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Supplementary Figure 1 | RFa+ and GLWa+ neurons around the
mouth of N. vectensis primary polyps. RFa+ and GLWa+ neurons
established a neural plexus connecting the oral and aboral end at the
primary polyp stage. Asymmetric organisation of GLWa+ neurons along the
directive axis around the pharynx in planula larvae was lost in primary polyps.
Shown are representative images of three experiments with similar results.
The pink dotted lines denote the oral-aboral axis. Red asterisks indicate the
blastopore. Scale bars, 100 pm.
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Supplementary Figure 2 | Ectodermal and endodermal GLWa+ neurons in N. vectensis planula. Confocal
microscopy showed that the GLWa+ neurons formed a cluster at one side of the pharyngeal endoderm (medial and oral
sections, shown in green), whereas ectodermal GLWa+ neurons were distributed rather evenly along the directive axis
(superficial and aboral sections, shown in red). Shown are representative images of three experiments with similar
results.
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Supplementary Figure 3 | Semi-quantitative analysis of neurogenic genes in N. vectensis
embryos. NvSoxB1 was maternally and abundantly expressed in the unfertilized egg and down-
regulated after gastrulation started, NvSoxB2a and NvSoxB2d were transiently up-regulated at blastula
stage. Several orthologous proneural genes, especially NvAshB and NvArp3 started to be up-regulated
at the blastula stage. Although up-regulation of NvVAshC, NvAshD, NvArp2, NvArp4, and NvArp5 was
observed during early embryogenesis, these neural bHLH transcription factors were evidently
expressed on later developmental stages, in the planula larva and primary polyp, suggesting their
multiple roles for neuroblast and later neural cell type specification. NvEf1a was used to normalize the
samples. Shown are representative images of three experiments with similar results.
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Supplementary Figure 4 | Comparisons of the domain organization of SoxB proteins. (a) Alignment of amino acid sequences of
SoxB HMG domains of bilaterians, sponge and sea anemone N. vectensis. The characteristic amino acids for group B (filled circles) and
subgroups B1/B2 (open circles) are indicated. The HMG domains of these . vectensis Sox genes also show identity/similarity on the amino
acid level characteristic of group B. (b) A comparison of group B motifs. Note that the highest similarity to group B specific motifs of the
bilaterian SoxB2 was observed in NvSoxB2a. The HMG domains are boxed. (¢) A comparison of full-length amino acid sequences of SoxB2
proteins of Branchiostoma floridae (BfSoxB2) and N. vectensis (NvSoxB2a). Identical and similar amino acid residues are shaded heavily and
lightly, respectively. The HMG domains are boxed. (d) Scheme of the B. floridae and N. vectensis group B2 Sox proteins. Numbers at the
ends of the bars represent the total number of amino acids. Conserved Group B specific amino acids are shown in green boxes. C-terminal
domains that bear evident conservation with chordate SoxB2 subgroup are shown in red boxes. The N. vectensis gene names that have
been previously defined are shown in the parentheses. Hs, Homo sapiens; Gg, Gallus gallus; X|, Xenopus laevis; Dr, Danio rerio; Bf,
Branchiostoma floridae; Sk, Saccoglossus kowalevskii; Nv, Nematostella vectensis; Ama, Amphimedon queenslandica; Xt, Xenopus
tropicalis; Tr, Takifugu rubripes; Sp, Strongylocentrotus purpuratus.
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Supplementary Figure 5 | Efficiencies of the translation-
blocking morpholinos against NvSoxB2a, NvAshB, NvArp3 and
NVArp6. The pCS2 plasmids containing partial 5° UTR and the
complete open reading frame of the NvSoxB2a, NvAshB, NvArp3 or
NVArp6 were incubated with corresponding morpholinos (50 uM). The
Arrow on NvSoxB2a indicates a non-specific protein product.
NvSoxB2a protein is denoted with the arrowhead. Shown are
representative images of three experiments with similar results.
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Supplementary Figure 6 | Early neurogenic gene functions are required for neural development. Immunohistochemistry

using anti-RFa and anti-GLWa neuropeptides revealed that development of the RFa+ and GLWa+ neurons in the planula larvae was
strongly inhibited by injection of morpholinos against NvSoxB2a, NvAshB and NvArp3 transcription factors. Shown are representa-
tive images of three experiments with similar results. The pink asterisks indicate the blastopore.
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Supplementary Figure 7 | RFa+ and GLWa+ neurons in NvSoxB2a, NvAshB and NvArp3 morphants. Quantification of number of RFa+
and GLWa+ neurons at the planula larvae that was injected morpholinos against NvSoxB2a, NvAshB or NvArp3. (a) The number of RFa+ and
GLWa+ neurons was decreased in planula larvae injected with morpholinos against the early neurogenic genes. The data represent the mean +
s. e. m. of at least three experiments. Asterisks denote statistical significance with student’s t-test (¥, p< 0.01). (b) Numbers of larvae with RFa+
and GLWa+ neurons were also decreased in the morphants.
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Supplementary Figure 8 | Expression of NvBrachyury and NvTcf at the
prospective blastopore. (a) WISH analysis demonstrated that the 3-Catenin
target genes NvBrachyury (NvBra) and NvTcf start to exclusively be expressed
at the prospective blastopore region at blastula stage, indicating a localized
activation of B-Catenin signalling at this embryonic region. (b) Treatment of
early embryos (egg-blastula) with a GSK3 inhibitor ALP (2.5 pM) induced
ectopic and increased expression of NvBra. Shown are representative images
of three experiments with similar results. The pink asterisks indicate the
blastopore.
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Supplementary Figure 9 | Dose-dependent up-regulation of NvBra and early neurogenic genes
by GSKS3 inhibitors. gPCR analysis of NvBra and neurogenic genes after treatment with increasing
concentrations of GSK3 inhibitors, ALP, BIO and 1-AZA. NvEfia was used as an internal control. Bars
represent the mean + s. e. m. of three experiments. Asterisks denote statistical significance with student’s

t-test (%,

p< 0.05; **, p< 0.01).
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Supplementary Figure 10 | Survival rate of embryos after GSK3p inhibitor
treatment. (a) A schematic diagram showing the temporal and early treatment
with inhibitors. (b) Quantification of living planula larvae (72 hpf) treated with
indicated concentrations of the GSK3 inhibitors. Bars represent the mean

+ s. e. m. of three experiments.
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Supplementary Figure 11 | Dose-dependent effect of GSK3p inhibitors on RFa+ and GLWa+ neurons. (a)
Immunohistochemistry using anti-RFa and anti-GLWa antibodies demonstrated that oral development of these
neuropeptide-expressing neurons was expanded toward aboral side in the planula larvae treated with GSK3(3
inhibitors. The pink asterisks indicate the blastopore. Scale bars, 100 um. (b) The number of RFa+ and GLWa+
neurons was increased in planula larvae treated with GSK3 inhibitors in a dose-dependent manner. Bars represent
the mean = s. e. m. of three experiments. The black asterisks denote statistical significance with student’s t-test

(**, p< 0.01).
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Supplementary Figure 12 | B-Catenin dependent expression of NvBmp2/4 and NvChordin.
(@) N\vBmp2/4 and NvChordin are expressed at one side of the blastopore in gastrula stage. 2.5 yM
ALP-treated gastrula showed expanded expression of N\vBmp2/4 in the entire embryos, whereas
NvChordin turned to being suppressed. (b) gPCR analysis of NvBmp2/4, NvBmp5-8 and NvChordin
at the early gastrula treated with 1-AZA (2.5 M) or iCRT14 (10 uM and 50 pM), or injected with
NvTef morpholino. Note that NvBmp2/4, NvBmp5-8 and NvChordin expression required the
3-Catenin signalling. The NvChordin suppression caused by ALP and 1-AZA was probably due to
the dual function of B-Catenin signalling on the NvChordin expression. Bars represent the mean + s.
e. m. of three experiments. The black asterisks denote statistical significance with student’s t-test (*,
p< 0.05, **, p< 0.01).
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Supplementary Figure 13 | Neurogenesis after over-activation of
Bmp signalling. (a) A schematic drawing of the temporal hBmp2
treatment during early embryogenesis (egg-blastula). (b) Immunohisto-
chemistry using anti-RFa and anti-GLWa antibodies showed that the
transient hBmp2 treatment of early embryos does not affect the number
of the neuropeptide-expressing neurons at the planula stage. Bars
represent the mean = s. e. m. of at least three experiments.
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Supplementary Figure 14 | Bmp dependent formation of RFa+ and
GLWa+ neurons. (a,b) Development of RFa+ and GLWa+ neurons were
analysed in the planula larvae injected with morpholinos against
NvBmp2/4 and NvBmp5-8. Immunohistochemistry using anti-RFa and
anti-GLWa antibodies revealed that the development of these
neuropeptide-expressing neurons is depending on the Bmp signalling.
The number of larvae with RFa+ and GLWa+ neurons (a) and the number
of RFa+ and GLWa+ neurons per planula (b) were decreased in the
NvBmp2/4/NvBmp5-8 double morphants. The data in (b) represent the
mean + s. e. m. of three experiments. Asterisks in (b) denote statistical
significance with student’s t-test (**, p< 0.01).



WB: a-pSmad1/5/8  (pg) WB: a-Smad1/5/8 (kDa) WB: a-B-Tubulin

(kDa) g 170= 170 =
170 — [ -
S 130 = 130=
130 = g yr ey grer
—‘\”" 95 == 95 ==
95— !
/ 72mm 72=
T2 o bt bt b ——
= 55=

B —— 55=

55m= 2 |
@© © ®© Q ®© © © Q @© @© (] o
222 3 2 28 2 % 2 22 3
[
T 8 & © 8T 3 & 2 g 2 & o
m o & 2 m o & 2 m o & 2
S S £
£ £ £
o a o

WB: a-pSmad1/5/8 (kDa) WB: a-Smad1/5/8 (kpa) WB: a-B-Tubulin

(k1D753 170 = 170=
130 130 == 130=
95m 95 = 95 =
72= 2= 2=
> P ——
55— 5= 55=
< < @ 9 < . 0 Q9 < < @ 9
(cg o o -« g o o -« <£ o o -«
hBmp2 hBmp2 hBmp2
(ug/ml) (ug/ml) (ng/ml)

Supplementary Figure 15 | Full images for the Westernblotting (pSmad). Westernblotting
analyses were carried out as described in the Method section. Immunoreactive proteins (pSmad1,
Smad and -Tubulin) in developing and hBmp2-treated embryos were detected using ECL reagent with
40 min, 20 min and 10 min exposure time, respectively. Shown are representative images of three

experiments with similar results.
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