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ABSTRACT

During metamorphosis of solitary ascidians, part of the larval tubular nervous system is
recruited to form the adult central nervous system (CNS) through neural stem-like cells
called ependymal cells. The anteroposterior (AP) gene expression patterning of the larval
CNS regionalize the distribution of the ependymal cells, which contains the positional
information of the neurons of the adult nervous system.

In colonial ascidians, the CNS of asexually developed zooids has the same morphology of
the one of the post-metamorphic zooids. However, its development follows a completely
different organogenesis that lacks embryogenesis, a larval phase and metamorphosis.

In order to describe neurogenesis during asexual development (blastogenesis), we followed
the expression of six CNS AP patterning genes conserved in chordates and five neural-
related genes to determine neural cell identity in Botryllus schlosseri.

We observed that a neurogenesis occurs de novo on each blastogenic cycle starting from a
neurogenic transitory structure, the dorsal tube. The dorsal tube partially co-opts the AP
patterning of the larval CNS markers, and potentially combine the neurogenesis role and

provider of positional clues for neuron patterning. This study shows how a larval
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developmental module is reused in a direct asexual development in order to generate the

same structures.
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INTRODUCTION

During the development of most bilaterian, the central nervous system (CNS) becomes
regionalized molecularly along its dorso-ventral and anteroposterior (AP) axes. Such
partitioning is defined by a patterned expression of transcription factors (TFs). Dorso-ventral
regionalization has been suggested to have evolved independently’. The AP order of gene
expression is conserved even in animals with no centralized nervous system? and such
patterning can be important for the axis of entire organisms?.

In ascidians (Tunicata), the larval CNS is formed like in other chordates by the rolling up of
a neural plate into a dorsal hollow tube, which becomes organized along the AP axis into
four regions: the sensory vesicle (SV), the neck, the visceral ganglion (VG), and the tail
nerve cord 4. While the homology of these structures to corresponding regions in chordate
CNS regionalization is still debated 47, the expression of some TF genes characterizing the
AP axis are conserved 3. For instance, along the AP axis, Otx is expressed anteriorly 8°,
and Pax2/5/8 and Gli more posteriorly 10, while several Hox genes are expressed even more
posterior, in the VG ' and in the nerve cord '2. This order of gene expression reflects the
patterns of expression of orthologous genes not only of vertebrate, but also of the
cephalochordate and the hemichordate nervous systems 3.

During their biphasic life history ascidians undergo a severe remodeling of their nervous
system. The swimming tadpole-like larva with the typical chordate body plan
metamorphoses into a sessile filter feeding zooid'3. Throughout this process it loses the
larval sensory organs and tail used in locomotion. The post-metamorphic zooid substitutes
the larval CNS by the adult neural complex. The neural complex '* consists of a cerebral
ganglion, which innervates the body wall '>-'7 and the neural gland (NG) 1819, which opens
anteriorly into the branchial chamber through a ciliated funnel-shaped duct (CF) and
continues posteriorly forming the dorsal strand, or dorsal organ (DO) 2°.

The adult ganglion is derived from cell progenitors of the transitory larval CNS. In Ciona only
one third of the larval nervous system are neurons and the rest are glia-like cells, classified
as ependymal cells 2'. Most larval neurons disappear during metamorphosis, whereas the
ependymal cells of the larval brain differentiate into the neurons of the adult ganglion 22.
Interestingly, cell tracing experiments showed that the patterning of the larval CNS provides

the positional information along the AP axis of the adult CNS neurons 722-24, This is an
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example where a transitional structure, the larval CNS, serves as a scaffold to build the adult
definitive structure, the adult CNS25,

In colonial species of ascidians, such as Botryllus schlosseri, the post-metamorphic zooid
(oozooid), derived from a larva, begins a cyclic asexual budding process named
blastogenesis that leads to the development of other adult zooids (blastozooids) 26. During
blastogenesis all organs, including the nervous system, are created anew from pre-existing
epithelia, without passing through a larval stage (Suppl. Mat. 1). Regardless their different
ontogenetic origin, the overall anatomy of the CNS in 0ozooids and blastozooids is identical.
During blastogenic neurogenesis, the neural complex originates from an epithelial
thickening that evaginates from the dorsal inner vesicle of the young bud forming a tubular
structure, the dorsal tube, which elongates anteriorly along the AP axes 2627, The dorsal
tube gives rise to the neural gland and by delamination of migratory cells to the cerebral
ganglion 26:27,

To explore whether the larval AP patterning process has been co-opted during blastogenetic
CNS development, we studied the expression of six genes with highly conserved roles in
chordate CNS AP patterning, and five neural-related genes to determine neural cell identity
(Table 1). We followed the expression dynamics of these 11 genes during blastogenetic
development and observed that the dorsal tube, partially co-opt the anteroposterior
patterning of the larval CNS markers, potentially providing positional clues for the

establishment of the entire neural complex.
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Gene / aliases Expression in Tunicata

Expression in

chordates and

hemichordates
NS

larval

post-metamorphic

Halocynthia roretzi, anterior CNS,

Ciona intestinalis, SV & ant. ectoderm,

Otx

- Oikopleura dioica, OtxB anterior NS,
c
()
o Gli . L
o (zinc finger TF) C.intestinalis neck,
£ IrxB Ascidia:Irx behind posterior sensory
S (homeobox TF) vesicle,
8 Pou3 Ciona intestinalis no orthologue,
& (Pou class lll Halocynthia roretzi, Oikopleura

homeobox TF) dioica, NA supplement figure 3

Hox3 C. intestinalis anterior region of the
(homeobox TF) visceral ganglion,
C. intestinalis 3 patches in brain, post.
neural tube,
Zic-r.a (zinc finger C. intestinalis in CNS with 2 gaps,

. TF)
() . . .
x Macho-1 Halocynthia roretzi, not in CNS,
©
£

Ebf (HLH TF) . L
§ COE, Unc-3 C. intestinalis CNS,
= Etr (ELAV-like
g family member) Halocynthia roretzi CNS,
@ Celf/CUGBP
- Notch . . . .
T (transmembrane Halocynthia roretzi preferentially in CNS
é receptor)

Pou4 . L .
(Pou class IV C. intestinalis PNS and posterior

homeobox TF) sensory vesicle,

Ciona intestinalis endostyle,
pharynx, heart -,

Oikopleura dioica anterior
endostyle,
Herdmania curvata pharynx,
CF,

C. intestinalis endostyle,
pharynx and heart,
NA

Ciona intestinalis no orthologue,
Halocynthia roretzi, Oikopleura
dioica, NA supplement figure 3

C. intestinalis posterior part of

the CG,
NA

NA

NA

NA

NA

C. intestinalis endostyle,
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MATERIALS AND METHODS

Animal husbandry

Botryllus schlosseri colonies were raised on 50x70x1 mm glass slides as described
previously®*. A Botryllus colony consists of three coexisting generations that arise
asexually: the adult filter feeding zooids, their buds, called primary buds, and their buds
(secondary buds or budlets). Budding (blastogenesis) was staged according to Lauzon et
al. (2002)%°. First, a secondary bud appears as a thickening of the peribranchial epithelia
and overlying epidermis of the previous generation (stages A1-A2). Second, the
peribranchial evagination closes off and forms a vesicle, whereas the overlying epidermis
maintains a connection to the parental zooid giving the impression of a double vesicle
(stages B1-B2). Third, organogenesis begins as the inner vesicle folds into three distinct
chambers: the central branchial chamber, and two lateral peribranchial chambers (stages
C1-C2). While the adult zooid undergoes programmed cell death, and the primary bud
takes over his place to become the next generation of zooid (stage D) and the secondary

bud becomes the primary (A).

Gene identification and phylogeny
RNA sequences were retrieved by tblastn from the Botryllus schlosseri transcriptome

database http://octopus.obs-Ifr.fr/public/botryllus/blast_botryllus.php, full length sequences

of the tunicate proteins are retrieved from Aniseed (https://www.aniseed.cnrs.fr/), and
others from NCBI (Suppl. Mat. 2). Alignments were generated using MAFFT, and
sequences trimmed by the TrimAl Gappyout method. Maximum likelihood trees were
compiled using PhyML %6 (Suppl. Mat. 3-11).

Fluorescent in situ hybridization (FISH)

Antisense mRNA probes were designed within the coding region of each gene (Supp. Mat.
12) FISH was carried out as previously described in Ricci et al. (2016)%” with the following
modifications: 1% Dextran sulfate was added to the Hybridization buffer and the revelation
solution. The anti-Digoxigenin Antibody (HRP) (Roche, #11207733910) was pre-adsorbed
for 1 hour in hybridization solution with a mix of fixed colonies at different stages. When
the tunic was exhibiting a very strong background the animals were manually removed

from the tunic after rehydration, post fixed in 4% PFA for 1h and transferred into washing
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baskets in 24-well plates. DIG-probe detection was performed with bench-made FITC-
Tyramide by 3h incubation. For double FISH, the hybridization of DIG labeled and
Fluorescein labeled probes was performed at the same time, fluorescein probes were

detected with Cy3-Tyramide.

Imaging
Confocal images were acquired using a Leica SP8 (40x/1.1 Water WD 0.6 HCX PL APO

CS2) and processed with ImageJ %8and Inkscape.
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RESULTS

Early expression of neural patterning genes during blastogenesis

At the onset of blastogenesis the secondary bud forms a double vesicle, the inner vesicle
starts to fold giving rise to various structures including the dorsal tube?¢(Materials and
methods). The dorsal tube begins as a dorsal thickening of the epithelium of the inner
vesicle?’. In this region Otx and IrxB were expressed starting from the double vesicle stage
(stage B2, Fig. 1 A, B). This expression was maintained when the primordium of the dorsal
tube started to evaginate (stage C1, Fig. 1C). At this stage the first AP pattern was detected
(Fig. 1 D-D”): Pou3 was expressed anteriorly in few cells in the forming dorsal tube (Fig.
1D), moving posteriorly Pou3 was co-expressed with the posterior marker Hox3 (Fig. 1D’)
and more posteriorly few cells expressed only Hox3 (Fig. 1D”). The area of the evaginating
dorsal tube co-expressed also the neural makers Zic-r.a and Ebf (Fig. 1E-G). While the
domain of expression of Zic-r.a was broader (Fig. 1F), Ebf was expressed only in a set of

cells at the posterior side of the Zic-r.a domain (Fig. 1G).

Dynamic of expression during the elongation of the dorsal tube

In the secondary bud, during stages C2 the forming dorsal tube extends anteriorly as a blind
tube (Fig. 2A) to meet the inner vesicle and fuse to the future branchial chamber at stage D
(Fig. 2B-C). In the meantime, cells detach from the walls of the dorsal tube to the overlying
mesenchyme?627, During the elongation of the dorsal tube Otx transcripts were expressed
at the anterior pole with a gradual increase in expression to the ventral side, over the dorsal
epithelia of the future branchial basket and atrial chambers, as well as in other more
posterior regions (Fig. 2D). During dorsal tube elongation, IrxB was expressed around the
dorsal tube and in scattered cells of the tube (Fig. 2E). The expression of Gli was first
detected along the entire dorsal tube (Fig. 2F) and then became restricted in the median
region of the dorsal tube after the anterior fusion of the tube (Fig. 2G). During dorsal tube
elongation Pou3 expression shifted posteriorly and overlaps with Hox3 expression (Fig. 2H).
During anterior fusion of the dorsal tube Hox3 was detected in the posterior end of the tube,
and in mesenchymal cells around the dorsal tube (Fig. 2I). Pax3/7 patterns Ciona CNS in
three regions anterior and posterior part of the SV, the neck and the caudal nerve cord®®. In
the Botryllus C2 secondary bud, Pax3/7 was expressed in the anterior dorsal side of the

elongating dorsal tube (Fig. 2J), and in the epidermis that overlies the tube. After the fusion

8
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of the tube (stage D), Pax3/7 transcripts were no longer localized in the epidermis, but in
mesenchymal cells overlying the dorsal tube (Fig. 2K). The detection of the pan-neuronal
marker ELAV related gene Etr was observed from stage C2 in scattered cells of the dorsal
tube and in the mesenchymal cells around the tube (Fig. 2J). Some Etr+ cells in the tube
and in the mesenchyme also co-expressed Pax3/7 (Fig. 2J). The larval neural tube marker
Zic-r.a retained expression along the dorsal tube during elongation (Fig. 2L) and after fusion.
In stage C2 the neural marker Ebf was expressed in single cells along the entire dorsal tube
and the overlying mesenchyme (Fig. 2L, M), some of these cells co-expressed the second
Pou-domain containing transcription factor Pou4 (Fig. 2M), a TF necessary for terminal
differentiation of specific sensory neurons in different metazoan phyla®'. Notch (Fig. 2N) was

expressed in scattered cells all along the tube during its elongation and fusion.

AP patterning of the dorsal tube during the formation of cerebral ganglion

At stage A1 of the colony, the CNS of the primary bud is further developed than the
secondary bud at stage C mentioned above (Fig. 3A-B). The posterior side of the dorsal
tube detaches 26, and a delamination of cells from the tube migrate ventrally forming the
cerebral ganglion 26:27.60_ At this stage Otx expression was confined to the anterior pole of
the tube, as well as to the dorsal epithelia of the branchial basket and peribranchial
chambers (Fig. 3 C, C’). IrxB expression was restrained to a central region of the dorsal tube
(Fig. 3D, D’). Gli maintained its domain of expression in the middle of the dorsal tube
posterior to the Otx expression domain and showing only a small overlap (Fig. 3E). Only a
scattered part of the Gli expressing cells co-expressed the neural marker Ebf (Fig. 3F, F,,
F’). Pou3 expression split in two domains: low expression in anterior cells and strong
expression on cells located on the posterior third of the dorsal tube (Fig. 3G, G’).

The patterning markers Hox3 (Fig. 3H, H’) and Pax3/7 (Fig. 3Il, I') were both expressed in
the posterior portion of the dorsal tube. Pax3/7 was no longer expressed in the anterior tube,
but showed an additional expression in mesenchymal cells located in the dorsal and anterior
region of the dorsal tube. Zic-r.a (Fig. 3J, J’) was expressed over the entire length of the
dorsal tube. The neural markers Ebf, Etr (Fig. 3K, K’), and Pou4 (Fig. 3L) were expressed
in scattered cells along the dorsal tube. Only part of the Ebf+ cells co-expressed Etr (Fig.

3K’). Notch (Fig. 3M) was expressed over the entire length of the dorsal tube.
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Expression of CNS patterning genes and neural markers in the adult neural complex

The mature neural complex of a B. schlosseri blastozooid is composed of four structures:
the ciliated funnel (CF), which is in continuity with the neural gland (NG), the dorsal organ
(DO), and the cerebral ganglion (CG) %6(Fig. 4A).

The CNS patterning genes that were still expressed in the fully developed neural complex
include: IrxB, which was expressed in scattered cells in the NG and CG (Fig. 4B); Pou3,
which was expressed in NG, CG and DO (Fig. 4C); Hox3, expressed in the posterior region
of the NG, the DO, and in a patch of cells in the postero-ventral side of the CG (Fig. 4D);
and Pax3/7 that was expressed at the anterior pole of the NG and the antero-dorsal region
of the CG (Fig. 4E). Gli and Otx were not detected in the adult neural complex. Zic-r.a was
expressed throughout the CF, NG and DO but not in the CG (Fig. 4F, F’, F”). Ebf was
expressed in scattered cells of both CG and NG (Fig. 4G, H). Etr was expressed in the entire
CG and in scattered cells of the NG (Fig.5H). Expression of the transmembrane protein
Notch was restricted to the NG region (Fig. 41), whereas Pou4 was expressed in the CG and
NG (Fig. 4J).

10
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DISCUSSION

Dorsal tube formation and neurulation share similar AP patterning

Our data highlight comparable AP expression patterns between the stereotypical chordate
neurulation 3%3(Fig. 5), and the formation of the blastogenetic dorsal tube in B. schlosseri.
As described before the dorsal tube is a developmental structure that generates the adult
neural complex during asexual development 26. Here we show a common tripartite molecular
regionalization during chordate CNS tubular formation, independent of its developmental
origin, whereas Otx is expressed anteriorly, IrxB and Gli in a central region, and Hox3 and
Pax3/7 at the posterior end of the tube. The regionalized expression of these genes is
transient and begins in the young bud, at stage B2, in a region defined by the presence of
TFs associated to ectodermal tissue fates®!. Within this epithelial domain of the internal
vesicle of the young bud, the dorsal tube arises as a thickening, and displays a bipartite
expression of the transcription factors Pou3 and Hox3. Pou3 has been shown to regionalize
the nervous system during development of many taxa 9283, In early stages of larval
development of ascidians, the CNS exhibits an early bipartition reflected by an absence of
a gap between Otx and Hox gene expression 6, which is followed by a the later insertion of
a Pax2/5/8a+/0Otx-/Hox- domain that establishes the tripartite partitioning of the larval brain
(Wada and Satoh, 2001). Concordantly, in Botryllus blastogenesis, we find the formation of
a middle region during the progression of the dorsal tube elongation, which corresponds to
a region of expression of IrxB and Gli between the Otx and Hox3 domains at stage D. While
present in the B. schlosseri genome, in this study we were not able to amplify Pax2/5/8a, a
marker of the neck region in Ciona; hence we used the zinc finger TF Gli, a downstream
target of Pax2/5/8a %4. In addition, we analyzed IrxB, which in vertebrates is expressed
posterior to the zona limitans intrathalamica, the border between the thalamus and
prethalamus36:65.Both Gli and IrxB were expressed in the central gap region between Otx
and Hox in stage A1 bud. Interestingly, before expression became restricted to the mid
region prior the dorsal tube differentiation, the expression of both TFs started broader during
dorsal tube elongation in the early tubulogenesis. Such extended AP domain might reflect a
generally broader expression of both, Gli and IrxB, observed in non-ascidian chordates (Fig.
5C)3.

11
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The tripartite regionalization of the dorsal tube reflects largely the divisions of the larval
ascidian brain. In contrast, genetic markers of the nerve cord in the larval tail were not
expressed during dorsal tube blastogenetic development. For instance, posterior Hox5
(Gionti et al, 1998) was detected in the peribranchial chamber only, but not in the dorsal
tube (Suppl. Mat. 13).

The AP patterning genes analyzed here are not exclusively expressed during larval CNS
development, but are also involved in the regionalization of other tunicate tissues with AP
extension, such as the endostyle32. They are also known to be expressed in post-
metamorphic structures, such as the heart and pharynx 346667 The three AP ftripartite
molecular domains observed here may be responsible for the morphogenetic boundaries of
the neural gland complex, i.e. CF/NG/DO (Fig. 3.A). Hence, an anterior Otx+ domain delimits
the territory of the CF, a median Gli+/IrxB+ delimits the median NG, and a posterior
Pax3/7+/Hox3+ domain defines the posterior DO respectively (Fig. 5). We hypothesize
further that the three domains may also be important for generating different neuronal cell

types that delaminate and eventually reside in the CG.

Dorsal tube as center of neurogenesis during blastogenetic development

Histological and ultrastructural description of asexual neurogenesis defines the dorsal tube
also as a cellular source for cerebral ganglion development. In particular Burighel et al.
(1998)?7 described the delamination and migration of cells from the dorsal tubular epithelium
which migrate, cluster and differentiate into the neurons of the cerebral ganglion. In addition,
the patterning observed in the dorsal tube occurs in tandem with the expression of neural
and neurogenic markers such as Etr, Zic-r.a, Ebf and Pou genes. Thus expression dynamics
suggests a progressive neural fate determination from a population of cells in the dorsal
tube epithelia, and in cells delaminating from it, which corresponds to morphological
observations present in literature?”.%8. It was previously suggested that during larval
development and metamorphosis in B. schlosseri, most of the adult neural complex
originated from the neurohypophyseal duct in the larval CNS®8, which followed a similar
morphogenetic mechanisms described during blastogenesis®®. On the other hand, in Ciona
metamorphosis, the post-metamorphic ganglion was formed from ependymal cells of the
CNS, and the position of cells along the AP axis reflects their eventual positioning in the
adult cerebral ganglion, suggesting that it was the patterning of the larval nervous system

that provide the positional information to pattern the adult cerebral ganglion 722-24, While the

12
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patterning of the larval CNS is conserved in B. schlosseri (Suppl. Mat. 13) we did not detect
any patterning genes in the neurohypophyseal duct. It is then intriguing to speculate that, in
a non-embryonic context, the patterning of the dorsal tube may provide the spatial cues for

neuronal guidance and development in the cerebral ganglion.

Dorsal tube: neural and non-neural nature

During dorsal tube differentiation, not all the Ebf+ mesenchymal cells express the neural
differentiation markers Etr “6or Pou4. In Ciona, Ebf is not only responsible for the decision
of cholinergic motor neuron over ependymal cells fate in the larval CNS70 but is also
important for muscle formation’!. Interestingly, we also detected myogenic TFs in the
Botryllus dorsal tube and delaminating cells (Prunster, in prep.). Therefore, we argue that
the dorsal tube and delaminating mesenchymal cells are not exclusively committed to neural
fates.

Even though the ascidian specific transcription factor Zic-r.a is a maternal factor that
determines muscular fate primary’273 its zygotic expression in the anterior part of the
sensory vesicle, in the neck, the ganglion, and along the nerve cord suggests a secondary
role in neural development 7475, In Botryllus asexual development Zic-r.a represents a pan-
dorsal tube marker, from the onset of dorsal tube formation until its final differentiation into
the CF, NG and DO. Without clear live tracking of the dorsal tube derived epithelial
mesenchymal cells it is not possible to follow the dynamics of any delaminating cells.
Nevertheless, these patterns of expression suggest that the dorsal tube is not exclusively a
source of neural cells but may contribute to other cell types. While the role of the dorsal tube
has not been functionally tested, this structure shows complex dynamics of cell commitment,
cell differentiation, and cell migration. In this context, the presence of Notch+ cells, could
play an inhibitory role on their differentiation’®.77. Unfortunately, chemically blocking Notch
pathway resulted into a lethal phenotype (data not shown), so any effect on cell type

specification could not be addressed.

Neural complex: neural and non-neural nature

Despite its name, the neural gland and associated structures, including the CF and the DO,
have been considered the non-neuronal part of the neural complex'4. Some authors support
the homology of the ascidian neural gland complex with the vertebrate pituitary or

adenohypophysis’ 79, whereas others dismiss this homology and infer an osmoregulatory
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function® (reviewed in Burighel and Cloney, 1997) 6. When analyzed histologically, the NG
is a homogeneous structure with no obvious differences along the AP axis'®8 and
composed of mainly phagocytic cells, without evidence of neuronal cell types®!. Our
observations of a differential expression of Pax3/7 and Hox3 along the AP axis of the NG in
Botryllus indicates a molecular maintenance of territory identity after the separation of the
CF, NG, and DO. In addition, a continuous expression of the neural marker Etfr and Pou4
both in the differentiated ganglion as well as in cells of the NG suggests a perpetual

differentiation of neurons in this region.

Conclusion

During non-embryonic developments such as Botryllus blastogenesis, different
morphogenetic and ontogenetic events lead to similar structures, often co-opting molecular
regulatory pathways from embryogenesis®-84. The observation of a transitory tubular
structure that leads to the development of an adult CNS during asexual development, allows
us to draw a raw map of gene expression patterns that show a remarkable similarity to AP
patterning of larval CNS development. This is the first study that describes a molecular
patterning event during a non-embryonic development of an ascidian. The development of
two tubular neurogenic structures, one during embryogenesis and metamorphosis, and
another during blastogenesis, strongly suggests co-option of a patterning between two
different ontogenesis. In this case, the partial co-option of the dorsal tube patterning could
represent a provisional scaffolding in blastogenesis, just like the larval CNS functions as a

provisional scaffold for the adult CNS during the sexual development.
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1099  FIGURE LEGENDS

1300

1301

1302 Fig. 1. AP patterning and neurogenic markers are expressed early in the B. schlosseri

1282 secondary bud stage B2.

1305 Confocal sections of budlets (A, B, D-G), dorsal is upwards. (C) Schematic drawing of

1306

1307 Botryllus schlosseri budlet in stage C1 shows the first event of dorsal evagination of the

1283 inner vesicle (green) and the formation of peribranchial chambers (ochre), with an

1310 expansion of MRNA expression projected on top. Genes (yellow or magenta) are

121; indicated in the lower left corner. Dashed lines indicate the border with the primary bud

1313 (Pb) and dashed circles outline the gonads. Scale bar is 50 ym. Nuclei are stained with

1314

1315 Hoechst (cyan).

1316

1317

1318 Fig. 2. Dynamic anteroposterior marker genes are expressed coupled with neurogenic

12;8 genes in B. schlosseri during dorsal tube elongation and fusion.

1321 (A) Schematic drawing of Botryllus schlosseri budlet in stage C2 shows dorsal evagination,

1322

1323 elongation, and tubularization of the inner vesicle. Overlying mesenchymal cells (green)

1:3324 move ventrally (green arrow), while the peribranchial chambers form (ochre). States of
5

1326 expression (close-up in grey) are represented in the upper right corner of corresponding

1327 ,

1398 figures.

1329 (B-C) Schematic drawing of the budlet in stage D shows the dorsal tube (green) attaching

1330

1331 anteriorly to the branchial chamber (light ochre); presumptive gonads (blue) are located

1332 laterally (B) and transversally (C). (E, F, H, J, L, M, N) Confocal sections of budlets in

1333

1334 stage C2 and stage D (D, G, I, K).

1322 Genes (yellow or magenta) are indicated in the lower left corner in. The color border

1337 indicates colony stages (A-C). Dashed lines indicate the border with the primary bud (Pb).

1223 Asterisk indicates unspecific staining of the probe in the tunic. The scale bar is 50 pm.

1340 Nuclei are stained with Hoechst (cyan).

1341

1342

1343

1344

1345 Fig. 3. AP neurogenic genes during ganglion development in the B. schlosseri primary

1346 bud

1347 ud.

1348 (A-B) Schematic drawing of Botryllus schlosseri bud in stage A1, the dorsal tube is

1349

1350 detached posteriorly and the cerebral ganglion is shown as a cluster of cells ventral to the

1351

1352 23

1353

1354

1355

1356
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tube (green), and the forming peribranchial chambers are fused dorsally (ochre). The
green box in (A) represents a close-up view of the dorsal tube shown in the pictures on the
right column. Oral siphon (os) and atrial siphon (as) remain closed. (C-F’,H,J-M) Confocal
images of the dorsal side in stage A1 buds (G,l). Genes are indicated in the lower left
corner of the pictures in yellow or magenta. (C',D’,F”,G’-K’) Close-up view of the DT, black
bar indicates the expansion of expression, dashed bar indicates scattered expression,
grey relative low expression. (F’) Arrow indicates co-expression of Ebf and Gli (K’) Ebf
expression. Asterisks indicate nonspecific staining of the probe trapping in the tunic and

gonad. Scale bar is 50 ym and 10 um in right column. Nuclei are stained with Hoechst

(cyan).

Fig. 4. AP patterning and neurogenic markers in the neural complex of B. schlosseri.

(A) Schematic drawing of Botryllus schlosseri neural complex. (B,C,E,G,l,J) Confocal
projection images of stacks of the neural complex and (D,F, F’,F”, H) confocal sections.

(F) Bright field images of a zooid prior to siphon opening, close-up in (F’). Genes (yellow or
magenta) are indicated in the lower left corner. Scale bar is 50 um. Nuclei are stained with

Hoechst (cyan).

Fig. 5. AP patterning genes during larval CNS development and asexual dorsal tube
development.

(A) AP patterning domains of expression in the larval CNS of Ciona and the dorsal tube in
a stage A1 bud of Botryllus schlosseri

(B) Stage B2 (C) adult neural complex prior to siphon opening in B. schlosseri. (D)
Chordate AP patterning genes in Amphioxus or a generic vertebrate (rat or chicken). Gene
expression domains based on Alvarez-Blado et al.1995, Hudson & Lemaire, 2001,
Matsunaga et al, 2001, Mazet et al. 2003, Imai et al. 2009, Holland et al. 2013, Albuxech-
Crespo et al. 2017. ND, neurohypophyseal duct; SV, sensory vesicle; PSV, posterior
sensory vesicle; VG, visceral ganglion; DT, dorsal tube; CG, cerebral ganglion; CF, ciliated
funnel, NG, neural gland, DO, dorsal organ, CG cerebral ganglion, Tel, Di, Mes, Rhomb,

Tel-,Di-,Mes-,Rhombenchephalon;
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Suppl. Fig. 1 Botryllus schlosseri colony and development of the dorsal tube during blastogenesis (asexual propagation).

(A) Overview of colony of Botryllus schlosseri showing three generations of individuals -adult, primary and secondary bud- connected
with each other by vasculature and enbedded in a common tunic.

(B) Schematic draving of bud development, sagittal view, with focus on the forming neural complex (green). (B') Major steps of dorsal
tube development, I, dorsal evagination of the inner vesicle, Il, the structure becomes tubular by anterior elongation, and cells
delaminate; lll, the tube fuses anteriorly with the proximal branchial basket (bc), flanked by latteral peribranhcial chambers (pc); the
delaminated cells migrate ventrally IV, to form the cerebral ganglion, the tube detaches posteriorly.

(C) Detail of adult neural complex, sagittal view. Its location in a schematic drawing of adult blastozooid with oral siphon (os), atrial
siphon (as) containg the Neural gland complex of Botryllus schlosseri. Close view of the neural complex in brightfield and Hoechst
(cyan) containig 4 structures.




Sequence Names>

Irx

#Bs_IrxB

>Bot_trin2_104970_c0_seq1

MMDGRLVAPRIPAI
PMYGQPFNTSPFPAGYLPYGPGDASAFYPQLTIGENADAWRAGLTQAAAAACYDPALAAA
HYGYGYGSMIGDGGRRKNATRETTSTLKAWLNEHRKNPYPTKGEKIMLAIITKMTLTQVS
TWFANARRRLKKENKMTWSPRNRCGEDDDDDIIEGEDENNNLTDAHRNMKSDRASSRSV
S
PTAQVNPKQENGQRIPSFDLPQQPAMHPFLPRQAITGSFTIQRQSTRPDSAFQRQEDMPA
HRSAPEDQDVDLESVDEDAKQSAMSKRSRSTDLQTHDHYRRRSQSPARAVPKSHQAFQP
T

SISSFSRGHHQKSHNAQSIGPNRTSRRDTISPRSHPYSRNVVVSPASTAASRSSSNSPTK
PKIWSLAECAASNDNDHAKSVVDTPTNIAISKSSPRPGISAVFGNGPRPMQGLPTPHLHP
AMNPEAHATLRNWMDGMMHQKMAVAMAAMSGGQAPPTSFFHGGLLPQHLGMNPAAIAM
AA
SFPRVPESGRFPQNFPGFADFAAAQRAHMAATHAADLHAHPENVPHRKSPLSDAGKQSF
D

SSATRHRIISNEDKRKSPLSTASSPRLEIAEVSAFTALNTRPRSGDSGRASVETNNECLT
QSKESSSPK

#Bs_Nr002

>Bot_trin2_109147 _c0_seq1

MSYSTLPAPSDIFGVNSGLRSRVFPMAT
DRRSDDSHSPTSEPRSPHYRSALQPAELPPHLVSLYNSPYAAAAVAAAMAGQGSGGATTS
GSHFGHFGRVPNSFYPVMVGGEAWRRPPYLSQLDMYWPGLRSLEAVVGPRTKAPREATS
I
LKSWLNDHKDNPYPTKSEKMTLSIVTHMTLTQVSTWFANARRRIKKENKMTWTPKTRSGE
RDDNSSNDEDHDRDFYGRQRSPFSVSRDSTDGSLPSFDGCRRPMIHPVSNTIPKCLSSPM
PPPNTAHPLFSGFNGFTAERRMANENIATSAAEKKFPYGRSAANNGNATDQTKVATDAKA
CRNKSHESDDEKKVARAPFIHLSERTSHTEDDCAFQTNANPDIRLSPSQSRENSPRGSEC
TPSPRVKIEHEEDSTRSARAAHHPVTRDHKADAITSWMKDFQHLVATGQEDRARQALAAF
ALAAKAGTYPDLGTNAFEAYRGTHKGDRADRQSAFRNLSLFNNPYNTRIDTGDLQKRRLS
DGNCRRNSRAESDSSDAESKSSIPDFHTRKRSIEISAARPEASGDISHQKTVLRTQFASG
DNSNYKD

#Bs Nr003

>Bot_trin2_118029_c0_seq1

MLIPPTLNLGNTDAEVNSRERFY
STTGIYSTNLAPTATVGPELSPDTSENQSLYQSAAAEGRMFLNAPKMQSDLPGFHMHAAA
AVVTGHPGSFPLNSPASYAVGAATTPSHGLVPHHYGSPTLDPTQYYPSLAPGYDMKTGDM
WNGGYSQPPHTYLQQYEQGYNPYSYDGRYFPGDINDGGRRKNATRESTNTLKAWLQEHK
K

NPYPTKGEKIMLAITKMTLTQVSTWFA

Cr_Nr001 Cr_KH2012:KH.C11.485.v1.A.SL1-1

Bf Nr0O1 ACF10237.1 iroquois A isoform 1 [Branchiostoma floridae]




Bf Nr002 ACF10239.1 iroquois B [Branchiostoma floridae]

Bf Nr003 ACF10241.1 iroquois C [Branchiostoma floridae]

Pm_Nr001  |phmamm.CG.MTP2014.S526.909766.01.p

Pm_Nr002  |phmamm.CG.MTP2014.S480.g09228.01.p

Mo_Nr001  |Moocul.CG.ELv1_2.S24038.g00958.01.p

Mo_Nr002 Moocul.CG.ELv1_2.5130713.9g15314.01.p

Hr_Nr001 Harore.CG.MTP2014.591.9g04367.01.p

Hr_Nr002 Harore.CG.MTP2014.5184.903498.01.p

Mm_Irx1 NP_034703.2 iroquois-class homeodomain protein IRX-1 [Mus musculus]

Mm_ Irx2 AAG10083.1 iroquois-class homeobox protein IRX2 [Mus musculus]

Mm_ Irx3 CAA75233.1 Iroquois homeobox protein 3 [Mus musculus]

Mm_Irx4 NP_061373.1 iroquois-class homeodomain protein IRX-4 [Mus musculus]

Mm_Irx5 AAF42871.1 iroquois homeobox protein 5 IRX-5 [Mus musculus]

Mm_Irx6 NP_001288066.1 iroquois-class homeodomain protein IRX-6 isoform 2 [Mus
musculus]

Nv_Irx AGD98928.1 Irx [Nematostella vectensis

Gl

#Bs_GLI

>Bot _trin2_109349 c0 seq1

MERYIGTQEHQLTITDSKI

KTVNREDLYLEKQKYFAAANCAHPTPLYPQLRRAGSISSGSESAFSPVCNNKCDEFQVSS
TTDAACTRSRSPSPADVKGSKNQEGDLYIPEDERTNLEVSLRHHRVSAGTGKTETATATS
TTSSEEDEERLRMQKQGNRGRRGAIGATDHRPPSCGTPLGKIAEETNAKKLGLNEYPRAH
DDEYKQQKHNNVAFLAPSNPHDVNFTNDHHQSTVEARSGNFYVQPHIPVDSKIRDGRYPF
DPRQLSYHDEPGMGNTLPDISLLPISPHSPMQPSLNGAPGLFMGSANNSSLDFYMRSLTS
PTMSILSQARGLSPRHSMQGRDGEKLQFYYGNNATGSSNAATSVGSNGAIQSANTVQNG
Q
TQNALNTMAYYQLAQQQSLLAAVANAGVDRSLGMSLDRNGDMSRLSSPFYIRSRQGQKR
A

LSISPSHSDISIDLMIRTSPNSLLPFTGSVGNSRNSSIGSAGSYGHLSARGISPQMGFNT
RLASPMHTQLLTSRLAAASAGFSPGSFTHMPAPAAPMHPQMTRPQNHFHPQHQITHQDIG
HRPNQVPLARMPDGVNKTESQHHYDHGLIKTEPHSPAVNSAMRMTGPSQPRNADETETV
Y
ETNCGWESCHREFDTQEQLVHHINNDHIHGEKKEFVCRWKDCARDQKPFKAQYMLVVHM
R
RHTGEKPHKCTFEGCSKAYSRLENLKTHLRSHTGEKPYVCEYPGCSKAFSNASDRAKHQN




RTHSNEKPYVCRIPNCTKRYTDPSSLRKHVKTVHGPDAHVTKRMKAEREREEAKKMEDDR
TVKQEADSVRKDEKDQNNNNQPPGQGCNPISPGSQNGAGDTNGPGNLNPRSNQSTCTS
GS
DMSTTPQNSPHAHHPYNNNDSGVELNAGYGHDHDSDGDIVVDENPLPDSTSGGVGLQSR
R

RTSLRQNIIPRMVNQKMQSLSIGNAGMNPPGIGTDALGEYILPSFPNPKTERGSNHSPYP
HFPQQGSGDGTNEVSSTTLINAQNHARPPSKPSHHSKTLPGGLAPMNRHMTLLAPDRRDS
GTSSGHPSRKPSAVSNASRRSSQNTNQVLVNGSYDPISLGSSRKSSGISVAPGNSGAASS
PMLPSLNPYTLHRLTSKFNEVTGRPPPTPLDRDTYTRSQIGKWLQEDAVARSNAQHTGNT
SYHTSMAPPMAPPPHHHNSSATPNRRRSDAPFNRATRTPLPQEISGNANRRASDPVRKTS
QQQFDQNRPSNVQRYYSWNNMNPLPGIRNYHNADKQIPTGPPGMQGYNNFLSAGNLNVA
R
QRSDSNGSFFSSESGYQSNGSNMALNNAGDYQASPMANVESQPYFNSRHASQQGYHNM
PG
VNENILQENLNADIMSGVNGMYPQNNSHACPPNSVMPGGPQRPFSNHPHIQHNPAITDHY
QRGASSTSYHQILQHPEQTAFPNADPPISHPNYRPNDQYRQMQPRPPASAQGQHHFVHP
A
QTFYPANQNGPYSNSNVVPRPPSSHNSGNSGVNRMRASRMRNPNFRAQPSAGGNPQAG
NV
PVNFVPDAEIPDTYLQQEFIDSIPPLHVSGSFDDSNKNRSSMKMPADSTTGPDGPDNGEP
ELRKPVTEIEDNFDAMSGTTNTDVTLPSMSGLSTRLATPTLQKPYNASLQQQEINEQMAL
QDCWDTNPSSNMALNSMSSMLRTLEEEDKFLQMMPH

#Bs_Gli002

>Bot _trin2_114258 c0_seq3

MTASLLSAIADADMNHDNSAHYVSDKSEVAFLDYN
TDTGDPSRSSADSGINSSYDFQQTYQPSAEHVMQSGYSHIPEHTMASHDNDMCDIDGQGF
VGYHQRNECSSTCTANDSPGQTLFVMSPMMQQQGQCTFVAPSIRVLPETPCPSSQGPTP
Vv
PPCSAKSPFASVASPRNQLQERFSKLRMEQNQTPNANTKTQYKASRSEQQNEASHIGNIQ
EDSKDAGIDYNTVDPHTATDRNGGNTVSVKSEHADPYPFHQSGMRQHHSTDFTQQDYIPA
PTDKTPSYSRTNSCNSLFSHQSTYVLGVPPAYSAQSNSLNPYRVLPPVTPQQSSDDHFQP
PGSAMSTFSNLSGLLSGYSPGGSDFAGSPRNSGKSRGLTSQARKRTLSVSPFSIDGIEIT
TLIRNSPTSLFLTSRGPSPANGDSLPSYGGTYGHLSARKSISPSAASTFSQRLLLATPVS
PNITQNTKQNDSSGRHYLSVHELHSRTHNPFVASTDDYLSNAYVNVPQHHGHRNQYSRTN
RYGPPETQQTHIVSQSPSMLVVASHEDNIAHENSFYEEQYPTNYNPNMVKTEVNTSGYNE
FPVHSHTVPPSFLPRHQHSQRDYNYQANYPPTSNPPPFPYSPGKMEHTAVQLPTSQPHQ
M

THITIPHNSDASGSYHDEKDAQHTSALLSETGIPICRWVNCNQAFKTLEDLVKHIEKNHI
DQRKGEEFICYWNGCPRKCKPFNARYKLVIHMRVHSGERPNKCSFEGCTKAFSRLENLKI
HMRSHTGERPYVCGKDGCEKAFSNSSDRAKHQRTHQDRKPYACEIPGCNKRYTDPSSLR
K
HIKSHAHMKKRKNEPDLVSCMTIHPLTVRQDAYSTDRHVKMEKSTLPPAPQSNHLTQHLG
AMPQAIHRSAHGNHNSELSRHYDAEQHSNRHMMETNRQEQTLQQLMPPPTGPPLVRRQV
N
ARSGMHPTSAGRSVSSQSPMMVDSRMDLGSRPEYYSLSRASNNRDMIGGFGQAPMEGF
QP




QPPPRPPTSGSYRYERNASITPNRLLHPNYQIGHSHLGGHYQQSYTPRALSARSDMSVDA
VSDHMLPGTPYSMTLDVDRKAYNAVDRSPSQMSLIYADGPR-

#Bs_Zic-r.a

>Bot_trin2_108071_c0_seq?2

MKESTEN
DGNPLVIHENQLQQSVYPVCHQAYPTFYECPYPTTANCNSNNNNNSTANQQCFYPYAQFQ
QKVPALDLTQPTQSYAQQQYYDGRYRDNASTMLPYAGLSNYRRFRSEDFVPVTSDEVIYD
ATYSSSPLAGPYQESQASFAIGFHSASHNCNYKFSHNCRVENSHSLADIYPYVLPQTMTP
QVDTGYEEFVCKWRTRVSDCKSSGPERQQTCNAMLWTQLDLVNHINTNHVGGPEQADHS
C
YWENCSRRRKTFKAKYKLVNHMRVHTGEKPFACPFPNCGKMFARSENLKIHKRIHTGERP
FGCPHPGCDRRFANSSDRKKHSHVHTSDKPYTCKVAGCDKTYTHPSSLRKHMRLHEEKG
D

MIPFAGTSSPDSELSDANSSKSGPDTFCQSRDGRRTVTCSQASTRIVSVSPFIGEQTISP
KQEFIHSPYPLCYPADHPIELHKEGVIRQWPQTSASPSDDWYYYQSQKLGGMPTPPSDDR
DAPKDFR

Cr_Gli001 KH2012:KH.C7.334.v1.A.SL1-1

Cr_Glio02 KH2012:KH.C5.53.v1.A.ND1-1

Hr_GIi001 Harore.CG.MTP2014.526.904635.01.p

Hr_Gli002 Harore.CG.MTP2014.576.907624.01.p

Mo_Gli001 Moocci.CG.ELv1_2.S315764.908156.01.p

Pm_GIli001 phmamm.CG.MTP2014.S516.9g09647.01.p

Mm_Gli001  |AAC09169.1 zinc finger transcription factor GLI [Mus musculus]

Bf_Gli001 CAB96572.1 AmphiGli protein, partial [Branchiostoma floridae]

Dm_cuint NP_001245402.1 cubitus interruptus, isoform B [Drosophila melanogaster]

POU

#Bs Pou3

>Bot _trin2_ 137286 c0 _seq1

MLSQVPNGELAYGSPLQDGCG
KYSSHSEVGKCRNKTRIHENPHMPNHSPVMSYSTPGLSTYACLDSQPPIRSDTSQEQESF
TKISDEHYRPYPNGYQFSNHCYQFNQSGYHRALPIPSLQEQLYSVHDSPRQRIPSRSPHT
SQVTEDFVIKESPAYTNDANVQSWHSFVHSAREISESSRLNTTSNAGCYPIANSVCASDK
AGCVYSYQNQPGQYPYCYSRNYYPASTNLOQNRTWNPRPIDLSLKQDHCDGYGEMDYQPT
H
FTSYSPLRIDERNLLSDERTLNKLPCDDMSLNGWTEEDMRQFSKVFKHRRTKLGYTQSDV
GTSLGELYGSVFSQTTICRFEAQQLSLKNMCKLRPLLSRWLQHKDNKHETLTPDIDQIDS
ENGPGRKRKKRTSIEAEVKAVLEKHFKLKPKPMTQEIVSIAEQLSLEKEVVRIWFCNRRQ
KEKKVNEQVMRSQNPT




#Bs Pou4

>Bot_trin2_112211_c0_seq4
MPFHSTASMAVSSSSSPLENNSHHHNAIGCSSTSITHADIPPGDL
TAEPRELEAFAERFKQRRIKLGVTQCDVGQALAKLKINGVTSLSQSTICRFESLTLSHNN
MVALKPILTTWLELAEEEYRRKMEQSGLAEKKRKRTSIAAPEKRSLEAYFLVQPRPSSEK
IAAIAEKLDLKKNVVRVWFCNQRQKQKRMKFSAFNGENGGM

#Bs Pou4b

>Bot_trin2_112211_c0_seq1

MYSSMLAQQHHHHQPGSPAIGSIANTSNGSPAPEQKY
APLHNAADAMRRHCMPSPVAYSGNLFAGFDESFLARAEALAAVDYTAKSQFKPEPPVTSY
YSMGPPPPHHMPPQTHHHHHHHGMSMAAGAVPNPIY GAMPPPPPPPGIHHPSPLHSVPQ
C

VTQGSLNITDSGVDLMEQLSNPSHCSSFSSYAPTSFSTPPGIIHISEAPTYNSQPSMPFH
STASMAVSSSSSPLENNSHHHNAIGCSSTSITHADIPPGDLTAEPRELEAFAERFKQRRI
KLGVTQCDVGQALAKLKINGVTSLSQSTICRFESLTLSHNNMVALKPILTTWLELAEEEY
RRKMEQSGLAEKKRKRTSIAAPEKRSLEAYFLVQPRPSSEKIAAIAEKLDLKKNVVRVWF
CNQRQKQKRMKFSAFNGENGGM

Mo_Pou4 Moocul.CG.ELv1_2.S117415.g13959.01.p

Pm_Pou4 phmamm.CG.MTP2014.5453.g08914.01.p

Hr_Pou3 Harore.CG.MTP2014.551.9g14448.01.p

Od_Pou3 AAW?23073.1 POU3 [Oikopleura dioica]

Ci_Pou41 NP_001027972.1 POU domain, class 4, transcription factor [Ciona

intestinalis]

Od_Pou31 AAT47873.1 brain-specific homeobox/POU domain protein 3 [Oikopleura
dioical

Sk_Pou NP_001161509.1 BRN3 transcription factor [Saccoglossus kowalevskii]

Hs Brn3 CAA50589.1 Brn-3b [Homo sapiens]

Ci_Pou6 BAE06650.1 transcription factor protein [Ciona intestinalis]

Ci_Pou2 KH2012:KH.C4.85.v1.A.ND1-1

Ci_Pou4 KH2012:KH.C2.42.v1.A.SL1-1

Cs_Pou2 Cisavi.CG.ENS81.R41.1314919-1326878.12152.p

Cs_Pou4 Cisavi.CG.ENS81.R19.4764818-4767613.19272.p

Hs Pou3 NP_006227.1 POU domain, class 3, transcription factor 3 [Homo sapiens]

Bf Pou3 AAL85498.1 transcription factor AmphiBrn1/2/4 [Branchiostoma floridae]

Bj_pou4 BAQ21920.1 pou4, partial [Branchiostoma japonicum]

Hc_Pou4 AAB62538.1 class IV POU protein [Herdmania curvata]




Hox

#Bs Nr006

>Bot trin2_108737 _c0_seq8
MTESTDTPRAYLGTTFAPNLTSDQSYRTYEAAAETVVYQPSVMP
PAVQAPYYYQYSYQSPSVPGTLGSPVTSYFPHHPEYGTYHHGMEWNHVPVHDQNGDRN
MD
TVATEEHNAASVPQDSIVLPVVDKPDYLHDHEITRSKDSTYDVRYRDSAVACKLSSLKQE
KTSDIDSHEDPDKFSSPERVQVPSQHNPAPVTETTWSAQPGFHDHGLPVRNQHELSPTVT
HPTNVALEGSQSEDLMHRELSATNSHARFGGSLELSPRATPQIPAANFGFPHPLPVNSYS
YPNYQSNDYIRYGYAPSLQQTYGSYSEGYYETTRADADAKLRMSVQHKTKPVSAQPDSTA
QTKPHKKIRTSFTKDQVQQLEDDFLRNNYLTRLRRYELAMKLNLSERQIKVWFQNRRMKW
KRQSVVAHHSHGSQDKVSPMSNSRSVESLSADESNPVIYQQSLLTKPDYANGYTTRHDCR
PVTYKTTNQSASTMADSCFLRKHEDSTFLPNLQEIGTGVTVISSATHSDTAVTYPDSETT
NATLSVAGSRHDMASMVGMSRADMRQDYLSIVKANHARSNAHSTKSHEDATQLLYASEES
ERVRNGATSSAIPANVDLNDIKPPNLQAVTENSSQMNIIPGINEIDNQR

#Bs Nr005

>Bot _trin2_99455 c0 seq1

MLSARNK
HLGVGISSRLQNELGRNARIDTDVVGMNKNEMDSTLEVPRSNGNMMISPLLMKRFMTRQA
ELDSSIRSSSRCSTASPSMRDHGRMSSTPQSSSDNDESLVEVCSTEQYTRSKGSAFRIDA
ILSENTESLKQSPPSKQFQETERMHSTHAYAASPLAGTSTIRSRRARRQHGTNVKIEARE
TDSVQSSSSCSSTENTADPTNLGSRDCGHDNLGSPERIGSEKESPRHTRDFKAENPECCD
GKSVQNRNYVSCGPYPMNPFAFMAMMSMGRENTSKISRDFDRMSSAASESRESIHQSLN
G
QYSLPGAFSCGPNALFPRHHVAVNPHPSQPFVPIQAVNAFATNPRFFDGIGPHLPALDLM
RGGSFLHGFGDYPGHIHPGFFNNKARRPRTAFTSQQLLELESQFKQNKYLTRPRRYEVAR
DLCLTETQVKIWFQNRRMKWKRSKAEREERHKESLTSTS-

#Bs_Nr004

>Bot_trin2_54769 c0 seq1
MTYRKRVLCLMVKFYCGRVYREEYRQHICKRDVHHRRKLLLLKMSVNNKDSDYS
RYAYRDCEIGDYFSSSQTSASSSLINTPGGNFSDYARQGNEKSTYGSNSWLSNSLLTTEH
FGHRPGHGNLVSSNLDLQDRIGSNPCCLPQVETNQEISNKKHTEFAPTPNYNTMRNSSQE
HSLQDSEIRNGSNPGSTINSFPWMNMTAGKDTAIYPWMRRIHTKPNQTTDQLKRPRTAYT
RFQTLELEKEFHFNQYLTRRRRIEIAQDLSLTERQIKIWFQNRRMKWKKSNTLRPSQRYD
ATFDPHL

#Bs Nr003

>Bot_trin2_84483 c0_seq1

MCDHVSLKYSSMPAIESHPYYMGHVKSWPAEKQPNDSEY
ASFRPDAGIWNNHPYAQHDKTPNLEYTTRVVPEQEAPFDFSTPYQEFPGGVGRAVTGQRF
SKFPQNAHHVPKGEPIAVDSYSFADSFWDSNRERYISPSGYSNGYIPTNSYGSIPVYGQT
QPPFKSQHSPPFEYTTGPFRNDANRNRSTETDDTESSCDADAKDKALKFPWMKTTKSHHY
EWKAQWQQAMGMTSPFYPEVEENKRTRTAYARWQLLELEKEFHFSRYISRPRRIELAAML




SLTERHIKIWFQNRRMKWKKD

#Bs_Nr002

Bot_trin2_106698 c0 seq2

MAALHEDVAVTSLPQPFGVEMNVATAVSADSC
PNVAETLTPLRAQNQNSSNSNYLQGMQNMLRSHQEDLSGLENLNTSAMPGPTGDFFQTG
D
SEFNGVNDRLVKSELRNGGTNIYGKNGMDGMVSIGDHEGKLGKCMKSKGESPPTVYPWM
K

RIHASHVFNSGAEQGKRPRTAYTRHQVLELEKEFHFNRYLTRRRRIEIAHSLCLTERQVK
IWFQNRRMKWKKDNKLPNTKSRVLQGSGMSGSFDQNISPTLSSPSNDGIPMHSRSPMNS
M
MHGNSHSPEHRTINGYESRGPASRPLPENYFGGYDVTAASQHQPQRRTFVNSAVERMLN
G
SPGFFYQRQSDFGSGKPDGGAVGPFQGKFDPLDSQSPTSMLHRSLMSFTSPPTATVGWP
D

QLTSPGFQLRQPSLPPAYMGQGVPINTLPYHLSTYQ

#Bs Nr001

Bot_trin2_114311_c0_seq3d

MTSVRETGFINSQPSLAECFNLGPKENSLSRSREFPISTSTSS
ASQRAEKFRSVDRSDCSLAKRRSEIEDFTHHPERCVMQKLPSPPIVSCATMSGDTVQEYQ
RWDSFTSHCKINSPDAIPTGVGLMSRMRSQSQYNASNGRSSYVKQDHKPEMQGYPYPHP
H
HRFDVAGEMPIPMDLQPVPRDIMNGLNQIPHDNGYNDRVHGYPHNLDRQMHHIPSDVAPT
LLPQGHCVPDLQRWRDGSSNAMTSMYDRAMVNNFGNYDPHQSPAMIPNYMTTPHPDYP
WMREKKAGKKHQETRRVRPPGTSRRLRTAYTNTQLLELEKEFHFNKYLCRPRRIEIATLLDL
TERQVKVWFQNRRMKHKRQQQQNKHDDQKAGDESANSEEEVNSDSDEDDGKSKGGTTS
SDNDSQSTGSSATKPVKSGKKKSKDSKPKSRQSEGNQTLEGVDHDQDLANCSDKENGSD
SGl
HSDCKLDKSVDTKTAKELPAAKQWRVNEDEALLDETDSDRIHTLTRSVSEEKPTDVTSSP
EHAQLAQNKMAGQPVDYGSTAHENDTIAESLKDPINFHPLTSSPSLRSALVQPKGPGSGNV
KPTSDNANDKYPFASYHGPSKSHSDASVAIPPQRRYSERNDMARNRGQPQKPPITVDRSF
SVPSVSPYETHRNGMHSPNRYQANDSRNAPPARYPAHDTQQYMPETQVYPNTQGQSPD
LA
FHAGGQSHGFLAFGQRPGVNPAQLRTAGQNPATPAIDGQRSVYSSDSPSSQGNFKPPSG
D
FYPNVRHADRDYLNHHEHRYGHDRWPHAKQDATLEYEARFSAPYSHMNDHYRNYGSSHV
K

AGHDFALGGAMEPFRDADLVNQPYKLQSKPFAKVGIAQTAGLLNSTQKVLDM

#Bs-Hox10

Bot_trin2_111932_c0_seq2
MPGGVYPGESQYQLQVSSGYNQSTDKDSGHGVSNHMSQSAIATMSTNNLP
PAEHSSKISSTPEDLNRHSLPLPDYQNSFGHQLMKDRASMQLPDYQQFGNGQPIDVGMNG
THMFNRVDIEHNPSPVSDKKFSYSTLTTKPKKQNGQYVQQLAGDDPPCYGQRVKAEFLSA




DVFSPRSSASDASSCDRRMMTSSSVDSLSTDKSPAKRDALEYDVDAPYQDKGEKKSEDE
D
PTKHWLTANGRKKRVPYTKYQLLELEKEFHYNQYLSRERRQEVAKAVTLSDRQVKIWFQN
RRMKWKKEKKEEKVRDGISLPPPPHILHPHNHGNPMHQAHFSPLTHYSGTAAAFAAAASM
GHHHHHPSAGGIGTHHHPHFNGSISGHNGPPSHFQHPSYSTPHSAMPGSMAAVAAADFF
S

SFQHHHGYQVPRDPSGGLQLGCMYN

#Bs-Hox3

Bot_trin2_111400_c0_seq1

MSFPAIQPLESGSFELNHDLDSGANIQSAFSGRDFYCRRH
DALRNEISDDEVAFTRRCNEIKFESTGNGNFPNGLSPLYSDVTDTSGELIENNIGPGNGT
KSDKVIDFSCYGMSQSNSFFADDMPSQSTALNSVEKSLHGNLESSIPISLRSAEPDRHFI
EKYLGDLRNVNGKENVVTSRQNKPLSAIANDLKCRDDNDHYVPQHETQTRFERPYLGEQL
SRNPDQTTHSSESRDRVENDEVKGKKNGGETRPRTSEASGLVEQAEFRHPQANFQQRFL
N
HKLRRSEHAAKSNVEQRGSMLIVADAQNGDSAEDSFLACDDLQASCGGKVISAKSSPTAQ
RASEYMSPDSHTDISQRSSERSHYRGEMQSHREAKDNTVEGYSPTRGRLINGRTGVAVND
KSKVSQAANLFPTGTGSVEKHGHERRDSRDSGSSKSTEKDTMVECHQNGDTPEMGEGLD
E
SSPVSKHIYPWMKETRQNAKRKQSTSSNSSNGGDKSSKRERTAYTNAQLVELEKEFHFNR
YLCRPRRIEMAQMLNLTERQIKIWFQNRRMKYKKDQKLKVVPMARDDGFFHQHHHNPNMA
TDPLMSRNNDHRHYVGGGHFHPGDGSYRPLPTEGPGSTPGCSSGSRCYHSHRQHGSHV
SQ
DAGLPNTHMMPHGAAHSFESMSKSYPGPTHKGRLTSPSSVSSNGTLSPGNGQSSNFTPDI
GARSASSSGSEAQNMGQSTRGGYMPSSISPHQTPVEDDAGMLREKTARAQTQALARVAS
R
PSGYDSLFHDNGFPAFQNQIDDLAARKPQGNAAQITAPRAPAYGNFSSVYDRAKELAAAS
NFNTGRYGQFHNPLESLSDCVQRSPGEIQDRARHFAGHGHPPADVFAGSFASGHCGPAR
L

ERRVERTPLDFSRSKSSSPRMQMNDVYMNNRLTHL*

#Bs_Hox1

Bot_trin2 97118 c0 _seq1
MSSFMEYPVCSGDPYAVRPPANMMYNPVDGISSFNIKRTISSEDSIDTTS
PMYSCVMHDSSALRKATDENMTQLETNGEQTYTSLSHQLSIYELQQQHYQARDAPGPQTA
TPSPNSSSPPVSESYSHPSPQQTPLSPPTYPQITNTTTYSTNLMGTYANGYAYNPPLKTD
PASSSLYSLNPTSPYPTSPNQPGPPQNSYSSCNPIVYSGNLHATSYPMHAQYPPCPMPIN
GHHSGLDTSIVGYFHSGNTQRRSPHDYGERDKLDNAASTNSDLANTYDWMKIKRNPPKTT
FYNHGKMDPYGYVNQVGNGRTNFSTKQLTELEKEFHYNKYLTRARRHEIADSLSLNETQV
KIWFQNRRMKQKKRDKEAEKILKANATQLQPVKIAPDEFCANDNVNCDKKTIASEKQDSG
TASSRKPDKSDAYASFDTPPKKCQRQSPSGFSPSSSLSNSSSPDRATQRHPTAGNETATR
IYEDSKSNLSELTVPVRSYSNNSLLATTL*

Cr_Nr001 KH2012:KH.S765.3.v1.A.SL1-1

Cr_Nr002 KH2012:KH.L171.16.v1.A.SL1-1




Cr_Nr003

KH2012:KH.C1.1098.v1.B.SL2-1

Cr_Nr004 KH2012:KH.C1.959.v1.A.SL2-1

Cr_Nr005 KH2012:KH.S765.3.v1.A.SL2-1

Cr_Nr006 KH2012:KH.L132.17.v1.A.SL1-1

Cr_Nr007 KH2012:KH.C1.38.v1.A.ND1-1

Cr_Nr008 KH2012:KH.C2.917.v1.A.ND1-1

Cr_Nr009 KH2012:KH.C14.554.v1.A.ND1-1
Cr_Nr010 KH2012:KH.C8.511.v1.A.ND1-1

Cr_Nr011 KH2012:KH.C2.957.v1.A.nonSL1-1
Cr_Nr012 KH2012:KH.C1.922.v1.A.ND1-1

Hr_Nr001 BAD52255.1 homeo domain transcription factor Not [Halocynthia roretzi]
Hr_Nr002 Harore.CG.MTP2014.526.909261.01.p
Hr_Nr003 Harore.CG.MTP2014.511.g04683.01.p
Hr_Nr006 Harore.CG.MTP2014.526.915504.01.p
Hr_Nr005 Harore.CG.MTP2014.5327.9g04987.01.p
Hr _Nr007 Harore.CG.MTP2014.51.g00959.01.p
Hr_Nr009 Harore.CG.MTP2014.5151.9g05226.01.p
Bf_NOTO_lik |XP_002601133.1 notochord homeobox-like protein [Branchiostoma floridae]
e

Od_Nr001 AAT47829.1 Hox4.1 [Oikopleura dioica]
Pm_Nr001 phmamm.CG.MTP2014.5288.906741.01.p
Pm_Nr002 phmamm.CG.MTP2014.5288.9g06745.01.p
Pm_Nr003 phmamm.CG.MTP2014.S1196.9g14047.01.p
Pm_Nr004 phmamm.CG.MTP2014.54.g00163.01.p
Pm_Nr005 phmamm.CG.MTP2014.5245.g06061.01.p
Pm_Nr006 phmamm.CG.MTP2014.5245.g06060.01.p
Pm_Nr007 phmamm.CG.MTP2014.5288.9g06741.01.p
Pm_Nr008 phmamm.CG.MTP2014.5245.9g06059.01.p
Pm_Nr009 phmamm.CG.MTP2014.5486.9g09313.01.p
Mo_Nr001 Moocci.CG.ELv1_2.S647652.9g29801.01.p
Mo_Nr002 Moocci.CG.ELv1_2.5269453.9g06393.01.p
Mo_Nr003 Moocci.CG.ELv1_2.5456844.914957.01.p




Mo_Nr004 Moocci.CG.ELv1_2.S84862.9g01155.01.p

Mo_Nr005 Moocci.CG.ELv1_2.S581361.g23190.01.p

Mo_Nr006 Moocci.CG.ELv1_2.S269453.906390.01.p

Bf _Nr001 ABX39493.1 AmphiHox9 [Branchiostoma floridae]

Bf_Nr002 ABX39492.1 AmphiHox8 [Branchiostoma floridae]

Bf _Nr003 ABX39491.1 AmphiHox7 [Branchiostoma floridae]

Bf _Nr004 ABX39490.1 AmphiHox6 [Branchiostoma floridae]

Bl_Nr005 ACJ74385.1 Hox5 [Branchiostoma lanceolatum]

Bf _Nr006 AAF81909.1 homeodomain-containing protein Hox11, partial [Branchiostoma
floridae]

Bf _Nr007 AAF81905.1 homeodomain-containing protein Hox14, partial [Branchiostoma
floridae

Bf _Nr008 Bf _HO008-AAF81904.1 homeodomain-containing protein Hox13, partial
[Branchiostoma floridae]

Bf Nr009 AAF81903.1 homeodomain-containing protein Hox12, partial [Branchiostoma
floridae]

Bf_Nr010 BAA78620.2 AmphiHox1 [Branchiostoma floridae]

Bf Nr011 BAA78622.1 AmphiHox4 [Branchiostoma floridae]

Bf Nr012 BAA78621.1 AmphiHox2 [Branchiostoma floridae]

Bf Nr013 CAA48180.1 Amphihox3 [Branchiostoma floridae]

Bl _Nr014 ACJ74389.1 Hox10 [Branchiostoma lanceolatum]

Bb_MOX XP_019632267.1 PREDICTED: homeobox protein MOX-1-like
[Branchiostoma belcheri]

Pax

#BsPax37

>Bot_trin2_113268
MFSWEIRDQLIKDMLCDRASAPTVSAISRILRAKGCDTENETTEGDNGDAAASVSDTGS
NGSVEKAEPGDGAESEYGSEPDLPLKRKQRRSRTTFNATQLDDLERCFERTHYPDIYTRE

ELAQRTQLTEARVQVWFSNRRARWRKQMAAQQLPPLHAHHAHPHISHHFGPYHPSIAAAG
MSAHNYMLQAAAAAQQHQHSPTSSHHLPHHAHSVHYPPSSGHAHMGPATGAVTGSSFES
T
FPSPSSHDLSTVHRHALSSPLHHAHPYAQSAMRYDGAHDATFNAAAVGYSLVGASAAAAA
AARYQFSSSAFTSENYSPQMPGGHEQSAFNSASQPDSQLPSSEMASTEYGRHSSDSLSG
Q
RGLNLTSARNDDRSPAASSPNCHQRMNPGNIAHRDSRSASSVGASEKISRTVKNPAGSPS
SSNDARSAGINDPSYNQTTSGQIPHHQQTTNLISHRSEHVGGNANQPAVQGSDAQMAVGY




RARAGSDQTYTASAALAHGFPVGHDPNVPAAAHQYASHNPFASCQYSGYGQG
#BsPax258A

>Bot_trin2_112027_c0_seq1

MSCTWGPAMTAGHGTMNHPFARGMTPT
MSSLTSSRSGHGGINQLGGVYVNGRPLPDPVRQTIVDMAHQGVRPCDIARQLRVSHGCVS
KILARYYETGSIKPGIIGGSKPKVATPKVVDKICEYKRQNPTMFAWEIRDRLLLECICDS
ENVPSVSSINRIVRNKAAEKSKHSGLPPSLNIPTTAMSMHQNGCIMDGGDLRTPYSINGI
LGLHGHSQAGPMPLSVRMALPGTVPIPSANTPHHQSQHPQFAMKMAEVACTGNYHPPSP
T
HTSAIARSGTSLVKYPQHVKECDMTAVPTLGMIMPHQAQKRHILYHQDGTYDHGQLSVLS
RTAEEITSSGDDLHPQSQALPLSSRHNAIYGNHSRLVNTPQTISAEYSVAPSIRQSRPSS
LSPQHRYDLISNPSTIRGAPHGIEIKQEITNSTPISSIPNPVPISDSTGLEAGTQMNHYH
QSPQNCNDRSSPPKGRKTKSPPETTLTELKPSPAKHPNHYHDTSPLRPTHHAILPTIALR
TAASTYELSENARLTTTASRMMHDSTSNPQISSSPYTSLNVVRNDHGAYLQENSYGQFYS
VSSNYCENLFQSSHNHHHQQKPDHFAIPVTSSLPQKSHSEGAALSESTRAGCSPVHAVNS
SNDYRIRPQAETRGSYLLDATSSPGSMSMSSQHSPNGSSYESGNLHSYQNATATTHGLPA
GQYGDHGLQCPTYTSYGEHWRNAQIGIVKGVSPHSPEPSLMKPRLVYDLHAKSNERSVSVG
MISAQ

#BsPax258A

>Bot trin2_102851 c0 seq1
MSETSSEVAVSEAANSSETMKRPLENPENTPAAKLLKVSSDGEVIIEMVNDG
ELMELSKKSLQQESEDATSQDVVILQGEVAEEETVMTTDNASDDFSLDMIGDKHTQVQVV
VEQEVSDDNLILQQRTETRPKKQKRSLSNTATVAAPQGVNPAMMSNLLHTAAAVAASQNA
AAATVQVVPGQATGTIQLVPASEVQNTQTLMASGIAPQSLSPQTIGVGEDGKPQMIPQPT
NQPVFTYLVTSQGTLISAHSSDGTPLISPAESEKNTNKAKAEEGDDAGHGSGVNQLGGMY
VNGRPLPEPIRKRIVDLSHQGVRPCDISRQLRVSHGCVSKILARFYETGSIRPGVIGGSK
PKVATPPVVVKITEYKRENPTMFAWEIRDRLLSEGVCTPDSVPSVSSINRIVRSKTSDFM
KDNQHLTNQANMTSPLLSLKDKPQFQAMVQGMQASDNQREPDSMQQYISIEMVPSSAFG
Q
GADNTVQAAVSQTSASVASQVVSAASLSLPPPPVVPSAQGAKNVQALPQQIFANLSPQQQ
FDLLKKVSISETIVTSQKDDANAGANQSVSSEQIVTVQGQNLTPLTTQQQEQVVMQLKDL
NKLLTNVSNTVDQEQAAAAKNADLSSGAQLQITRADGQQSFITVSQQQLQQALTEQGIVLQ
RASPEKTKPDDTNAEESASHDDSEKNARAAGHAQSIAEQEQDILKAIQNSVLVKPEPMDP
AEGQESSAVSQLLLAAQQQQALQQANKQVGGNGAEDDTRMLTAATLADVQNSASSIALTNS
NNSNSAQQQILSASPNVLASLQQQLAGLQQQQAMMQQHPARAGTAQAQQDQAGIVHILS
A
AAQIQQQAGPNANSNNNNSLQRQLTVAQMLSAAGQSAKTGTELQPVGTLLSQLRPVSIQN
SSTIGAADSVSSSVATTLPPLALPSATTATQQVPQIGASSTNTSQPFNTIYNQAWKLATN
GQRVGGEVTVVSDSASKVACAISERD

#BsPax19

>Bot_trin2_110969 c0 seq1
MIQSPTQSQPVTFSSPHPGPPGMVSIMQTSGTICRTEQTFGEVNQLGGVFVNGRPLPNAIR
LRIVELAQLGIRPCDISRQLRVSHGCVSKILARYNETGSILPGAIGGSKPRVTTPSVVNA
IKDYKVRDPGIFAWEIRDRLLSDCICDKYNVPSVSSISRILRNKIGNVLHPNNPLNPNYP
ASCQENMIKDVSPPPGVHHQGVYSNAASAMYTPYMLQPGSKPHPLPPSVPGPASFRHPA
\

PYPMYCHSVNEILGFPRFDQPHISVPSSTGTLQSIDGHYGNLNDVTGPHDISNNMSTKIE




EWAKVPAYGVTPPAQATSVNINGTSTNGDKNHPSMSPNNHDHQQQPQNYSENTDTTYAS
P
PPSSIPQSTAYPNGHSYMSHQYSASMNGWRHDSVKSGRSFSSSPNTVNHLTMPLAPSHQ
H
QSQMYPPIQTISMPSQSLAPQQMSIYPKYQGSLSHGNESKCVSMTKSPGHPHPTVSAMTA
VNAS

#BsPax6

>Bot_trin2_186131_c0_seq1

MATHQGYNQESVMPPHISSYQVPYSSAVALYGISNKE
SCEATGHSGVNQLGGAFVNGRPLPGDTRQRIVKLAHEGHRPCDISRLLQVSNGCVSKILA
RYVLAFTAGPYDFSTIVCRISVTAATAK

Cr_Nr001 KH2012:KH.C10.150.v1.A.SL1-1

Cr_Nr002 KH2012:KH.C9.68.v1.A.ND1-1

Cr_Nr003 KH2012:KH.C12.116.v1.A.ND4-1

Cr_Nr004 KH2012:KH.C11.488.v1.A.nonSL5-1

Cr_Nr005 KH2012:KH.C10.150.v1.A.SL1-1

Hr_Nr001 Harore.CG.MTP2014.5558.907589.01.p

Hr_Nr002 Harore.CG.MTP2014.5142.g11549.01.p

Hr_Nr003 Harore.CG.MTP2014.5169.g05511.01.p

Hr_Nr004 Harore.CG.MTP2014.5133.904597.01.p

Mo_Nr001 Moocul.CG.ELv1_2.5110138.9g11515.01.p

Mo_Nr002 Moocul.CG.ELv1_2.5118792.g14053.01.p

Mo_Nr003 Moocul.CG.ELv1_2.544711.902365.01.p

Mo_Nr004  |Moocul.CG.ELv1_2.S115052.913842.01.p

Mo_Nr005  |Moocul.CG.ELv1_2.895411.g07942.01.p

Pm_Nr001  |phmamm.CG.MTP2014.S25.901019.01.p

Pm_Nr002 phmamm.CG.MTP2014.5649.g10911.01.p

Pm_Nr003  |phmamm.CG.MTP2014.S208.g05384.01.p

Pm_Nr004  |phmamm.CG.MTP2014.S491.g09372.01.p

Pm_Nr005 phmamm.CG.MTP2014.521.9g00870.01.p

MmPax1 CAB38370.1 Pax1 protein [Mus musculus]
MmPax2 AAI50485.1 Pax2 protein [Mus musculus]

MmPax3 AAH48699.1 Pax3 protein [Mus musculus]
MmPax4 BAA24517.1 Pax4 [Mus musculus]

MmPax5 EDL02420.1 paired box gene 5 [Mus musculus]




MmPax6 AAH36957.1 Pax6 protein [Mus musculus]

MmPax7 AAG16663.3 paired box transcription factor PAX7 [Mus musculus]

MmPax8 CAA40725.1 Pax8 [Mus musculus]

MmPax9 NP_035171.1 paired box protein Pax-9 [Mus musculus]
Bf Pax1 AAA81364.1 AmphiPax-1 [Branchiostoma floridae]

Bf Pax6 CAA11368.1 Pax6 [Branchiostoma floridae]

Bf Pax37 EEN66816.1 paired box protein [Branchiostoma floridae]

Bf Pax258 EEN69749.1 paired box protein [Branchiostoma floridae]

Pd_Pax258 |AGC12568.1 Pax258 [Platynereis dumerilii]

Pd_Pax6 CAJ40659.1 Pax6 protein [Platynereis dumerilii]

Hau 258 AFD97529.1 Hau-Pax2/5/8 [Helobdella sp. MS-2000]

Hau_ Pax6 ABNO09915.2 paired box 6A transcription factor [Helobdella sp. MS-2000]

Hau_37A ABI17942.1 Pax 3/7A [Helobdella sp. MS-2000]

Hau_ 37B ABL74454 .1 Pax 3/7B, partial [Helobdella sp. MS-2000]

Cw_PaxA BAF56224.1 Pax-A [Coeloplana willeyi]

Zic

#Bs_Zic-r.a

>Bot_trin2_108071_c0_seq?2
MKESTENDGNPLVIHENQLQQSVYPVCHQAYPTFYECPYPTTANCNSNNNNNSTANQQCF
YPYAQFQQKV
PALDLTQPTQSYAQQQYYDGRYRDNASTMLPYAGLSNYRRFRSEDFVPVTSDEVIYDATY
SSSPLAGPYQ
ESQASFAIGFHSASHNCNYKFSHNCRVENSHSLADIYPYVLPQTMTPQVDTGYEEFVCKW
RTRVSDCKSS
GPERQQTCNAMLWTQLDLVNHINTNHVGGPEQADHSCYWENCSRRRKTFKAKYKLVNHM
RVHTGEKPFAC
PFPNCGKMFARSENLKIHKRIHTGERPFGCPHPGCDRRFANSSDRKKHSHVHTSDKPYTC
KVAGCDKTYT
HPSSLRKHMRLHEEKGDMIPFAGTSSPDSELSDANSSKSGPDTFCQSRDGRRTVTCSQAS
TRIVSVSPFI
GEQTISPKQEFIHSPYPLCYPADHPIELHKEGVIRQWPQTSASPSDDWYYYQSQKLGGMPT
PPSDDRDAP

KDFR*

#Bs_ZicL

>Bot_trin2_143376_c0_seq1
MSYALGYEPKDDEKEEGENEEAGKQRNPGSVPHQIRHPMHHQQQQVG




FPNGYPQGYHQEPAQVQYAQNWHGYQGPPAVYHQHQNMMPYQMPQRFGHLMQHCQQ
APVRIQPLVCLWVPSKDRENGAPCKHTFGCIRDLVEHISNEHVRGHDHTDHSCYWKTCTR
EKGF
HAKYKLVNHIRIHTGERPFICTNKTCGKRFARSENLKIHLRIHSGKKPFGCPAKGCERFF
ANSSDRKKHSYTHLNTKPYSCKRCGKKYSHPSSLRKHEKSHNSKQQSRNQTTDGCDSSG
Q

SPVSSIGADESLPMTSTPVTRPAETQPISQQPIPADVGYAIPQSNIELSSMSAVSQHNVD
CGIVTNPPMDMPGYIGQQSENLPQFHPQQIFRQTPPPIQSAVQNAHYPHILQQEVQDTDF
GNYPVSNPGQASAHNVQHHQHANMMANSPQGCMEHPYQPIFQNGGNECFGGENPFFDA
EN

QVVEFHQNIPGDAADHY XXXXXXX

Mm_Zic1 NM_009573.3
Mm_Zic2 NM_009574.3
Mm_Zic3 AAH80734.1
Mm_Zic4 NP_033602.2
Mm_Zic5 NP_075363.1
Bf Zic CAB96573.1
Cs_Macho BAB68349.1
Pm_Macho |ACH56519.1
Hr_Macho BAB19958.1
Mt_Macho BAE54349.1
Hr_Zic BAC23063.1
Mt_Zic BAE54350.1
Pm_ZicL phmamm.CG.MTP2014.5216.9g05538.01.p
Cs_ZiclLb BAB68357.1
Cs_ZicL BAB68356.1
Mm_Gili AAC09169.1
Ebf/COE

#EDbf

>Bot _trin2_108641 c0 _seq2
MAMIVPDFGSDMTSALRDQPMLPITGWMQTNLVEPIHMPQPGILRIHRAEFSIQP
PKNLRKSNFFNFSLLFYDNRGLPARATKTEFKNFVEEASSEHCSGTEKANNGVHYEITFI
LSNGVSVLQDIYVRLVDAANRERIICYEGQDKNPEMRRVLLTHEIMCSRCCDHKSCGNRN
ETPSDPTFDKGQGPYDIKFFLKCNQNCLKNAGNPRDMRRFAVAISTDVDMKFPLAYSETM
FVHNNSKHGRRAKTDLENGKRSSGPCITSVCPSEGWVTGGTTVIIVGNNFTRDMQVAFDT




TIVFTEFVSEHALKIQSPGYHLTGPVEVTITIKNKQYCKNQPGRFTYTALNEPSIEYGFQ
RLMKMIPRHQADPLQISKEMILTRAAELLEAFSVRPYSQLQSAPPPPLQONSFTSTSSTMM
ASAMGGYNVPNQYAPFAAQDRMDSNGYSPHAGPQHSSNISLSSIGAVTNAPPYGSPVNG
Y
VGPPTFTNMTNSSANMFCNAGLLPQSPNPAMNCLSGSGTTPGIFSFSPANMISAVKQKSA
FAPVIRAHNTPSPNHSGVSETTIHEINGYT*

Ci_COE NP_001072030.1 transcription factor protein [Ciona intestinalis]

Cs_COE Cisavi.CG.ENS81.R5.521849-529571.00806.p

Mo_COE Moocul.CG.ELv1_2.578092.905653.01.p

Pm_COE phmamm.CG.MTP2014.5906.912706.02.p

Mm_COEA1 NP_001277638.1 transcription factor COE1 isoform 1 [Mus musculus]

Mm_COE2 NP_001263316.1 transcription factor COE2 [Mus musculus]

Mm_COE3 NP_001106886.1 transcription factor COE3 isoform 1 [Mus musculus]

Mm_COE4 NP_001103983.1 transcription factor COE4 [Mus musculus]

Bf COE CAE45569.1 putative transcription factor Coe [Branchiostoma floridae]
Hr COE Harore.CG.MTP2014.59.907806.02.p
Af_COE XP_012344675.1

Nv_COE AAS48917 .1

Etr

#BsETR

>Bot _trin2_111868 c0_seq1

MVMAVHGTTQLLQQGLPGPAGM
RGCANPPTSFGLPFLNNVIPGPSSVAHLSQVESPVSMSVNGFFPTYTSNMAGVHTYPQIC
HTPSSVSMKEVLPKDEDAIKLFIGQVPKQWTEMDLRPIFEPFGEIYELSVLHDKFTRMHK
GCAFLTYCKKSSAIQAQDYLHEKKTLPGMNHPMQVKPADTVNKGEDRKLFVGMLGKKQDE
EDVRRIFEKFGTIEECTILRTTDGQSKGCSFVKLSSAAAAKAAIEAIHGKLTMPGASSSI
VVKLADTDRERAVRKMNQIANSYGPVALQLSPYGSTIPQMAHHQLIAAAPNVIPTAGWSP
MTALAATTPTLAHLTPGSAVMQTGTGPQQITSIPSTPQSPATPITTLSLVPSQVLDQGSP
FSSAQEAMYPLQACPAPTPPTIEMVQAPAYPQQPYTVVYMPSGQYAQIPTQHLTQSQLTS
LSPAQAAPAAVGNPTAPQKEGPEGCNLFIYHLPAEFQDQDLANAFQRFGTVISAKVFIDR
ATSQSKCFGFVSFDNSGSAQAAIQGMNGYQIGPKRLKVQLKRPKEQSRPY

HrETRA BAB40781.1 HrETR-1 [Halocynthia roretzi]

MoETR Moocul.CG.ELv1_2.S81791.g06058.01.p

Cs-ETR1 KH2012:KH.C6.128.v1.A.SL2-1

Pm-ETRa phmamm.CG.MTP2014.5359.9g07762.01.p




Pm-ETRDb phmamm.CG.MTP2014.S359.907762.02.p

BfHu Q966S6_BRABE Hu/elav class neuron-specific RNA binding protein
OS=Branchiostoma belcheri

DrETRA1 BAA95118.1 Etr-1 [Danio rerio]

HsHuB AAH30692.1 ELAVL2 protein [Homo sapiens]hub

HsHuC AAA58677.1 huc [Homo sapiens]

HsHuD AAH36071.1 ELAVL4 protein [Homo sapiens]hud

HsHuUR AAH03376.1 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 1 (Hu

antigen R) [Homo sapiens]

DmELAV AAA28506.1 elav protein [Drosophila melanogaster]

Ce ETR A8DYSO0_CAEEL ELAV-Type RNA binding-protein family OS=Caenorhabditis
elegans GN=etr-1 PE=1 SV=1

Mm_CUGBP |NP_001231832.1 CUGBP Elav-like family member 1 isoform 2 [Mus
1 musculus]

Mm_CUGBP |NP_780444.2 CUGBP Elav-like family member 6 isoform 1 [Mus musculus]
6

Mm_CUGBP |NP_001139764.1 CUGBP Elav-like family member 4 isoform A [Mus
4 musculus]

Mm_CUGBP |NP_001276542.1 CUGBP Elav-like family member 3 isoform 1 [Mus
3 musculus]

Mm_CUGBP |NP_001153765.1 CUGBP Elav-like family member 2 isoform 1 [Mus
2 musculus]

Mm_CUGBP |NP_795928.2 CUGBP Elav-like family member 5 isoform 1 [Mus musculus]
5

Notch

#Bs_Notch

>Bot_trin2_113352_c1_seq1

MKKFSEDMFSPDDDMFKPPPRVISKYEEDHLHGSVPAEAR
KPTPEFEVQKDKRKWTPGHYEAARTPSREATTPLMRDNHQDIDACGPDGITPLMVATTMG
GGIEVLEEEEIGEGNEAEGSENMIASLLMQGASLQSQTERTGETPLHLAARYARADAAKR
LLDAGADANMKDNTGRTPLHAAVAADALGVFQILIRSRATDLDAKTMDGTTPLMLAARHA
VEGMVDDLINAHAEVDTVDNHGKTALHWAAAVNNVEALSSLLRAGAKKDAQTEREETALF
LAAREGSYEAVKLLLEFQANRDVTDHMDRLPRDIASEKLHSDIIHLLDDFNIVRSPNSMD
NSPLMYNMGLSKAQPAKNKRRPKGDAKAARRTKKKASTDDLEPSNNAPPNMNPIYQSRPI
LSDGQSPGSMSSPSTYSDPTHSPPITNPANLPPYYPRGMPQGPSMEKHTHPMHHQSQMS
M

HKMM




Hr_Notch BAA25571.1 HrNotch protein [Halocynthia roretzi]

Ci_Notch NP_001037825.1 Notch precursor [Ciona intestinalis]

Mo_Notch Moocul.CG.ELv1_2.543508.902253.01.p

Nv_Notch AEW42991.1 notch, partial [Nematostella vectensis]

Bf Notch CAC19873.1 putative notch receptor protein [Branchiostoma floridae]
Mm_Notch2 [AACS52924.1 Notch-2, partial [Mus musculus]

Hs_Notch2 |AAA36377.2 NOTCH 2 [Homo sapiens]




ML, LG, 100 bootstrap, mafft, all

B S P ou Bj_Pou4 sequences

70
Sk_Pou
Species legend:
S Bj Branchiostoma japonicus
Hs Brn3 Sk Saccoglossus kowalewski
- Hs Homo sapiens
00 0d Oikoploira dioica
Pm Phallusia mammillata
Od—POUBl Cs Ciona savigny
Ci Ciona intestinalis
Mo Molgula oculata
Pm_Pou4 Hc Herdmania curvata
Hr Halocynthia roretzi
0 Bs Botryllus schlosseri
Cs Pou4d Bf Branchiostoma floridae
o Mm Mus musculus
71,
Ci_Pou4l
99
9gl_Pou4
Mo_Pou4
90
87
Hc_Pou4
100
Bs_Pou4
100
Bs_Pou4b
——0d_Pou3
131
Bs_Pou3
85
165 Hr_Pou3
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%
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Ci_Pou2
%0
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Ci_Poub6




Pou

Bs_POU3
Bs_Pou4
Bs_Pou4db
Hc_pou4
MoPou4
Pm Pou4
Ci_poudl
Ci_pou4
Cs_POU4
Sk_pou_NP
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Bf_Pou3
Od_Pou3
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MoPou4
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Bf Pou3 — — —
0Od_Pou3 — P TP TS
Ci_pou2
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Ci_Poub
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Pm Pou4
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Hc_pou4
MoPou4
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Bs_POU3
Bs_Pou4
Bs_Pou4db
Hc_pou4
MoPou4
Pm_Pou4
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Bs_POU3
Bs_Pou4
Bs_Pou4db
Hc_pou4
MoPou4
Pm_Pou4
Ci_poudl
Ci_pou4
Cs_POU4
Sk_pou_NP
Hs Brn3
Bij_pou4
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Od_Pou3
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Hr_Pou3
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Od_pou3l
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Bs_Poudb
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Pm Pou4
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Hs_Brn3
Bij_pou4
Od_pou3l

E G
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Od_Pou3

Cboss “ENISPTT SovPHRETS B CEr STSIVERRST
Cs_pou?2 - P
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Bs_Pou4
Bs_Poudb
Hc_pou4
MoPou4
Pm_Pou4
Ci_poudl
Ci_pou4
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Hs Brn3
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Hs_Pou3 P—-
Bf_Pou3 P-

Od_Pou3

=N =] | (=1 E=f
Cs_pou?2 P - P ——p -—PNQ—-T P
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Bs_Poudb
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981
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Bs_Pou4
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Hc_pou4
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Pm Pou4
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Sk_pou_NP
Hs_Brn3
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MoPou4

Pm_Pou4

Ci_poudl
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Species legend:
Cr Ciona robusta

Nr001 Pm Phallusia mammillata
r Nr005 Mo Molgula oculata
- PﬁL_NIT)O5 Hr Halocynthia roretzi
%)m Nr006 Bs Botryllus schlosseri
Bs Nr004
Mo Nr004

98 Cr Nr002

B HT Nr003
5§m_NrOO3
| Bs Hoxl
Hr Nr005 —
Bs NOO5
Mo Nr005
Cr Nr0O1l1l
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- Hr Nr0Ol1
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= Bb MOX -




Mafft Alignment: Hox trimal: gappyout
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Species legend:

Cr Ciona robusta

Pm Phallusia mammillata
Mo Molgula oculata

Hr Halocynthia roretzi
Bs Botryllus schlosseri
Bf Branchiostoma floridae
Mm Mus musculus

Hau Helobdella sp.

Pd Platynereis dumerilii
Cw Coeloplana willeyi

Hau 37A

4Hr_NrOO4b
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Mo Nr0O05

— Cw_ PaxA

Hau 37B
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Zic PhyML,LG,

100 Bootstrap
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Mm_Z1ic?2
50 ]
Mm_Z1c3
98 Mm_Zic4
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435 Hr_Macho
167
Mt_Macho
98 .
Bs_Zic-r.a
4 HrzicN
75 .
Mt_ZicL
— 34 .
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99 _
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Mm_Gli
0.4 Species legend:
Mm Mus musculus
Cs Ciona savigny
Pm Phallusia mammillata
Mt Molgula tectiformis
Hr Halocynthia roretzi
Bs Botryllus schlosseri
Bf Branchiostoma floridae
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Ebf / COE

PhyML, LG, 100 bootstrap
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ML, LG, 100 bootstrap, mafft,
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Species legend:
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Species legend:

Drosophila melanogaster
Branchiostoma floridae
Mus musculus
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Primerlist

Primer
Otx Fw
Otx Rev
IrxB-Fw
IrxB-Rev
Gli-Fw
Gli-Rev
Pou3 Fw
Pou3 Rev
Hox3 Fw
Hox3 Rev
Pax3/7 Fw
Pax3/7 Rev
Zic-ra Fw
Zic-r.a Rev
Ebf

Ebf

Etr

Etr

Notch
Notch Rev
Pou4
Pou4

seq
CAGCAGCAACAGAACCAAAA
GCACCAGAGTACCCGTTGAT
GACGAAGACGCCAAGCAATC
CTGGGACCCTCGGAAAAGAC
AGCGGAGGAGACAAATGCTA
GAATGCGAGGGAGATATGGA
Published in Ricci et al 2016
Published in Ricci et al 2016
TCAGCCGAGGACTCATTTCT
GGATTGTGATGATGCTGGTG
GCCCAATCCGAATATGCTGG
ACTCTGGTGAAGTGCGATGA
CAACTGCAGCAAAGTGTCT
ATGGCCTTTCACCGGTATGA
TGCTGCGACCATAAAAGTTG
GCCGACTGCAACTGACTGTA
CAACGTAATTCCGGGACCTTC
GCGTTAAGTGCGCCAGTGTA
GAAGAGGAGTCCTGCCTGTG
GCTCGTACGGTGTGGAAAAT
AGCTCAGCAATCCGTCTCAT
ATGCTTCGAGTGATCGCTTT



sV, sensory vesicle
avg,anterior visceral ganglion
nd,neurohypophesealduct
pvg,posterior visceral ganglion
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