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Fig. S1: Spatial and temporal expression of regulatory genes that were not further considered in
this study. (A) Temporal analysis of gene expression levels obtained using Nanostring N-counter
technology for genes expressed at <50 copies per embryo during pre-gastrular development. (B)
WMISH analysis for genes expressed above the threshold level but that are not expressed in the

apical domain in sea urchin embryos at 30hpf.



Figure S2A
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Figure S2B
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Figure S2C
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Figure S2D
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Figure S2E
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Fig. S2. Time course analysis of spatial expression for 31 regulatory genes of the apical GRN
during the patterning of the apical organ and the developmental specification of neural
precursors. Images of WMISH stained embryos are shown on the left and Nanostring analysis on
the right. LV, lateral view, AP, apical view. Quantitative gene expression levels during pre-
gastrular development based on Nanostring analysis are shown on the right.



Figure S3
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Fig. S3. Effect of FoxQ2 perturbation on apical gene expression. Expression levels of
regulatory genes were analysed by Nanostring analysis. Shown are changes in expression levels
in embryos injected with control morpholinos as compared to uninjected control embryos (left)
and embryos injected with foxg2 morpholinos as compared to control morpholinos (right). Data
indicate that several genes of the apical GRN are affected by FoxQ2 perturbation. Red square
indicates genes that are upregulated, blue square indicates genes that are downregulated, grey

square indicates genes that are not affected by the perturbation (<2-fold difference).
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Fig. S4. Orthologs of sea urchin apical transcription factors are expressed throughout the
mouse brain. Expression of mouse orthologs of apical transcription factors in the forebrain,
midbrain, and hindbrain of mice was determined using the mouse Gene Expression Database

(GED). All apical transcription factors are expressed in the mouse forebrain and a majority are
also expressed in the midbrain and hindbrain.



Figure S5
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Fig. S5. Spatial expression of axial transcription factors. Expression of regulatory genes
orthologous to those patterning the anterior/posterior axis in the vertebrate brain are analyzed by
WMISH in sea urchin embryos at 30hpf. DIx is expressed in aboral ectoderm while no

ectodermal expression was observed for hh, pax2/5/8, and pax6.

10



Figure S6
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Fig. S6. Evidence for regulatory interactions in the GRN for the sea urchin apical organ. Effects
of perturbation of transcription factors shown in each row on the expression of regulatory genes

shown in columns. Experiments were performed in this study and in referenced work.
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Gene Names SPU-ID WHL Forward Primer Reverse Primer

Ac-sc SPU_028148 WHL22.128311 | AACATCGTACCAATTTCCATCC TAATACGACTCACTATAGGGAGATTTAGCAGGTCTTCATCTTCAGG
Awh SPU_018954 WHL22.9369 CATAACCATCCCATCAATAAATCC TAATACGACTCACTATAGGGAGATGCACAGCACTCTATTTTCAATC
Brnl/2/4 SPU_016443 WHL22.40221 TTGTTCAGTCTATCCTCGAAAC TAATACGACTCACTATAGGGAGACGTCACATGCTGTTCCTTTGTACC
Dach SPU_018581, SPU_028061 | WHL22.169355 | AACATTCCTCTCTCACTCACACC TAATACGACTCACTATAGGGAGAATAGCAAATCTCCTCTGTTCAGC
Delta SPU_016128 WHL22.423696 | CCCTACGAGTGTGAGAAGAAGG TAATACGACTCACTATAGGGAGATTCATTTGCAGTGTTGGATACG
Dri SPU_005718 WHL22.544150 | AGCACACTTCGAGAAACAACC TAATACGACTCACTATAGGGAGATTTCCTTTGGCAGTCTATCTGG
Ebf3 SPU_004702 WHL22.113329 | GGTGAGAAGGAGAAGGAGAAGG TAATACGACTCACTATAGGGAGAAGCAGAGTAGAGGTCAGCATACG
Egr/z60 SPU_015358 WHL22.280477 TAAGAAGTCCAAGGAATCAATCG TAATACGACTCACTATAGGGAGAGATGTCTGCTGGTGATATGTGG
Emx SPU_002592 WHL22.113468 | AAAGCAGCAGAAGTACCTGTCG TAATACGACTCACTATAGGGATCCAGCATCAACTCGGACT
Fgf9/16/20 SPU_006242 WHL22.343932 | CGGCAGGTTTATCAGACGAT GCGTCTCTGATTGTTGCTGA

FGFR1 SPU_007579 WHL22.472570 | TGCAAACGAGAAGAGAACAGG TAATACGACTCACTATAGGGAGACTTGTTGATGGAGAGGAAGAGG
FoxG SPU_009771 WHL22.389872 | GGTGAGAAGGAGAAGGAGAAGG TAATACGACTCACTATAGGGAGAAGCAGAGTAGAGGTCAGCATACG
FoxJ1 SPU_027969 WHL22.468365 | CAAGCAGACCATGCCAAAGAA GGGACGCAGGCTTGTAGCT

FoxK SPU_025010 WHL22.490768 | GTATCTTGAGGTTTCCCAGCACAAG TAATACGACTCACTATAGGGAGATTTGGTGGTAAAGCCAGAGTA
FoxM SPU_025590, SPU_025738 | WHL22.548104 | A TCTGCTTCAAAGAAAGGCTCTG GAATGTCCCACTCGGTTATTAGG

FoxN1/4 SPU_002320 WHL22.604594 CTCCTATCCTTTCCCTGAATACC TAATACGACTCACTATAGGGAGATGAAACTGAAGGCTGTGAAGG
Foxq2 SPU_012384 CAACCGCCTCTAATTCCAAC AACTGATAGTCTCAATGAAGAGTGC

Fra2 SPU_021172 WHL22.538597 | TGTTGACTACTATGGCGTCTGG TAATACGACTCACTATAGGGAGACGAAGTTGAAGAGTCGAGTGG
Gbx SPU_025491, SPU_025492 | WHL22.737659 CCTTACCAGAGTCAACAAAAAGC TAATACGACTCACTATAGGGAGAGGCCACAATAGTTAGCATTCG
Hairy2/4 SPU_006814 WHL22.446908 | CAAAATGCCTGTGGATACTAAACC TAATACGACTCACTATAGGGAGAGTAGACTGGAATGAAATGACTTGG
Hbn SPU_023177 WHL22.523959 | TCATTACTTCGTTGGAGTTACCC CATGAAAACGTCTGGATACTGG

HesC SPU_021608 WHL22.235339 | AGGACTGCCAAGCACCTTACA TAATACGACTCACTATAGGGAGAAGGTGCTATTGTTAAGCACTC
HIf SPU_004414 WHL22.306206 | GAAGACGACCGGATTCTCTACTT TTGACAAGAGTCAGAAA TGAACG

Hmx SPU_012490 WHL22.152875 | ACAGTAGCCGTGAACTATCAGGA TAATACGACTCACTATAGGGAGAGCTGATGATGTAGACGATGTTGA
Hnf6/onecut SPU_016449 WHL22.288683 | CGCTAGAGAAGGCCATGAAC ACTCTCCCACTCTGCCTTGA

Hox7 SPU_002634, SPU_005170 | WHL22.630154 | TCGGGGCTGTTCAGAGGAG TGAAGGAGACCAGCGAA TAGAG

1a1/2176 SPU_027472 WHL22.769122 | ACCCTACAAGTGCAACTGAAACA ATGGGCAAGTTGTGCAGTAATAA

IrxA SPU_010351 WHL22.651130 CCACAAGTT A TTGTTGTTGCTGA AAAGTCTCTCAGTCA TGGAGTCG

Isl SPU_023730, SPU_023731 | WHL22.143854 | CTCACTGTGCGTGCTAAACG CCTCAGGCCACA T AACTGCT

KIf13/2188 SPU_023727 WHL22.198668 | TCTGTTGCAGGTTGGAGAATT TAATACGACTCACTATAGGGAGACGTTGTCACCGACTCACTTTT
Kif2/4 SPU_020311 WHL22.483798 | GCAGCCTTTTTAGGAGAAACC TAATACGACTCACTATAGGGAGATGAGATGAGATGACTTGGTGTAGG
Limc1/Lhx2 SPU_004021, SPU_021313 | WHL22.91758 CCTTAACAGCAGCATGAGTAGC TAATACGACTCACTATAGGGAGATGCAGAACTCTCTTGGTCAGC
Msx SPU_022049 WHL22.119881 | TAAGTCATTCCATCCAAAGCAAC TAATACGACTCACTATAGGGAGAGTCTTGGTCATCTTCAAAAGCTC
Nfat SPU_015908 WHL22.538507 | AATGTA TCA TTGCA TACGTGGTG GCTCTTTGTTTACAA TGGAGTGC

Nk2-2 SPU_000756 WHL22.739246 | TCTTTTCTTCTCCTGGTTTCCAC TAATACGACTCACTATAGGGAGACTGACATACACGCTGATGCTG
Nkx2.1 SPU_000757 WHL22.739581 TCGAGCTAGGGAGCTTCTGACTGTA TAATACGACTCACTATAGGGAGACTTCACGGAATCTTTGTTCATTATG
Nkx3-2 SPU_013047 WHL22.329059 | ACCTGTAGTCAA TCGTCACTCGT GCTCTCTCA TTTCCCTCCA TACT

Not SPU_002129 WHL22.632281 | AA TCCTTGGAAGACAGCACTTG TAATACGACTCACTATAGGGAGACTGAACGTACTGGTTGTCGTG
Otx1+3 SPU_010424 WHL22.532435 | AACAGCAGCAACAGCAACAG AGAGCTGCGTTCAAGGTCA T

Ptfla SPU_002677 WHL22.476207 | AGCTAACCTGAGAGAGAGGAAGC TAATACGACTCACTATAGGGAGAGTGATGAATAGGGGTGAGTTGC
Rfx2/3 SPU_007611, SPU_012171 | WHL22.19679 AGCCAGTCTCCTTTT ACTCCA TC CA TCTGA TTGA TCTGTGACGTGT

Riz SPU_027147 WHL22.63053 TGGAGTTCAGACAGTCACAGA TG GATTCACTTTGGGCACATTTAAC

Rx SPU_014289 WHL22.523971 | AAGAGCAACGGTGGAATAAAAAC GCTGATTATACGTTCAGGCAAGA

Shr2 SPU_008117 WHL22.302620 AAAGCGAAGACAGTGAGGGAGAAG TAATACGACTCACTATAGGGAGAGTGCTTGCGTATGCTGCGTTT
Six3 SPU_018908 WHL22.121654 | CTCATAGACACACCCCAGCA AGGA TGGTGGGA TCTTTCTTC

SmadIP SPU_022242 WHL22.553144 | GATGATGGGGTAGATGACTTGG TAATACGACTCACTATAGGGAGATCACTTGCAGGACTTGTTAAAGG
SoxB1 SPU_022820 WHL22.104606 | AGCATTCTCCATCGAGAGACTTG TAATACGACTCACTATAGGGAGATTAGTACGATGGTTTCTTCTG
SoxB2 SPU_025113 WHL22.104525 GCACGAAATACAGCATAACTT TAATACGACTCACTATAGGGAGAAAAATCGTTGACAAATTTAGC
SoxC SPU_002603 WHL22.622787 | GAAGAAATTGGCCTAGAGATATGG TAATACGACTCACTATAGGGAGAACTGAGAAGGAACAAGTGGAACC
Z133(fez) SPU_019089, SPU_027491 | WHL22.580602 | CAACACCGCTACGCATATTG TTATCCGACGTCTTGTCGTG

7142 SPU_022841 WHL22.538539 GCGACTATGAGACAACATACAACC TAATACGACTCACTATAGGGAGATCTGTACCTCACTCTGCTCTTCC
Z166/rxr SPU_012645, SPU_028422 WHL22.717588 ATTCCCGCATCCCTTTATTC CACACAATGGTGATGCAATTT

Ziclzic2(z244)

SPU_028583, SPU_030070

WHL22.331651

CAA TCGCGTTTCAGTTGACT AC

ACGT ACCA TTCACTCAAGTTCGT

Table S1. Gene IDs and sequences of primers used for generation of in situ probes.
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Sea Urchin Ay Mouse (forebrainimidbrain/hindbrain) Xenopus (forebrain/midbrain/hindbrain) Danio rerio (forebrainimidbrainthindbrain)
Gene name  SPU accession number Panther EGGNOG Panther EGGNOG Panther EGGNOG
1 acsse SPU_028148 Asclt (LDO) Ascit, Asci2 Asciz (LDO) Asci2 Ascita (LDO) Ascita
2 awh SPU_018954 Lxs (LDO) Lhxs, Lhxe Lhxs (LDO) Lnxs Lhxsa (LDO) LoC790481, Lhxéa
3bmi24  SPU_016443 Poust2 (LDO) Fousts Pousit, Pousts,  leousrz (Loo) Pousts, Pousfs, Pou3tz, Pousft PoUSF2 (LDO) Poust1, Pousf2b, Pousfab, Pou3f3a, Pousf2a
4 delta SPU_016128 il (LDO) Dil4, DIl no ortholog Dilt, Dil4, Dic: bid (LoO) Did, Dic, Dil4, Db, Dla
5 SPU_005718 Arid3b (LDO) Aridsa, Aridc, Aridsb Arid3b (LDO) Arid3a (neural plate), Arid3b |Arid3b (LDO) 7955, ENSDARP00000126106, ARID3A, Arid3b, ARIDIC
6ebi3 SPU_004702 Ebf3 (LDO) Enf3, Ebf2, Ebf1, Ebfd Ebf3 (LDO) [EBF1, 8364 ENSXETP00000027876, Ebf3, Ebf2  [Ebf3a (LDO) oo o777 Ebf3, coe2, 7935 ENSDARPO0000T14465,
8 foxG SPU_000771 Foxg1 (LDO) (Gma3s17, Foxg1 no ortholog no ortholog Foxgta (LDO) Foxgta, Foxgtd
9 foxjt SPU_027969 no ortholog Foxjt Foxjt.2 (LDO) Foxj1.2 (neural plate), Fox1 o ortholog Foxita, Foxjib
10 foxg2 SPU_012384 no ortholog no ortholog Foxa2 (LDO) Foxa2
11 hbn SPU_023177 n.a. no ortholog na. no ortholog n.a. no ortholog
12 hir SPU_004414 Hif(LDO) Hir Hif(LDO) Hir Hifa (LDO) Hifo, Hifa
13 onecut SPU_016449 Onecutz (LDO) Onecutt, Onecuts,Onecut2  [onecut2 (LDO) (Onecuts, Onecutt, Onecutz Onecutz (LDO) (Onecutt, Onecut3a, Onecutz, Onecut3b
14 insm sPU_027472 insm1 (LDO) insm2, Insm1 insm1 (LDO) insm2 insmib (LDO) Insm1b, Insm2, Insm1a
15 s P — 19 215352 KB CHAKIATLSPLIHONK |1 ok sotkirtokis [k o 53115 anEBb KBTI I, g1
16 Ihx2/9 SPU_004021, SPU_021313 |Lhx9 (LDO) Lhxo, Lhxz Lhxo (LDO) Lhxo, Lhxz Lhxo (LDO) Lhxzb, Lhx2a, Lhxo
17 nioc2.1 SPU_000757 Nkox2-5,Niox2-6,Nkox2-3,Nio2-4,Nkox2-1 Niox2-4, Niocz-1 INKX2-5 (LDO) Niox2-1, Nkoxz-4 INKX25 (LDO) 2gc:171531, Nkx2.1a, Nkx2. 1
18 -2 SPU_013047 Nicxs-2 (LDO) Niocs-2 Nicxs-2 (LDO) Niocs-2 Nkx3-2 (LDO) Nix3.2
19 not SPU_002129 no ortholog Noto Not (LDO) no ortholog Noto (LDO) Fin
20 otx SPU_010424 crx (LDO) (crx, Otx2, Otxt otxs (LDO) Otxt, Cr, Mixer, Otz o5 (LDO) 015, Otx1b, Otx2, Otxta, Crx
21 SPU_014289 no ortholog Rax no ortholog [Rax2(W0), Rax no ortholog Rxt, Rx2, Rx3
22 six3 SPU_018908 six6 (LDO) six6, Six3 six6 (LDO) six6, Six3 Six6b (LDO) sixsb, Six3b, Six6a, Sixda
23smadp  SPU_022242 zen2 (L0O) zeb1, zob2 zen2 (L0O) zeb2, zebt Zeb2b (LDO) zeb1a, Zeb1h, Zeb2b, Zeb2a
24 soxb1 SPU_022820 sox2 (LDO) sox2 sox2 (LDO) sox2 Sox2 (LDO) sox2
25 soxb2 SPU_025113 sox21 (LDO) sox21 sox21 (LDO) sox21 Sox21b (LDO) sox21a, Sox21b
26 s0xC SPU_002603 Sox4 (LDO) [soxa. Sox11 (LDO) Sox12 Soxdb (LDO) 7955 ENSDARP00000126100, Soxdb, Soxda
27 2133z SPU_019089, SPU_027491 [n.a. Fez2, Fezft na. Fez2, Fezft na. Foztt, Fz2
28 2166 SPU_012645 znfras i1, Gfith XP_002944155 (zbtbd6) ofi1, Gfitb (WO) o ortholog Gfitab, Gfitaa, Gfitb
29 zic SPU_028583 zic1 (Loo) zica, zic2, zics, zic1 zic1 (Loo) zica, zic2, zics, zic1 zic1 (LDO) zics, zic4, Zic2b, Zic1, 7955 ENSDARPO0000117357, Zic2a
Sea Urchin Apical Genes Drosophila melanogaster Brain procephalic ectoderm C. elogans (head neurons, head ring ganglion)
Gene name _ SPU accession number Panther EGGNOG ENSEMBL Panther EGGNOG ENSEMBL
1 acsse SPU_028148 i(1)s¢ (LDO) ac, 11)sc Ac.ase,i(1)sc,sc Hin3 (LDO) Hin-14, Hih-3 no ortholog
2 awh SPU_018954 [Awh (LDO) Awh Awh Lim-4 (LDO) Lim-4 Lim4
3bmu2s  SPU_016443 Vi (LDO) Vi Vi no ortholog Ceh-6 Ceh-6
4 detta SPU_016128 no ortholog oI no ortholog Lag-2 o ortholog no ortholog
s SPU_00S718 Retn (LDO) Retn Retn cfi-1 (LDO) cfi1 cri
6 ebrs SPU_004702 kn (LDO) Kn kn unc-3 (LDO) Unc-3 unc-3
810xG SPU_000771 sip2 (LDO) ra198, Sip2, Sipt sipt no ortholog Fih-2, Pes-1 Fin-2
9 foxjt SPU_027969 [CHES-1-like,FoxK cc32006 no ortholog no ortholog o ortholog no ortholog
10 foxg2 SPU_012384 Fatozc (LoO) Fat02c Fatozc Fkn-10 (LDO) Frn-10 Fin-10
11 hbn SPU_023177 na. Hon Hon na. o ortholog air-1
12 hir SPU_004414 Pap1 (LDO) Pap1 Pap1 att8 (LDO) no ortholog no ortholog
13 onecut SPU_016449 Onecut (LDO) Onecut Onecut (Ceh-21 (LDO) ceh-ts coh-ss
14 insm sPU_027472 Nerfin-2 (LDO) Nerfin-1, Nerfin-2 Nerfin-1, Nerfin-2 146 (LDO) Eql-46 Egla6
15 Kif13 SPU_023727 Spps.|(3)neo3s,btd.Sp1 no ortholog no ortholog [sptr-3 o ortholog no ortholog
16 Ihx2/o SPU_004021, SPU_021313 |Ap (LDO) ap no ortholog T3 T no ortholog
17 o1 SPU_000757 scro (LDO) scro scro (Ceh-24 (LDO) ceh-2s (Ceh-24,Ceh-27
18 ni3-2 SPU_013047 Bap (LOO) Bap Bap no ortholog o ortholog no ortholog
19 not SPU_002129 cG18599 (LDO) caiss0 caissn Ceh-67 (LDO) o ortholog no ortholog
20 oix SPU_010424 otd-oc (LDO) ota oc (ota) Ceh-36 (LDO) Coh-36, Coh-37, Tox-t Ttx1
20 SPU_014289 Rx (LDO) Rx no ortholog no ortholog ceh-s ceh-s
2253 SPU_018908 optix (LDO) Optix Optix Ceh-32 (LDO) Coh-32 ceh-32
23smadp  SPU_022242 261 (LDO) 261 21 zag-1 (LDO) zag-1 zag-1
24 soxb1 SPU_022820 [soxN (LDO) no ortholog SoxN sox-2 (LDO) sox2 sox2
25 soxb2 SPU_025113 Sox21b (LDO) Sox21b, Sox21a no ortholog no ortholog o ortholog no ortholog
26 soxC SPU_002603 [Sox14 (LDO) (express in the adult) no ortholog Sox14 sem-2 (LDO) o ortholog sem-2
2721336z SPU_019089, SPU_027491 [n.a. Erm Erm na. Feat.1 Feat.t
26 2166 SPU_012645 sens (LDO) sens, Sens-2 no ortholog Pag-3 (LDO) Pag-3 no ortholog
20 zic SPU_028583 opa (LDO) opa opa Ref-2 (LDO) Ret-2 Ret-2

Table S2. Regulatory genes of five bilaterian species that are orthologous to genes expressed
in the sea urchin apical organ during pre-gastrular embryogenesis.



Sea urchin non-apical reg. genes Mouse (forebrain-midbrain-hindbrain) Xenopus (forbrain-midbrain-hindbrain) Zebrafish (forbrain-midbrain-hindbrain)

Gene name [SPU ID Panther EggNOG Panther EggNOG Panther EggNOG
1 |BsxL SPU_019366 fé"b'o X‘;/”gfo i glbz’;ané ;)b"“ /0box6 15 xz::gg/’ \v/z;T /BVS i”'m /Venbx3 1/ Bsx Vent / Nanog / Vox / Bsx Bsx
2 |couptft  [sPU_023867 Nr2f1 (LDO) Nr2f1, Nr2f2 Nr2f1 (LDO) Nr2f1 / Nr2f2 Nr2f1a (LDO) Nr2f1b, Nr2f2, Nr2f1a
3 |pix SPU_002815 Dix4 (LDO) Dix1 Dix4 (LDO) Dix1 Dix4b (LDO) Dix1a
4 |pmrtA2  [SPU_001255 Dmrta2 (LDO) Dmrta2 Dmrta2 (LDO) Dmrta2 Dmrta2 (LDO) Dmrta2
5 |Em SPU_004723 Esra (LDO) Esrra Esrrb,Estrg Esrra (LDO) Esrrb / Esrrg / Esrra Esrra (LDO) Esmb, Esrrga, Esrra, Esirgb
6 [evit SPU_018797 Mecom (LDO) Mecom,Prdm16 tﬁg;ﬁ%&g&;&o&g;ggv(‘lr;g)goozsegzmg PRDM16 / Mecom si:ch73-138¢16.3 (LDO) ;’:g:“s 7955.ENSDARP00000118466,
7 |FosiAts  [sPU_021173 Fosi2 Atf3 Fosl2 (LDO) Atf3 Fosl2 (LDO) Atf3
8 |Foxc SPU_024139 Foxc2 (LDO) Foxc2, Foxcl Foxc2 (LDO) Foxc2 / Foxc1 Foxc1b (LDO) Foxcla, Foxc1b
o |FtzF SPU_013843 Nr5a2 (LDO) Nr5a1, Nr5a2 Nr5a2 (LDO) Nr5a2 / Nrsat Nr5a2 (LDO) Nr5a5, Nr5a2, Nr5ata, Nrsa1b
10 |HnflaL  |SPU_010305 Hnf1b (LDO) Hnf1a,Hnf1b Hnf1b (LDO) Hnf1b / Hnfla Hnf1ba (LDO) Hnf1ba, Hnf1bb, Hnfla
11 |irfa SPU_026877 Irf8 (LDO) Irf4 Irf8 (LDO) Irf4 Irf8 (LDO) Irfda, Irf4b
12 |KIf15 SPU_015772 KIf15 KIf15 Kif15.2 (LDO) KIf15 si:ch211-117k10.3 (LDO) KIf15
13 |Lasse SPU_000948 Cers5 (LDO) Cersd,Cers5,Cers2,Cersé Cers5 (LDO) Cers6 / Cers5 / Cers2 Cers5 (LDO) Lg;i‘;zm' Cersda, Cers6, CersS, Cersdb,
14 |Lhx3-4 SPU_001975 Lhx3 Lhx4,Lhx3 Lhx3 (LDO) Lhx4 / Lhx3 Lhx3 (LDO) 7955 ENSDARP00000087936, Lhx4
15 |Lox SPU_026099 Pdx1 Pdx1 Pdx1 (LDO) Pdx1 Pdx1 (LDO) Pdx1
16 |Mitf SPU_008175 Tfe3 (LDO) Mitf, Tfe3 Tfe3 (LDO) Mitf / Tfe3 Tfe3a (LDO) Tfe3a, Tfe3b, Titfb
17 [mu3 SPU_026465 Kmt2d (LDO) Kmt2d, Kmt2c Kmt2d (LDO) Kmt2d / Kmt2c Kmt2d (LDO) Kmt2ca, Kmt2cb, M2
18 [Myc SPU_003166 Myen (LDO) Mycn, Mycs Mycn (LDO) Mycn Mycn (LDO) Mycn
19 |Nfe2_1 SPU_008752 Nfe2i2 (LDO) Nfe212, Nfe2l1 Nfe2l1 (LDO) Nfe2l1 Nfe2l1b (LDO) Nfe2i1a, Nfe2l1b
20 |osr SPU_024877 Osr2 (LDO) Osr2 Osr2 (LDO) Osr2 Osr2 (LDO) Osr2
21 |otp SPU_019290 Otp (LDO) otp Otp (LDO) otp Otpa (LDO) Otpb, Otpa
22 |Prxt SPU_018951 no orthologs Prrx1 no orthologs identified Prrx1 no orthologs identified Prrxib, Prrxla
23 |six1/2 SPU_017379 Six2 (LDO) Six1, Six2 Six2 (LDO) Six2/ Six1 Six2a (LDO) Six1a, Six2b, Six1b, Six2a
24 |six4 SPU_017380 Six5 (LDO) Six5, Sixd Sixd. Sixa Six5 (LDO) Sixda, Sixdb, Six5
25 |Tbrga SPU_020136 Torg4 (LDO) Tbrg4 Tbrg4 (LDO) Tbrgd Tbrg4 (LDO) Tbrg4
26 |tbxzo sPU_018391 TBx20 (LDO) TT1>;<X1105, Tbx20, Tox1, Tox22, Tox18,(1 o (1 ooy xi;g‘ TBX15, Tox1, Tx20, (100 (1 po) ?;ﬁi}?;ﬁg%;?iﬁﬁNSDARPOOOON1039
27 |Tgif SPU_018126 Tgif21x2 / Tgif1 / Tgif2 Tqif1 Tgif1 (LDO) Tgif1 Tgif1 (LDO) Tqif1
28 [Trh SPU_014249 Npas1 (LDO) Npas1,Npas3 Npas3 Npas3 Npas1 (LDO) Npas3b(npas1), NPAS3
Sea urchin non-apical reg. genes Drosophila (Brain /procephalic ectoderm) C. elegans (head neurons, head ring ganglion)

Gene nan{SPU ID Panther EggNOG ENSEMBL Panther EggNOG ENSEMBL

1 BsxL SPU_019366 [Bsh Bsh Bsh Ceh-23 / Ceh-51/Tab-1 Tab-1 Tab-1
2 Couptf1 |SPU_023867 |Svp (LDO) Svp Svp Nhr-91 (LDO) Unc-55 no orthologs identified
3 Dix SPU_002815  |DII (LDO) DIl DIl Ceh-43 (LDO) Ceh-43 Ceh-43
4 DmrtA2 [SPU_001255 |[Dmrt99B (LDO) Dmrt99B Dmrt99B Dmd-5 (LDO) Dmd-5 Dmd-5
5 Err SPU_004723  |Err (LDO) Err Err no orthologs identified no orthologs identified no orthologs identified
6 Evi1 SPU_018797 |Ham (LDO) CG10348, Ham CG10348 Egl-43 (LDO) Egl-43 Egl-43
7 Fos/Atf3 |SPU_021173 |Kay (LDO) Atf3 no orthologs identified Fos-1 no orthologs identified no orthologs identified
8 FoxC SPU_024139  |Croc (LDO) Croc Croc Fkh-9 (LDO) n.a. no orthologs identified
9 FtzF SPU_013843  |Ftz-f1 (LDO) Fiz-f1 Ftz-f1 Nhr-25 (LDO) Nhr-25 Nhr-25
10 HnflaL |SPU_010305 [no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified
11 Irf4 SPU_026877  |no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified
12 KIf15 SPU_015772  |KIf15 (LDO) KIf15 KIf15 KIf-3 / KIf-2 / KIf-1 no orthologs identified no orthologs identified
13 Lass6  [SPU_000948 [Schlank (LDO) Schlank Schlank Hyl-1 (LDO) Hyl-2, Hyl-1 Hyl-2, Hyl-1
14 Lhx3-4 [SPU_001975 |Lim3 (LDO) Lim3 Lim3 Ceh-14 (LDO) Ceh-14 Ceh-14
15 Lox SPU_026099 |Zen2 no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified
16 Mitf SPU_008175  |Mitf (LDO) Mitf Mitf HIh-30 (LDO) HIh-30 HIh-30
17 M3 SPU_026465 |Trr (LDO) Trr, Lpt Trr Set-16 (LDO) Set-16 Set-16
18 Myc [SPU_003166 |Myc (LDO) no orthologs identified no orthologs identified no orthologs identified no orthologs identified no orthologs identified
19 Nfe2_1 |SPU_008752 |Cnc (LDO) Cnc Cnc Skn-1 (LDO) Sknr-1, Skn-1 no orthologs identified
20 Osr SPU_024877  |Bowl (LDO) Bowl, Odd, Sob Bowl, Odd, Sob Odd-1 (LDO) 0Odd-2, Odd-1 Odd-2, Odd-1
21 Otp SPU_019290 |Opt (LDO) Otp Otp no orthologs identified no orthologs identified no orthologs identified
22 Prx1 SPU_018951 |CG9876 (LDO) no orthologs identified CG9876 Alr-1 (LDO) no orthologs identified no orthologs identified
23 Six1/2 SPU_017379  |So (LDO) So So Ceh-34 (LDO) Ceh-33, Ceh-34 no orthologs identified
24 Six4 SPU_017380  |[Six4 (LDO) Six4 Six4 Unc-39 (LDO) no orthologs identified Unc-39
25 Tbrg4 SPU_020136 |CG13850 (LDO) CG13850 CG13850 B0564.7 (LDO) no orthologs identified no orthologs identified
26 Tbhx20 SPU_018391 |H15 H15, Mid, Org-1 H15, Mid Mab-9 Mis-1, Mab-9 Mab-9
27 Tgif SPU_018126  |Vis (LDO)/ Achi (LDO) Vis, Achi Vis, Achi Ceh-60 (LDO) no orthologs identified no orthologs identified
28 Trh SPU_014249  [Trh (LDO) Trh Trh HIh-34 (LDO) no orthologs identified Hih-34

Table S3. Regulatory genes of five bilaterian species that are orthologous to selected genes that

are not expressed in the sea urchin apical organ during pre-gastrular embryogenesis.




Upstream TF  |Type of interaction Reg. Gene B Domain Reference

SoxB1 Activates foxq2 Apical Ectoderm [17]

SoxB1 Represses soxb1 Apical Ectoderm [22], [17]

SoxB1 Activates soxb2 Apical Ectoderm [17]

SoxB1 Activates hnf6/onecut Apical Ectoderm [80], [17]

SoxB1 Activates nkx2.1 Apical Ectoderm [17]

SoxB1 Activates not Oral Ectoderm [17]

SoxB1 Activates nodal Oral Ectoderm [79]

Six3 Activates foxq2 Apical Ectoderm [29]

Six3 Represses nodal Oral Ectoderm [29]

Not Represses not Oral Ectoderm [81]

Nodal Represses hbn Oral Ectoderm [33]

Emx Represses foxq2 Oral Ectoderm [22]

FoxQ2 Represses foxq2 Apical Ectoderm This study and [22]
FoxQ2 Represses Six3 Apical Ectoderm [22]

FoxQ2 Represses nodal Apical Ectoderm [21]

FoxQ2 Represses emx Apical Ectoderm [22]

FoxQ2 Activates nkx2.1 Apical Neuro ectoderm This study

FoxQ2 Activates dkk3 Apical Neuro ectoderm This study and [20]
FoxQ2 Activates zic Apical Neuro ectoderm This study

FoxQ2 Activates SFRP1/5 Apical Neuro ectoderm This study and [20]
FoxQ2 Activates foxj1 Apical Neuro ectoderm This study

FoxQ2 Activates nkx3-2 Apical Neuro ectoderm This study

FoxQ2 Activates Ihx2-9 Apical Neuro ectoderm This study

FoxQ2 Activates soxc Neural Differantion This study

FoxQ2 Activates ac/sc Neural Differantion This study

FoxQ2 Activates ebf3 Neural Differantion This study

SoxC Activates brn1/2/4 Neural Differantion This study and [24]
SoxC Activates ebf3 Neural Differantion This study

SoxC Activates insm Neural Differantion This study

Hbn Activates soxc Apical Neuro ectoderm This study

Hbn Activates smadIP/zfhx Apical Neuro ectoderm [33]

Hbn Activates z133/fez Apical Neuro ectoderm [33]

Delta/Notch Represses soxc Neural Specification This study and [23]

Table S4. List of regulatory interactions between an upstream transcription factor (TF) and a

downstream regulatory gene, identified here and elsewhere.
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