPLLGEMQEDVSMHNNDPPFQFHW
KSKISRINTPWVSHHITIQGSVILPGTAYIETALEAVNAVRQKRETITLEDVELKRFLEFPK
NGEATIHTIFQENDPTTNIKICSGDQSDYIEHVSCKVVALEEDEFKTQEVDIVREAFTLP
QGKLEHIQDSLELHYSSEEFYSNLAVGEIQLGSAFRAIQQASFNKSFTKCLIHTEAPDET



WKEFMLYNFHPAFLDCMMQSFAVLHLLRTNSPAFPSSLKRETYYSKKTPKRVAVYIKMLS
ATDEDONEVLAIDADSGIVCCRIDNLSFQSLEGEHSKDPMKVWS IFWVEAALPKONEKKG
EASPVFYLTSDNKEDLTVLQSSLKKLHRVVKILDLODERKLNVDDIVLILISQONESHISG
PTITTKEDVWKLIKSSSSFARDVILGILNLGDVLPKLWIITVKGEFQVSEGDQVSPFTAST
FAVGLSTLHEYPSARVYMVDISSLSDISTPETELMNLLCFPPFGENEFALRPKTAHSLQL
FVRRTKFQSPLTRRHPIVSHQFRLHONKAKQIKYVYEGDTITDVQPDNSFRISIEHE IAD
GYFDDDPHFICTGHVIQSKGSEANLODGQTVIAVFKGCLKSETLIPQENVMPLGNFETSH
AALLSLVNDATIASVIMVYSAKSVREDDRVLVCTCEESRKGLVTAQILKTLGCNVTILSYQ
CNNDCPDHEKLPCGQRISNFMEDEEVLOQEDALONIGKEFNAVVATGQYLINKKGYFQCLDC
LCDFGVEVVFTQTPLKLRNENGIRENVOQFLPISAGVKQLLKTPQYLAETLKEFVDALSNKL
CHLPTIGHALPASKIENKYLQECMGRVIHLDRPSMGMVSTEFSEDTYKPNPEMTQCITGGA
KGMGLKIVRWLIRRGSKHVVILTRSNPTTANQSVLDQLGKNADIKLYICDVSDASAVDVV
FSEIVETQPPVENIFHCATVYLDNWMTNMSEKDWEAVMLPKAYGAVLLHQISLKYVLPLA
NEVMMSSLVALIGNAGQSNYATANSVLVSLVEMRRSMGLPATAVSEGVISEAGFAADNNL
VSVWQEKGIGHISPSQTTAVLGTMLELQYSHLGVTGHFDEAVYARKHRSF ITKGAVEGDV
TLSRLODLEFSKKTLOELAVGKYSRSHQTESSTIKEKLENYLSQTLGIVDISEDTSPVEMGL
DSLMATELRAFIDNEFNVSIPPVDLLNSSTTVAQLVSTICKQLHSKGDNASTEVVKGSDQ
SKEAKTSFFITEKILENPKFQLFCEFPPSGGGLTSENGWOKYFSKFHTQVYVAQLPGWEGR
RLEKPMKNMSEVIGILAREMRPLLKHGKFAFYGHSFGALLSFELAHFLNEQGVLPAHLEM
GAWIAPQIPYKETPTFRNKILDGNMDNVNEVKEAQQLTFLDGKIINNPMILRQFVPVLRA
THEMSKNYEYAPSAKLPCPLKIYGGKNDAFVAREKLTAWEDIRHKDE SEFGIKMENSGHLFEF
LHDIHIRALLTKDIAKTLHEV

18. NHLRC3 (NHL-containing protein ENSG00000188811 of Simakov et al.)

We identified likely orthologs of NHLRC3 in homoscleromorph sponges, with the best hit of
human NHLRC3 to our sponge sequence database scoring 243 bits, and the best hit to bacteria
scoring 151 bits.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>C_can|DN59787_c0O_gl_1il.pl
MLSMHARRVVCTAALLCLLTQFERSASRILLKYKLDATWPLEPSKFVASAQDFCTAVDDV
SQEVYVGLRGPGIPLSGPVLVEFGEDGTYHRSWGHNVVDMIHGMRLORLANGTARIWVTDL
GNGAMGHTVKMEF STDGDLLETIGTPGKAGVSLNPIQFDQVADIAIDQSDSLYIVDGDGGM
NNRLVKLDANRNLAWSVGVRGSKPSQFYIPHSVEFDPNLGMVWVADRGNNRTQAEFNASDG
SEFITEWTCMRPKSPCHIRLDPSGHNFIMLDLLYANTIFVIPAPKDVQSVNSCHVVRQTAMY
PNNTKPHAFSISKTTWALYIGEVGANVTQKYVPYSGLSRDKHSAMFTTVTIVFEPFLLCLL
FVALLLWVVRRRLRSGGKPHNQRVGLIGETIWHK*
>P_jan|DN7480_cl_gl_i3.pl
RMAERARAVLLVSFLSVSWSFHLPRNPLSAFEYKLDATWPSATTQFVRSAQDFCTAVDDI
RHEVYVGLRGPGIPESGPVLVFGEDGTYRRSWGHRLVDMIHGIRLORLVNGSLRVWVTDL
GNGPLGHTVKMEF SSDGVLLETIGTAGEPGTSLKPIQFDQVADVAIGONNSLYIVDGDGGM
NNRLIKLDANRKVMWSVGSRGMKPSQFNIPHSVELDPRLDVVWVADRMNNRTQAEFNTTDG
RELAEWTCMRPLSPYHIRLDPSGHYYIMILDLASARLLVLTAPDDIKALNICRVVSETVMH
PNNTKPHAFSVSRSTGALF IGEVGANVTQKYIPCNTSNRHQAHHPDRHEMSEVCTTVEEP
FMLFLVFAVVLTWILQRRMRSGGRAHYHRVQMKDGSSWHK*

19. Choline monoxygenase-like (also called CMO)



Sequence searches initiated with the Saccoglossus protein (XP_002738379.1, see below)
retrieved strong matches to deuterostomes and the protostome Phoronis australis (349 bits). The
best hit to bacteria scores 351 bits, but the Phoronis sequence searched against the entire NR
database of the NCBI retrieves animal sequences as best matches.

Our assessment: present in Urbliateria, because present in protostomes and deuterostomes.

Example sequences:

>S5Sk 1291236901 ref|XP_002738379.1| PREDICTED: choline monooxygenase,
chloroplastic—-like [Saccoglossus kowalevskii]
MPSRRLAVLKRATSSSSNLRTGDTNDPSFDLRREVAKFDANIPVEAATTPPSTWE TRPEF
HQLEVHTVFHDAWMFAGRVDQITKPGKFFTGTIGKEPYIVLRDENNELKAFYNVCRHHAM
QIVNDTEGTVKDLQCPYHGWTYALSGRLKKATRLRGIKNF SARNFGLIPMMVKAWGPLIF
IRPNKISEEKDNFFEDLESLKNRLDGIGFSSGMKEFMKRITYTLNCNWKVEFVDNYLDGGYH
VSTAHKDLSVALDASSYRTAVHEWHSIQSVSAVGSEERVCGDAIYAHIFPNLMINRYGPW
IDTNVALPLTHNTCMIVEDYFLEEDYIQQKSEEDLONILDTSFTASDKVQQEDIFLCEGV
QRGLESSAYDLGRYAPGVEFADHMFHVKLAELFRRHLKIP

>Pa|g2550.t1
MNRLLSAGLLRSLTTRESVFQAENDVQRIRWIPFSTSMNGMNTAQRHEWIATVKGEVNRF
DPSVPIESAITPPASWYINPSFLELEMETVFRNNWIAVGHVGQVARKGQFITGTIGKEPY
IVTRDONDDLQAFEFNVCRHHASVILEEECGEASQFVCRYHGWTYALDGRLAKAKRLKNIR
DFKPRDYGLKKIAVQTFGPVIFLKLNEKVDVNLSSELEELKASLDEAGSENSLRWVKRAE
FDLDCNWKVLVDNFLDGGYHIEECHPKLDSILVSNSYKTTCSGLFSIQSSMGTGERHGNN
ATIYAHIYPNCMINRYGDWMDTNYIFPVGQEKCRVVYDWFLSERVFSELSEEEVEEKIKSD
LENSCLVQIEDNEICARVQKGLYSRSYQYGRYAPLVEMAQHEFHRKLYSDYGLELD

20. Ectoine synthase

Sequence searches initiated with the Saccoglossus protein NP_001171779.1, L-ectoine synthase-
like retrieved strong matches to anthozoan proteins with a best score of 142 bits, while the best
hit in bacteria scored 124 bits. Searching the NR NCBI database with the Exaiptasia hit (below)
showed best matches to Saccoglossus and other deuterostome proteins.

Our assessment: present in Urbilateria, because present in deuterostomes and non-bilaterian
animals.

Example sequences:

>S5Sk 1296434217 ref|NP_001171779.1| L-ectoine synthase-like [Saccoglossus
kowalevskii]
MIVCHSEDVAVATLPNIEMKGKLLTDVEDGMGFSAYQVVAEEGETLKLRSSDSGDLDHIY
YCISGTGDVKASNGCHYKLKPDCVVAFSSSVSAELIVETRIRLYVLYCDDINPSSERSVV
KSLDEIVGTERDVDFKRGHSRRFLLKVDGFAITITSTAVMEFTGDDPTKLEYRNHAESAYY
ISGKVSYSWNEGANKIEARITPDDGTVYNMNAHDKHMVSVHEDCIALCVFYPALRGNENH
TYDGGYSCYDA

>Ep|XP_020909527.1 uncharacterized protein LOC110247442 [Exaiptasia pallidal



MKSRILSELPDEQLGQTTLSGKILTFLEDNVGFFEAQFLLEKDQSHDLTPVYQDHNHIYY
CINGKASVKIDQGDNQFTLTDNTLLALSPSTKASITALASTRLVVVSVPGLPNQOPXPYF
LSLEKISGTDRDVNFGAGQSRRFLKQSDGENISVHNTVPXLKTKVNLEYKNHFEANLLCK
GRVQYWWNNETETAVFDEKDSVTGDGIMILLDKHDNHHNEVLQEDSHSICVFYPPLKGDE
KHNEFSGSGSSY

>Pd|XP_027037521.1 wuncharacterized protein LOC113665976 [Pocillopora
damicornis]
MKVRVADDLPIVPLGSSEIQGKILVSLEDGVGCAMYEFYAQAGDEVTLIAFHRNHNHIYY
CVEGRCVIHDGATKQLPFTADHLLALTTDKNVHIRIQEPMRIVAVSVPHDTSVSPPPLLM
KSLDEVTDSDRNVPFEDGLSRREFLAAPDGYNISVHNTFCSSSEFSKHLQYLNNKELVYVIK
GQGEYVWENGQCRHDFDSEKHHGTMFLVGNNAHKMTIGARDTIAICLFYPPLMGNERLKT
GKEGGSSY

21. Ectoine Hydroxylase

Searching the NCBI NR database with Saccoglossus ectoine hydroxylase yields hits to 3
Saccoglossus sequences and 1 from Branchiostoma. Phylogenetic analysis of top 500 hits
suggests these animal sequences form a single clade.

Our assessment: deuterostome specific

Example sequences:

>APU50791.1 ectoine hydroxylase-like protein 165 [Saccoglossus kowalevskii]
MYSRIQRIARFPRLVPAIKLSHRVTSQVNTGRLYCSATKDLYPTRENECKVLPRLDPVVW
NNPDGKFDGPLSSAELQEYEKNGYLILKDLESPEEMEPVIRECKAVQKSIECNQYDIKTG
EEAKTIAMELNSTKLRSYVYAHEDIESVKKLSRNAKLVNRARQILADEVYILQSRVNYHQA
YVGQGISWHHDEFDVFHADDGIPRMRALTFAVMLDKNTPETGATMLVPGSHRNEFLTSLGPT
PDNSWVLSITSKSYAGIIEQHMLTPVIESHGIEHATGDVGTVYLEDINTIHCNNVNVSPFE
NRVNVEFLLYNSIKNKATKPFSAPHPRRPEFIATKDNAVPIVPE

22. Histidine methyltransferase (HMT), bacterial-like, also called methyltransferase

Searches initiated with the Pfam Methyltransf 33 HMM, scoring above the gathering threshold
cutoffs (‘--cut_ga’), retrieved hits to deuterostome species and sequences from the protostome
Crassostrea gigas. Simakov et al. also report the presence of C. gigas hits, and their argument
for this gene being deuterostome specific rests on the oyster sequences being contamination.
Using current sequence databases, similar sequences are also present in other bivalve molluscs.

Our assessment: present in Urbilateria, because present in protostomes and deuterostomes.

Example sequences:

>S5Sk 1585695626 ref|XP_006822057.1| PREDICTED: uncharacterized protein
LOC102808773 [Saccoglossus kowalevskii]
MEKKIKEGLLSTPKYVPHWYLYDTQGSKLFEKNAMENPLYHIYRTEKTMLEQYSDLIISD
LGDDIVLCELGAGSLTKTTHIISALLNKNKDLTYIPIDIAGDFMLONATVLQEQFDSVLV
EPFVGDYNDGLTYLRSIRKGKLLIFLGNSLSNIPLNKMENFLSRVLETMGEKDRFLIGID
LTQDKDKILAMHSDPKMGISEFNENLLNRLNREFNANFKKENFQLHCNYVIRDDMCGTVKH
AQYIQKALKSTCEHVVHLDTLGLTIHFKEGELLYRHELVNGSLKWSWNQFEDTMKRNGLY
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>XP_034301350.1 N-methyltransferase dtpB isoform X2 [Crassostrea gigas]
MDVKELLVKGLCSTPKYIDMSCRYDKQGSIYDDQCQODIEDFYHYKAEEATMRCNAKDAAL
QLKTPLRLEFDLGCGSTTKSQYLINELLANKVNVEYTPIDVSKDFLQHACETLKNIYGNRL
KVDPIAGDFMNVIPQIGKYRGRKVLLWLSGLQCFPLDTQHQLLSKISESMEGDDSLLMTA
DITODKAVIEKAYLDFDDSKPFAKLYTNGVHVANRELGGNIDLSQFILEGRHVEDKDVSR
ASYNQVWLRSLCNQSYYLEEVGKNVTFEEGEKLHLYSGNGISHKYTIPQLENALASVKLR
VLKKWDNGNSVLLLSTRENEL

23. Aromatic amino acid decarboxylase family, microbial-like; AAADC

Searches initiated with Saccoglossus tyrosine decarboxylase (XP_002731852.2) revealed hits to
other metazoan and bacterial proteins. A tree reconstructed from these hits focussing on the
Pyridoxoc_deC Pfam region revealed a small clade derived from Saccoglossus and
Branchiostoma, nested within a bacterial clade, to the exclusion of other metazoan genes.

Our assessment: deuterostome specific, because shared by Saccoglossus and Branchiostoma
nested within bacterial clade.

>XP_002731852.2 PREDICTED: probable tyrosine decarboxylase 2-1like
[Saccoglossus kowalevskii]
MSLVTEDLLQLFEENIERCGLVNSHGGHMAYVNSGGVEFPSALGDYLAAVVSPYSAVEFHAS
PGSVCLENMVINWIGRTFGFPEGFAGNLTSGGSASTILALATARDSKNVKAVDESRCVVY
MTQTAHYCVEKALNTIGMREAVRRTVPTDTSTYKMNAEELKIMIEKDKNNGLIPFLVYAT
AGTTDLGSIDPLNEIASTIARQHSIWMHVDACYGGEFFIMSNEAKPRFRGIERCDSLAVDPH
KSLFIPYGCGCVIVRQGSKLKYSNALNRPAFYLEDFFKDEREDEPSPCHLSFELSRHFRG
VRVWMPLKLFGLAPFRDALTEKILLARYFHEQLAERGDFQLGPYPELSVVVEFRYAKAPND
TEKFNEQLLDSLMKDGRVALASTRLRGVYHLRVCILCFRTHLKEVDFLLEMVDKNVETYL
KSVSKKPWESQQLS

24. 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase-like

Blast searches initiated with the Saccoglossus sequence (XP_006818155.1) reveal likely
orthologs in the protostome Lingula anatina and several cnidarian species. With current
sequence databases, the gene no longer appears to satisfy criteria for deuterostome specificity.

Our assessment: present in Urbilateria, because present in deuterostomes, protostomes and non-
bilaterian animals.

Example sequences:

>Sk[585672030 ref|XP_006818155.1| PREDICTED: 5-
methyltetrahydropteroyltriglutamate—-—homocysteine methyltransferase—-like
[Saccoglossus kowalevskii]
MPLTTTVIGSYPKPDYLGIPDWEDGLTSTERYSAIWNRRPHDRRIKGENEFNMLTETSTRN
GAWTAKLPTITGKIELMDGNTWAAEEWRGAQNLTDTPVKEFTIPGPATLIGSTHNAFYDDK
RTLSEDLVKVINYQIRALAKAGCRHIQLDEPVFARFPDTALNYGIEHAERCEFDGIGLEVE
KTVHICCGYPCYLDQODYQKADQEAYFKITIDKLDSAGEFDAISLEDAHRYNDLRLLDRIKK
SKVVLGAVTIANSRVETVEEIRNRLEEVLRHIPASRIMVSPDCGLGFLPPPILKEKLANM
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>La| 919087672 ref|XP_013380915.1| PREDICTED: 5-
methyltetrahydropteroyltriglutamate-—-homocysteine methyltransferase-like
isoform X1 [Lingula anatina]
MAGTQGILTTVIGSYPKPDYLKIPDWFRSSHTGYSSDQYDEYVRRKVRAEESVVEKALAE
CMEEQTALGIDVITDGEIRRENYIYPFCRHLKNFSFEELTFKTYRNGACSGQVPTVIGPL
EPTSADPWCATEWQESQAMTKTPVKYTMPGPMTITIGSTANKEFYQHDKELSEVLVKLVNRE
LLALAAAGCKYIQIDEPVMVRNPEIAMDYGIDHLARCFEGVGPEIEKIVHLCCGYPNCLD
QTDYLKADPSVYMDLAEKLDNAQFDAVSIEDAHCHNNLALLEKFKKTKVIFGVVAIAKSQ
VETVEETKSRVMEALKHIPKERITILAPDCGLAFLPRNILROKLSNMVTAAKSTIV

25. Major Facilitator Transporter algal-like, MFS algal-like

When searching with the major facilitator transporter algal-like from Saccoglossus kowalevskii
(NCBI accession: ALR88600.1 see below), we were not able to detect non-hemichordate hits
within the animals, and indeed only hits to hemichordate sequences are recorded by Simakov et
al. As such, on their terms, this sequence does not qualify for the general classification of a
‘deuterostome specific’, but rather is hemichordate specific, and is uninformative for
deuterostome phylogeny.

Our assessment: hemichordate specific, not deuterostome specific.

Example sequence:

>ALR88600.1 major facilitator transporter algal-like [Saccoglossus
kowalevskii]
MRSNKLSREDIPGDEIDNDQSDEKVPLLSDNVTETTKEKITRVYGALKPFVIISSSYLLY
TITDGAVRMIVLLHAFSLNFTALETAIMFSLYELAGVETNLVAGVAGARWGIKSTLITGL
CLOFVGIGMLEFGWQENWTKSIGIVYVTVAQMFCGISKDLVKLGGKTVTKLVTPEDKQTRL
FKIVSLLTGWKNTLKGVGYFLGSALLMINYYLSLGVMCVLIVCALPWAICGLSKDLGRTR
RENIKLSTIFKKNENVNILSLARFFLEGSRDLWFEVPLPFFLRSDDGIGWERAAVGAYLA
GWIITYGQVQSWSPQLLLKPLROQSPANKWVCALWGFILIVCPVFLGCFLQFSHAIQEHVV
EIMTAAITVGLIMFAVVFAVNSAVHSYLIVKYSEGDKVAMNVGEFYYMANAMGRLTGTLLS
GVLYDYVGAATSTAQGFASCFWVSVGFAVVAACVALFLNDNSGGLQCGPCLNCLNSRSGT
GEGRYEVIDNKDDNEPTQSSAVTHTA

26. Multicopper oxidase (MCO); also called Bilirubin oxidase-like

We find similar sequences to Saccoglossus multicopper oxidase in tunicates, amphioxus, but not
protostomes. We also find proteins with the same domain structure in Monosiga brevicollis and
other choanoflagellates. As choanoflagellates are the sister group of animals, this raises the
possibility of presence in non-bilaterian animals, but we are unable to produce evidence that the
choanoflagellate sequences form a monophyletic clade with the animal sequences.

Our assessment: of uncertain status.

Example sequences:

>ALR88601.1 multicopper oxidase-like [Saccoglossus kowalevskii]



MKTWHIFLALFVNALATHDFQODLROQPTEIISONGALNETFTVDVERYIGQVNYTTRAYYY
HGVGSIPGPTWRVKAGDTITFTLKNALPPGOSTEYEHNTMHSPDTTNMHTHGLHVNPYED
DVFIEVHPEEQHVYTYVLPDNHAPGMHWYHAHHHGATAFQVIGGLAGAIIVDPVDDSIIP
PELSNMDEIVMILQHMKEDSDPGNGCPNSENFVNAFRPYSYLEISDEIGDTLDVNP SLAN
TSLADFYVVNGQYQPRIQMRPGEKKVFRLLHAAGTHTLEIETIPGCNIYRISRDGVYRSEP
TDAVDVIVLIQASRADIIVDCPRPGTFILKSTIDPSRDNIVSSNVLRYFQDPILTIEVSG
DELIMPLPSQLPPLPSYLSDLONVSRODIAGQYRVDEFGQLRGPETCNEFGINGMLERGPDV
YDHIMTLDTIEEWMIKDTGPESHPFHLHVNHFQVISTTYQDDPNQIVFEIGEWRDTLAAR
DVTTIRFRTDTFPGVLVLHCHYLRHEDLGMMQVTYIESSPETDTGDHGTGSIGQEAEPNR
GGIKHSESIELHESDINSSGQFKSSTYVFEFTTVMIVVLSIT

>XP_001746360.1 uncharacterized protein MONBRDRAFT_26023 [Monosiga brevicollis
MX1] >EDQ88747.1 predicted protein [Monosiga brevicollis MX1]
MRQTSLLGLVALLLCGLATGLHSAEDTSTDAAATADRARAMOMLPAKRFSASHPAALPEV
LNSHLRRHAARYGHAVRACEAWSTSDLNAVLAELVOQGLADDGARSLLALYAQRGEPRRL
RLSSLAAYSAAWQQEEELIDRLGAASREAQLLRAGKCYEASMLYIHGASSKVKQGLSTAF
NVPLLPEGPLATLVTDHISAMRLTPTADPATSSPIDSNVLNTVQDQVVCVRCHVTPNATFEF
SPROYDVVVNGSHPLLRSPQVLRSAQGVLNATLDVGVARLSGGPLEFNVRAYNGGTPGPT
LWVQPGDSIHVTLNNHLEAPDACQAGPSGAGPDSNFYRCPNTTNIHLHGLWVTPHDVERG
IGPGGRLTQTYSLTTDHAPGTNWYHPHFHGSVSLQLAMGMAGAVVVDDPPNSLPPALEAL
RSRDHVMLLOSIEYFNYTQODDINCPYEDGLSHCHNMDGAGSLATLRAFSSDALPLNMERR
DPGYGYPIDGVYFLLNGQFQPVVTMQPGEYQRWRLVNGAHQASLSLSVPGCTVWLLSMDG
VYLSSPRLKNTSYPLVLAPGARGDVAVSCAMPGLFELRSNENPDVWNLGAQEGENTGVIA
LVNVSGPNLNMSAPTRLPSRPAYLODLRPASVPAGNTRNVSWDLIRLINNTAGLTDVPIY
GVSQQAFNASNPSRDCINARSGVQEWQLVNPIWICNASVTTCLSTMDRNAASGALLRDYQ
EPVTLSHGFHLHTFKFQVASDSNGGVSADYELGDWRDTVTTPLAGWVRIRWQPQTFEGVI
PWHCHMSVHSDRGMIGASTVASQCPAAPNAVSRARAAAQARARPAMAHLASGNWEPRLGN
FTWNVSTHSPAAQALFNEATMMAFGFARDAASATYLRALQADPTCAMCAWGVAYANGPFL
NHPECSNATCGLGFEYAELAATLAANHSVTAAEAMLIRGMQQRYSQDPKANQTAHFMAYA
QALNATALVHSDPTLAAFAAEAYMLLHCQDDGYHFNFPNGTPVPDLAWVIDLLGSYLEYP
NTNDVLPGPRHPFVSHLYIHAVEPSGAGMGPNAAGRAFGVAQRLSSVLPNVTSLWQHLQH
MPAHIFLRTGYYGLGVAANMIAHASDATWLNHSLVPYGPGHNLIFLIYCACMDGQSSTATI
HYGEVVRQVYQAAPDRPDGPGADLAYNWPATTFVREFGSWDAILAADWETMPRPFPYQQAL
AHYAIGLAQAHTGNVTGARASLONLQRVQATLTGRAATYCRVANWTLGAAVARATGPAGV
PTALSLLSTAVAEQMGWPYDEPPDFHQPIQQCLGQLQLELGNYSAAYDTFQANLAHYPNN
GWALWGLLQAVQHLPYDPSRPSAASITTRLSAAWERADVPLTSACALIHFP

Deuterostome novelties without eukaryotic or prokaryotic homologs

27. FAM198A

We only detected deuterostome hits for searches initiated with human FAM198A.
Our assessment. deuterostome specific.

28. C9orf9 (Rsb66)

We only detected deuterostome hits for searches initiated with human C9orf9.

Our assessment. deuterostome specific.



29. MREG

We only detected deuterostome hits for searches initiated with human MREG.
Our assessment: deuterostome specific.

30. SMIM19

We only detected deuterostome hits for searches initiated with human SMIM19.
Our assessment: deuterostome specific.

31. EFCC1

Database searches initiated with human EFCC1 detected a likely ortholog in the protostome
Priapulus caudatus, with no significant hits to non-animals.

Our assessment: present in Urbilateria, because present in protostomes and deuterostomes.

>XP_014670810.1 PREDICTED: EF-hand and coiled-coil domain-containing protein
1-1ike [Priapulus caudatus]
MEARSVSRRTEWVVSALAHHYGFDQGAPNEIVVLSLGVDQYIQEIFNNLDCAGAGVVSAD
QFRALCDVLAVGSPPSPDDLPTSLDFKQFHARLCEHVLATEGVRDFRPSSARVADDDEEY
VTITSIKLNQATSLRGGGGGERPLAATACITCSMCVRELVNSLLLNKCKMSEFAGAMRRGGG
GAALTAEQGDCAAKIELIWRAIVDSYETLOQRVVAQEEEVEGLRELVEDLRAALQSGDAR
CLAFQVELRRTRQLOROQROQRDPCRRCVCDGGAPAPTIHRSVKTIEIRNGRVHSPDDDDHH
QVAPPLRGDDQQAAPPTLAERYRHYSPRCMERLVREMARVRGNRDVQLQEALYVTEDLQY
EARKRRRAIERLQREADELVALQSRTRDGLREARVYVGDGLERVLELESEARELPLLREK
VROLTKKATSPQERNQCSSSNGRSSPMGQCCSPKCPSPDILDHRAVEGQSGSEDDISTGR
DDVTIPDDVITPADITKIQAEVTSLKRQLADCHFKAEEVNASMREELANKQFECDEVLVE
LOQOSENERARLTITIEHGLRDALHLLNGLKSNLVSRRTLGKMVMDALDRSETMTSADEAVQ
VEVTSLOTIAAGSALLHSSASEDSSPNTTPKRRIPVIREDIISS
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Fig.S1 Support of individual genes in each dataset for the monophyletic Protostomia and
Deuterostomia and alternatives when Xenoturbella is excluded. Triangular plots showing
relative support for the three alternative topologies shown at the corners of the triangles. Genes
in coloured corners show a high preference for the corresponding topology. The numbers of
genes found in the different coloured sectors of the large triangle are shown below. A. Triangle
plot comparing support for monophyletic Protostomia (PM) versus two alternative topologies
with paraphyletic Protostomia (P1, P2). B. Bar plot showing that across five datasets the majority
of genes strongly prefer the monophyletic Protostomia topology. C. Triangle plot comparing
support for monophyletic Deuterostomia (DM) versus two alternative topologies with
paraphyletic Deuterostomia (D1, D2). D. Bar plot showing that across five datasets a minority of

genes strongly prefer the monophyletic Deuterostomia topology over paraphyletic topologies or

the grey areas.
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Fig.S2 Longer genes tend to support monophyletic Protostomia but not monophyletic

Deuterostomia. Box plots showing the distribution of alignment lengths for genes strongly

supporting the three alternative topologies shown (sets of genes selected using the data shown

in Fig. 2). Longer alignments are expected to contain more phylogenetic signal. Asterisks

indicate significance at p < 0.05 using a Welch t-test for equal means. Left: Data from all five

named datasets comparing the lengths of gene alignments supporting monophyletic Protostomia

versus those supporting two alternative topologies with paraphyletic Protostomia. For most

datasets the genes supporting monophyletic Protostomia are significantly longer than the genes

supporting the alternative topologies. Right: Data from all five datasets comparing lengths of

gene alignments supporting monophyletic Deuterostomia versus two alternative topologies with

paraphyletic Deuterostomia. For most datasets the genes supporting monophyletic

Deuterostomia are not significantly longer than the genes supporting the alternative topologies.



Dataset Topology Proportions Alignment Monophyly

Length Score
Cannon PM 61.75% 426.2 0.634
Cannon P2 11.01% 346.8 0.594
Cannon P1 9.08% 324 0.584
Cannon Px 9.99% 245.5 0.577
Laumer PM 65.88% 269.6 0.628
Laumer P2 7.35% 214 0.589
Laumer P1 7.58% 232.4 0.55
Laumer Px 12.56% 195 0.568
Marletaz PM 61.50% 408.7 0.564
Marletaz P2 9.20% 309.3 0.554
Marletaz P1 7.92% 310.8 0.559
Marletaz Px 14.22% 215.3 0.536
Philippe PM 58.65% 323.4 0.626
Philippe P2 9.55% 293.3 0.59
Philippe P1 8.70% 277.7 0.582
Philippe Px 14.32% 2249 0.564
Rouse PM 46.94% 340.3 0.494
Rouse P2 11.46% 339.8 0.474
Rouse P1 10.02% 323.8 0.466
Rouse Px 23.01% 321.1 0.478
Average PM 58.94% 353.64 0.5892
Average P2 9.71% 300.64 0.5602
Average P1 8.66% 293.74 0.5482
Average Px 14.82% 240.36 0.5446

Table S1.Proportions, average alignment length and monophyly scores of genes supporting
the monophyly of Protostomia and its alternatives. PM indicates the cluster of genes that
support the monophyly of Protostomia. P1 indicates the genes that support the protostome
paraphyly where Lophotrochozoa are sister to Deuterostomia, and P2 indicates the genes that
support the protostome paraphyly where Ecdysozoa are sister to Deuterostomia. Px indicates the
cluster of genes that show no preference to any of the three topologies.



Dataset Topology Proportions Alignment Monophyly

Length Score
Cannon DM 28.60% 389 0.621
Cannon D2 22.02% 424.7 0.638
Cannon D1 20.09% 419.5 0.622
Cannon Dx 17.25% 264.3 0.58
Laumer DM 35.07% 286.2 0.603
Laumer D2 14.93% 265.9 0.6
Laumer D1 15.17% 244.7 0.599
Laumer Dx 22.99% 189.8 0.617
Marletaz DM 27.34% 412.3 0.562
Marletaz D2 18.99% 407.3 0.58
Marletaz D1 20.27% 362.6 0.558
Marletaz Dx 20.70% 240.7 0.533
Philippe DM 25.58% 309.1 0.617
Philippe D2 20.55% 324.8 0.615
Philippe D1 23.02% 314.3 0.612
Philippe Dx 21.06% 237 0.577
Rouse DM 26.66% 350.4 0.48
Rouse D2 19.35% 323.6 0.496
Rouse D1 17.32% 362.7 0.496
Rouse Dx 24.28% 297.1 0.484
Average DM 28.65% 349.40 0.5766
Average D2 19.17% 349.26 0.5858
Average D1 19.17% 340.76 0.5774
Average Dx 21.26% 245.78 0.5582

Table S2.Proportions, average alignment length and monophyly scores of genes supporting
the monophyly of Deuterostomia and its alternatives. DM indicates the cluster of genes that
support the monophyly of Deuterostomia. D1 indicates the genes that support the deuterostome
paraphyly where the Xenambulacraria are sister to Protostomia. D2 indicates the genes that
support the deuterostome paraphyly where Chordata are sister to Deuterostomia. Dx indicates the
cluster of genes that show no preference to any of the three topologies.



Genes Genes
Supporting Supporting

Dataset topology 1 topology 2 P-value

Laumer DM(148) D1(64) 0.04945%*
Philippe DM(300) D1(270) 0.6855
Cannon DM(252) D1(177) 0.241
Marletaz DM(321) D1(238) 0.08241
Rouse DM(314) D1(204) 0.3317
Laumer DM(148) D2(63) 0.4596
Philippe DM(300) D2(241) 0.2372
Cannon DM(252) D2(194) 0.1436
Marletaz DM(321) D2(223) 0.8731
Rouse DM(314) D2(228) 0.008017*
Laumer PM(278) P1(32) 0.1285
Philippe PM(688) P1(102) 0.001891*
Cannon PM(544) P1(80) 0.00001572*
Marletaz PM(722) P1(93) 0.00001684*
Rouse PM(553) P1(118) 0.1573
Laumer PM(278) P2(31) 0.004006*
Philippe PM(688) P2(112) 0.02411*
Cannon PM(544) P2(97) 0.0002559*
Marletaz PM(722) P2(108)  0.000005674%*
Rouse PM(553) P2(135) 0.9662

*Statistically significantly different

Table S3. Results of t-test comparing alignment length of genes supporting the monophyly
of either Protostomia or Deuterostomia and the two alternative topologies.

PM stands for Protostomia monophyly, DM for Deuterostomia monophyly, P1 and P2 the two
paraphyletic alternative topologies for Protostomia, and D1 and D2 the two paraphyletic
alternative topologies for Deuterostomia.



True Tree: D1 True Tree: D2 True Tree: DM

Dataset Model D1 DM D2 D2 DM D1 DM other
36-taxa-50K LG+F+G 60 40 - 88 12 - 100 -
36-taxa-50K CB0+LG+F+G 100 - - 100 - - 100 -
35-taxa-50K-noXeno LG+F+G 92 8 - 90 10 - 100 -
35-taxa-50K-noXeno CB0+LG+F+G 100 - - 100 - - 100 -
23-taxa-50K-no-longs LG+F+G 100 - - 100 - - 100 -
23-taxa-50K-no-shorts LG+F+G - 100 - - 100 - 100 -
36-taxa-10K LG+F+G 70 30 - 96 4 - 100 -
36-taxa-10K C60+LG+F+G 86 14 - 100 - - 100 -
23-taxa-10K-no-longs LG+F+G 93 5 2 100 - - 100 -
23-taxa-10K-no-shorts LG+F+G - 100 - - 100 - 100 -

Table S4. Percentage of simulation replicates supporting alternative topologies for the
Deuterostomia clades under three different true tree hypotheses for different datasets and
models. The datasets are based on a reduced version of the Laumer dataset consisting of 36 taxa
covering all major branches of the phylogeny. In the first six rows, the results are based on a
subselection of 50,000 sites and on the final four rows the results are based on a subselection of
10,000 sites. For both the 10,000 and 50,000 site samples we repeated the experiments after
removing the 13 longest protostome and outgroup branches (“no-longs”) and the 13 shortest
protostome and outgroup branches (“no-shorts™). For the 50,000 site dataset we repeated the
analyses after removing Xenoturbella ("noXeno"). The two models used for the inference of the
trees are the LG+F+G and the C60+LG+F+G. The three tree hypotheses assumed for the
simulations differ only with respect to the relationships of the deuterostome clades (DM:
monophyletic deuterostomes, D1: Xenambulacraria are sister to Protostomia, D2: Chordata are
sister to Deuterostomia).
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