






Signature score olfactory forebrain

Fezf1

Otx1 Pax6Six3

Vax1 Nr2e1

Epcam

Sox2

Otic neurogenesis

Trigeminal

Epibranchial

Otic

Otic vesicle

Rest

Adenohypophyseal

Forebrain

Olfactory

Lens

Trigeminal neurogenesis

Epibranchial neurogenesis

Otic

Otic vesicle

Trigeminal
neurons

Otic neuronsEpibranchial
neurons

Lens

Epibranchial

APF/Adenohypophyseal

Olfactory

Trigeminal

rest

Figure 6
a Transcriptional embeding b

c d

Expression epithelial and neural tube markers 

Spatial validations of specific markers for the forebrain and 
olfactory placode

e

0

1.0

1.5

2

2.5

Otic

Trigeminal

Epibranchial

Olfactory

Forebrain

Lens

Adenohypophyseal

10X objective 40X objective

D
A

P
I

S
ox

10

V
ax

1
C

om
bi

ne
d

10X objective 40X objective

S
ox

10
S

ix
6

P
ax

2
N

r2
e1

F
ez

f1

S
ox

2
P

ax
6

E
pc

am

M
sx

1

U
M

A
P

 c
lu

st
er

s
forebrain

neural crest

olfactory

W
nt

3a
W

nt
1

Z
ic

1

Z
ic

5
F

ox
d3

S
ox

10
S

ix
6

F
ez

f1
M

sx
1

W
nt

3a
W

nt
1

Z
ic

1

Olfactory

Endoderm of gut

0.0

0.2

0.4

0.6

0.8

UMAP1

U
M

A
P

2

Forebrain

UMAP1

U
M

A
P

2

With neurogenesis

Without neurogenesis Tail

HeadHead

200 um 100 um 100 um200 um

200 um 200 um 100 um100 um

Head, E8.5

Parsimony-based tree built on sets of 
expressed DNA-binding proteins

UMAP1

U
M

A
P

2

UMAP1

U
M

A
P

2

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 3, 2026. ; https://doi.org/10.64898/2026.04.01.715621doi: bioRxiv preprint 



Figure 6. Similarity of transcriptional programs directing anterior forebrain and olfactory placode 

development. 

(a) Transcriptional embedding from Figure 1a-c, with highlighted forebrain (purple), gut endoderm 

(orange) and olfactory placode (yellow) highlighted. (b) UMAP feature plots showing expression of 

olfactory and forebrain markers. (c) Plotted gene expression signature showing commonly expressed 

genes specific for olfactory placode and anterior forebrain.  (d) Spatial validations of specific markers 

for the anterior forebrain, neural crest and olfactory placode using the Xenium v1 platform at E8.5 of 

mouse embryo development. Bottom: HCR-based RNA in situ hybridization, DAPI nuclear labeling 

(blue), neural crest marker Sox10 (green), and olfactory placode marker Vax1 (red), 10X and 40X 

objectives. (e) Cassiopeia-built parsimony-based tree derived from a set of DNA-binding proteins 

expressed in cranial placode-containing clusters in relation to the anterior forebrain. The upper tree 

includes neurogenic derivatives of placodes. APF, anterior placodal field. 
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Figure 7. Single cell and spatial atlases help to refine the evolutionary origin of olfactory placode. 

(a-b) Evolutionary hypotheses proposing the origin of the olfactory placode. (a) The neural tube 

splitting hypothesis proposes that the tubular architecture of the nervous system originally evolved in 

basal deuterostomes in connection with olfactory function. According to this model, an ancestral 

tubular neuroepithelial structure underwent an anatomical partitioning that separated an anterior, 

olfaction-oriented domain from the remainder of the neural tube. The anterior portion subsequently 

gave rise to the olfactory placode, whereas the posterior segment developed into the centralized 

neural tube that later served as the core of the vertebrate nervous system61. (b) Hypothesis of 

olfactory placode evolution via transcriptional program recombination of endodermal, non-neural 

epithelial and anterior neural tube programs. In ancestral vertebrates, the recombined transcriptional 

codes gave rise to de novo-arising distinct anterior and posterior placodes, accompanied by an 

expansion of sensory and neurosecretory cell populations. (c) Heatmap showing shared gene 

expression in the anterior forebrain, olfactory placode, endoderm, and non-neural ectoderm. 

Populations 'olfactory', 'forebrain', 'endoderm of nascent gut' were identified using specific markers, 

while all other populations in the general UMAP embedding were grouped as 'rest'. (d) HCR in situ 

hybridization assays showing the expression of anterior regionalization during amphioxus neurulation 

(N4-N5 stage). Green outlines the anterior neural plate border within the white dashed anterior neural 

tube; yellow dashes indicate the anterior surface ectoderm; pink outlines indicate the neuropore. 
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