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Figure S1. Xenoturbella scRNA-seq atlas statistics.
a Distribution of total RNA molecules per cell. b Distribution of total RNA molecules per gene.
¢ Relationship between gene total expression (x axis) and the correlation between gene expression and
total RNA molecules per cell (y axis). Marker genes selected for cell clustering are shown in purple.

d Cumulative distribution of number of marker genes detected per single cell. e Distribution of RNA
molecules per cell per metacell. f Total number of RNA molecules per metacell. g Number of cells per

metacell.
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Figure S2. Transcription factor expression profile across Xenoturbella metacells. On the right side,
the structural class and the phylogeny-based family classification for each TF is indicated. Cell type
annotations are colour-coded above/below the heatmap.
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Figure S3. Additional markers validated by ISH.

a Dot plot of additional genes included for ISH across metacells. b ISH for Xb model_13586, expression
localised to the basal portion of the epidermis in the anterior of the animal. In all panels, the anterior of
the animals is indicated by *. ¢ ISH for Xb model_3493, expression localised to the basal portion of the
epidermis in the anterior of the animal. d ISH for Xb model_13382 (GATA3), expression localised to a
specific patch of cells in the anterior epidermis. Probes for b, ¢ and d all correspond to genes specifically
expressed in three different gland populations. e ISH for Xb model_9000 localising to specific cells in
the apical portion of the muscle. fISH for Xb model_3802, localising to the gut. g ISH for Xb mod-
el_10386, localising to digestive gland cells. h ISH for Xb model_5565,, expression in the ciliary furrow
and the nerve plexus in the anterior region of the section. i ISH for Xb model_9069 (adenosine receptor),
expression in nerve plexus in anterior of section. j ISH for Xb model_6070, broadly expressed across the
gut and in the epidermis
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Figure S4. Cross-Species Analysis of Cell Cluster Similarity.
SAMap similarity analysis was performed according to ¥ pairwise on the Xenoturbella scRNA-seq data
and publicly available data 39313751 from a sea urchin b H. miamia (acoel) ¢ I. pulchra (acoel) and d N.

vectensis (sea

anemone).
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al70424_XbA1_PO1A Specimen_1
a170424_XbA1_PO1H Specimen_1
al70424_XbA1_P02A Specimen_1
2170424_XbA1_PO2H Specimen_1
al70424_XbA1_P03A Specimen_1
2170424_XbA1_PO3H Specimen_1
al70424_XbA1_P04A Specimen_1
2170424_XbA1_PO4H Specimen_1
al70424_XbA1_PO5A Specimen_1
2170424_XbA1_POSH Specimen_1
al70424_XbA1_PO6A Specimen_1
2170424_XbA1_PO6H Specimen_1
al70424_XbA1_PO7A Specimen_1
2170424_XbA1_PO7H Specimen_1
al70424_XbA1_PO8A Specimen_1
2170424_XbA1_POSH Specimen_1
al70424_XbA1_P09A Specimen_1
2170424_XbA1_PO9H Specimen_1
al70424_XbA1_P10A Specimen_1
2170424_XbA1_P10H Specimen_1
al70424_XbA1_P11A Specimen_1
2170424_XbA1_P11H Specimen_1
al70424_XbA1_P12A Specimen_1
2170424_XbA1_P12H Specimen_1
al70424_XbA1_P13A Specimen_1
2170424_XbA1_P13H Specimen_1
al70424_XbA1_P14A Specimen_1
2170424_XbA1_P14H Specimen_1
al70424_XbA1_P15A Specimen_1
2170424_XbA1_P15H Specimen_1
al170424_XbA1_P16A Specimen_1
2170424_XbA1_P16H Specimen_1
a171115_Xb_A1_PO1A Specimen_2
2171115_Xb_A1_PO1H Specimen_2
2171115_Xb_A1_PO2A Specimen_2
2171115_Xb_A1_PO2H Specimen_2
2171115_Xb_A1_PO3A Specimen_2
2171115_Xb_A1_PO3H Specimen_2
2171115_Xb_A1_PO4A Specimen_2
2171115_Xb_A1_PO4H Specimen_2
2171115_Xb_A1_POSA Specimen_2
2171115_Xb_A1_POSH Specimen_2
2171115_Xb_A1_PO6A Specimen_2
2171115_Xb_A1_PO6H Specimen_2
a171115_Xb_A1_PO7A Specimen_2
2171115_Xb_A1_PO7H Specimen_2
2171115_Xb_A1_POSA Specimen_2
2171115_Xb_A1_POSH Specimen_2
a171115_Xb_A1_PO9A Specimen_3
2171115_Xb_A1_PO9H Specimen_3

aRP0092A_170425 Xb_A3_iX17  Specimen_3
aRPO092H_170425_Xb_A3_iX18 Specimen_3
aRPO093A_170425_Xb_A3_iX19  Specimen_3
aRPO093H_170425_Xb_A3_iX20 Specimen_3
aRPO094A_170425 Xb_A3_iX21 Specimen_3
aRPO094H_170425_Xb_A3_iX22 Specimen_3
aRPO095A_170425_Xb_A3_iX23  Specimen_3
aRPO095H_170425_Xb_A3_iX24  Specimen_3
aRPO096A_170425_Xb_A3_iX25  Specimen_3
aRPO096H_170425_Xb_A3_iX26  Specimen_3
aRPO097A_170425_Xb_A3_iX27  Specimen_3
aRP0O097H_170425_Xb_A3_iX28  Specimen_3
aRPO098A_170425_Xb_A3_iX29  Specimen_3
aRPO098H_170425_Xb_A3_iX30  Specimen_3
aRPO099A_170425_Xb_A3_iX31 Specimen_3
aRPO099H_170425_Xb_A3_iX32  Specimen_3
aRPO545A 180504 Xb_AS SpT4 i Specimen_4
aRPO545H_180504_Xb_AS_SpT4_i Specimen_4
aRPO546A 180504 Xb_AS SpT4 i Specimen_4
aRPO546H_180504_Xb_AS_SpT4_i Specimen_4
aRPOS55A 180504 Xb_AS SpT10_ Specimen_4
aRPOS55H_ 180504 Xb_AS_SpT10_Specimen_4
aRPOS56A 180504 Xb_AS SpT10_ Specimen_4
aRPOS56H_ 180504 Xb_AS_SpT10_Specimen_4
aRPOS61A 180504 Xb_AS nST4 i Specimen_4
aRPOS61H_180504 Xb_AS_nST4 i Specimen_4
aRP0562A 180504 Xb_AS nST4 i Specimen_4
aRPOS562H_180504 Xb_AS_nST4_i Specimen_4
aRPO571A 180504 Xb_AS nST10_ Specimen_4
aRPO571H_180504 Xb_AS_nST10_Specimen_4
aRP0572A 180504 Xb_AS nST10_ Specimen_4
aRPO572H_180504_Xb_AS_nST10_Specimen_4

Table S1. Metadata associated with each half-plate of single cell RNA-seq samples.
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Model

Forward primer

Reverse primer

13733 | ACGATTGGTGCCAAGAAAAC TTAAATGGGAATGGCTCGTC
8649 [ ATCGCAATCGCAGAATTCAA TTAGGCCTAGTCCAGTGACACAT
3275|GTACATACGCATCTCCGCTCATC AATACATTCCAACGGTCCTCCTC
4365 |ATAGCTGAGTCGCGCATACACAT AATTCAGCCGCTCGTTCCTTAG

3304

ACACAGAGACAGCTGGTGATGCT

GCTAACATATCCGACCAATGACG

8066

CGCTGGTAGAACTGGAATACAGC

TGGATGGTCTCTCTTGATTGTCC

179 | ACTTCAACACACGACGCAATCTT GCATATGCACGTGAACACGAA
14024 | CGAACGAGTCGGTTGAACAACTA ATGAACGCGTGATGATGAGTAGG
7170 | GAAGGAGTATCACAGCGATGGAA GGTGCAAGGAACTGATTATGGTG
5206 | GACCCAAAGGTCGTTGTCAT GTTGGAACGCGATCAATTTT
13586 | CGAGACATACGGCAGCATTC CGGAGCGAAACTGACAATGT
13382 | ACGCGATCGGTCGATACTAC GGCGAATTTCAAAGTGTCGT
9000 [ CAACATCGGGAACAGTGTGC GTTTGCCCAAGAAACGAAACG
5565 [ GATCTCGTCCAGGATGAAGGTCT CCGTGCAAGAGATATGTTCAATG
3802 | GGATCTCCTAACCACAATTGCTT GGTCAACCTCCATCAAGTGCAG
9069 [ AACTCGGACTCAACGCTTCAACT GCGTTCAATTGATTCCTCGTAGA
6070 | GCAATGGACTACCAATGGACAAC ACGACATTATCACCGTCACGTCT
3493 [TTGTGGTTGTGGTTGGAGAG ACATTATCAGGGGACGGTGT
10386 | TTCACCGTGCACTACTCAACTCA TGGCCTAATATGAGCGGACTGTA

Table S2. Primer sequences used to amplify DNA templates for RNA in situ hybridization experi-

ments
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