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Supplementary Figures
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Supplementary Figure S1.
Phylogenetic relationships among four vestimentiferans and 13 metazoans. Concatenated amino acid
sequences of 163 single-copy OGs were aligned, gap-trimmed, and used for construction of a

maximum likelihood phylogenetic tree. Numbers on branches indicate bootstrap values.
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Supplementary Figure S2.

Molecular phylogenetic tree of Hox and ParaHox genes. (A) Molecular phylogenetic tree of Hox
genes of four vestimentiferans and seven non-vestimentiferan metazoans. In order to extract Hox
candidate genes, gene models of four vestimentiferans were searched using BLAST against Hox genes
of Capitella teleta, Helobdella robusta, Lottia gigantea, Octopus bimaculoides, Drosophila
melanogaster, Tribolium castaneum, and Branchiostoma floridae'*. Amino acid sequences of
candidate genes were aligned, gap-trimmed, and used for construction of a maximum likelihood
phylogenetic tree. Although previous studies identified Hox3 in the Paraescarpia genome and Lox4
and Lox2 in the L. luymesi gene models®, our study and another study were not able to identify clear
orthologs of these genes*. (B) Molecular phylogenetic tree of ParaHox genes of four vestimentiferans
and three non-vestimentiferan metazoans. In order to extract ParaHox candidate genes, gene models
of four vestimentiferans were searched using BLAST against ParaHox genes of C. teleta, L. gigantea,
and B. floridae>®. Amino acid sequences of candidate genes were aligned, gap-trimmed, and used for
construction of a maximum likelihood phylogenetic tree. For genes of non-vestimentiferan metazoans,
taxonomy and definitions are shown. Circles on branches indicate bootstrap values higher than 80%.

L. satsuma genes are highlighted in red.



Obturacular region

G0:0048085~adult chitin-containing cuticle pigmentation
G0:0072734~cellular response to staurosporine
G0:0043052~thermotaxis

G0:0045104~intermediate filament cytoskeleton organization
G0:0035220~wing disc development
G0:0036498~IRE1-mediated unfolded protein response
G0:1902004~positive regulation of beta-amyloid formation
G0:0097194~execution phase of apoptosis
G0:0006520~cellular amino acid metabolic process
G0:0001745~compound eye morphogenesis
G0:0000272~polysaccharide catabolic process
GO0:0072593~reactive oxygen species metabolic process
G0:0006032~chitin catabolic process
G0:0019752~carboxylic acid metabolic process
G0:0070059~intrinsic apoptotic signaling pathway in response to endoplasmic reticulum stress
GO0:0030216~keratinocyte differentiation
G0:0002224~toll-like receptor signaling pathway
G0:0007160~cell-matrix adhesion
G0:0009411~response to UV

G0:0007616~long-term memory
G0:0019722~calcium-mediated signaling
G0:0009611~response to wounding

GO0:0045165~cell fate commitment
G0:0006986~response to unfolded protein
G0:0050808~synapse organization
G0:0006821~chloride transport

G0:0006633~fatty acid biosynthetic process
GO0:0016485~protein processing

G0:0007605~sensory perception of sound
G0:0006508~proteolysis

GO0:0055085~transmembrane transport
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G0:0036468~L-dopa decarboxylase activity
G0:0036467~5-hydroxy-L-tryptophan decarboxylase activity
G0:0004058~aromatic-L-amino-acid decarboxylase activity
G0:0097200~cysteine-type endopeptidase activity involved in execution phase of apoptosis
GO0:0016830~carbon-carbon lyase activity

G0:0008271~secondary active sulfate transmembrane transporter activity
G0:0097153~cysteine-type endopeptidase activity involved in apoptotic process
G0:0097199~cysteine-type endopeptidase activity involved in apoptotic signaling pathway
GO0:0008179~adenylate cyclase binding
G0:0004315~3-oxoacyl-[acyl-carrier-protein] synthase activity
G0:0005001~transmembrane receptor protein tyrosine phosphatase activity
G0:0031177~phosphopantetheine binding

G0:0004540~ribonuclease activity

G0:0016831~carboxy-lyase activity

G0:0005344~oxygen transporter activity

G0:0004089~carbonate dehydratase activity

G0:0008061~chitin binding

G0:0005229~intracellular calcium activated chloride channel activity
G0:0004521~endoribonuclease activity

G0:0008013~beta-catenin binding

G0:0097110~scaffold protein binding

G0:0030170~pyridoxal phosphate binding

G0:0005201~extracellular matrix structural constituent
G0:0008237~metallopeptidase activity

G0:0051015~actin filament binding

G0:0005509~calcium ion binding
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G0:0022857~transmembrane transporter activity
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Supplementary Figure S3.
Functional enrichment analysis of obturacular region-specific DEGs based on Gene Ontology (GO)

terms. GO terms with p-values < 0.05 are shown.



Vestimental region

G0:1901750~leukotriene D4 biosynthetic process
G0:0048050~post-embryonic eye morphogenesis
G0:0035582~sequestering of BMP in extracellular matrix
GO0:0031179~peptide  modification

G0:0015791~polyol transport

G0:0015756~fucose transport

G0:0015750~pentose transport

G0:0032409~regulation of transporter activity
G0:2001205~negative regulation of osteoclast development
G0:0071878~negative regulation of adrenergic receptor signaling pathway
G0:0034199~activation of protein kinase A activity
G0:0031651~negative regulation of heat generation
G0:0015798~myo-inositol transport

G0:1905477~positive regulation of protein localization to membrane
G0:1904936~interneuron migration

G0:0048048~embryonic eye morphogenesis
GO0:0035583~sequestering of TGFbeta in extracellular matrix
G0:0010737~protein kinase A signaling
G0:0006691~leukotriene metabolic process
G0:0090327~negative regulation of locomotion involved in locomotory behavior
G0:0031649~heat generation

G0:0019835~cytolysis

G0:0019344~cysteine biosynthetic process
G0:0006751~glutathione catabolic process
G0:0006750~glutathione biosynthetic process
G0:0000272~polysaccharide catabolic process
G0:0006032~chitin catabolic process

G0:0010466~negative regulation of peptidase activity
G0:0001501~skeletal system development
G0:0030198~extracellular matrix organization
G0:0050727~regulation of inflammatory response
G0:0006508~proteolysis
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GO0:0015166~polyol transmembrane transporter activity
G0:0015150~fucose transmembrane transporter activity
GO0:0015146~pentose transmembrane transporter activity
G0:0002951~leukotriene-C(4) hydrolase
G0:0000048~peptidyltransferase activity
G0:0036374~glutathione hydrolase activity

G0:0005367~myo-inositol:sodium symporter activity

G0:0005412~glucose:sodium symporter activity

G0:0003796~lysozyme activity

G0:0031699~beta-3 adrenergic receptor binding
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GO0:0015459~potassium channel regulator activity
G0:0030414~peptidase inhibitor activity
G0:0005201~extracellular matrix structural constituent
G0:0030246~carbohydrate binding
G0:0008237~metallopeptidase activity

G0:0005509~calcium ion binding

Supplementary Figure S4.
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Functional enrichment analysis of vestimental region-specific DEGs based on GO terms. GO terms

with p-values < 0.05 are shown.



Trunk region

G0:0002532~production of molecular mediator involved in inflammatory response
G0:1905135~biotin import across plasma membrane
G0:0006658~phosphatidylserine metabolic process
G0:0034501~protein localization to kinetochore
GO0:0060740~prostate gland epithelium morphogenesis
G0:0051128~regulation of cellular component organization
G0:0006542~glutamine biosynthetic process
G0:0000272~polysaccharide catabolic process
GO0:0010389~regulation of G2/M transition of mitotic cell cycle
G0:0046597~negative regulation of viral entry into host cell
G0:0031023~microtubule organizing center organization
G0:0006032~chitin catabolic process

G0:199096 1~drug transmembrane export
GO0:0097150~neuronal stem cell population maintenance
G0:0007162~negative regulation of cell adhesion
G0:0007130~synaptonemal complex assembly
G0:0050793~regulation of developmental process
G0:0045824~negative regulation of innate immune response
G0:0045595~regulation of cell differentiation
G0:0007094~mitotic spindle assembly checkpoint
G0:0042908~xenobiotic transport
G0:0008643~carbohydrate transport

G0:0006814~sodium ion transport

G0:0007052~mitotic spindle organization
G0:0007059~chromosome segregation
G0:0007368~determination of left/right symmetry
G0:0005975~carbohydrate metabolic process
G0:0055085~transmembrane transport

G0:0006811~ion transport

G0:0007283~spermatogenesis

GO0:0007049~cell cycle

GO0:0051301~cell division

G0:0006508~proteolysis

GO0:0030154~cell differentiation
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G0:0015225~biotin transporter activity

G0:0043515~kinetochore binding

G0:0004356~glutamate-ammonia ligase activity

G0:0004568~chitinase activity

G0:0005344~oxygen transporter activity

G0:0019825~oxygen binding

G0:0008061~chitin binding

G0:0051010~microtubule plus-end binding

G0:0042910~xenobiotic transporter activity

G0:0004180~carboxypeptidase activity

GOTERM_MF_DIRECT

G0:0005245~voltage-gated calcium channel activity

GO0:0015293~symporter activity

G0:0022857~transmembrane transporter activity

G0:0005506~iron ion binding

o
o

10
Fold Enrichment

N
o

Supplementary Figure S5.
Functional enrichment analysis of trunk region-specific DEGs based on GO terms. GO terms with p-

values < 0.05 are shown.
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Supplementary Figure S6.
Gene expression levels (TMM-normalized CPMs) of TLR and MyD88. Data are shown as means +

SEs (n = 3). Obt, obturacular region; Ves, vestimental region; Tru, trunk region.
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Supplementary Figure S7.
Gene expression levels (TMM-normalized CPMs) of lysozymes. Data are shown as means = SEs (n

= 3). Obt, obturacular region; Ves, vestimental region; Tru, trunk region.
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Supplementary Figure S8.

Lsat_s001.g1050

Family A and B

Molecular phylogenetic analysis of lysozyme genes in genomes of vestimentiferans. The maximum

likelihood phylogenetic tree was constructed using aligned and gap-trimmed amino acid sequences. L.

satsuma genes are highlighted in red. Circles on branches indicate bootstrap values higher than 80%.

10



Lsat_s039.90200
Liuy_FUN_005026
Lsat_s039.g0201

Pech_PE_Scaf7555_1.6
Rpac_jg31850
Pech PE_Scaf7555_1.25

Lluy_ALO75571.1_B1

_T Rpac_jg31851
Liuy_FUN_005031

Lsat_s016.g0410
| gL\uy_FUN_ﬂSZQM
Rpac_jg17583
Pech_PE_Scaf279_2.8

Lsat_s005.g0481
Liuy_FUN_017247

d-1

Lsat_s062.g0129

Liuy_FUN_030038
Lsat_s032.90152
Rpac_jg20261

Pech_PE scamm 02
Rpac_jg27565
Pech_PE_Scafd106_4.4 g
Rpac_jg27563

Liuy_FUN_040024
Rpac_jg20258

IJuy FUN_008671
§ Pech PE Scafla67 43 I
Rpac_jg3134
Lsat_s005.90480
] Lsat_BAN58232.1_V2-B1
Liuy FUN_017246" d-2
Rpac_jg8236
Pech_PE_Scaf7230_5.8
Lsat s030.g00B2
Lsat_s030.g0085
Lluy_FUN_013449
Liuy_FUN_004753
Liuy_FUN_013447
Lsat_5030.g0084
Lsat_BAU46565.1_V1-81
Lsat s030.90086
Liuy_FUN_004752

Pech_PE_Scaf8283_3.3
Rpac jg7906
Rpac_jg7907
Rpac_jg7915

Lsat 027.90163
_Cuw FUN_038743
Pech_PE_Scaf4910 5.8
Lsat_s005.g0479
—CGULFUNJMG% e
Rpac_jg8237

Pech_PE_Scaf1853 2.14
Pech_PE_Scaf1853 2.15
Pech_PE_Scaf1853 34
Rpac_jg23684

g

.Sal_SUZ7 |
Lsat BAN5B233.1_V2-B2
Lsat BAU46566.1_V1-B2
Liuy_FUN_029258
LiuyALOT5569.1_B2
Pech_PE_Scaf10099_1.7

B2

[Q Rpac_jg16544

CSO09.q
r{’ LsatﬁBAMGEBS 1_V1-A1
Lluy | FUN 034331

IY

D R
Lsat BAN58230 1_V2-A1
Liuy_FUN_034332
Liuy_ALOTS570.1_A1
Rpac_jg29185
Rpac_CAD29154.1_A1
Pech PE_Scaf4360_14.19

V1-A1

J

Pech_ PE ScaMQGU 15.1
V2-A1

J\

A2

Lsat_BAU46564.T_VT-AZ
Lsat_BAN58231.1_V2-A2
Lsa( 5009.90396
Lluy_ALO75572.1_A2
Lluy_FUN_034333

Pech_PE_Scaf4360_14.5
Rpac_j 29184
Rpac CAD291551 |_A2

04

11

B

Glycine +
Succinyl-CoA

| ALas
| ALAD
| PBGD
| UROS
| UROD
| cPo
| pPO

l FECH

Heme

Lsat_s004.90289

Lsat_s013.9g0456
Lsat_s001.90322

Lsat_s029.g0125

Lsat_s007.g0145

Lsat_s002.9g0166

. Lsat_s001.g0327
.Lsat_sOO1 91163

Obt Ves Tru

Expression levels
(row Z-score transformed)

-15-1-050 05 1 15



Supplementary Figure S9.

Molecular phylogenetic tree of globin subunit genes and expression levels of genes involved in heme
biosynthesis. (A) Molecular phylogenetic tree of globin subunit genes of four vestimentiferans. The
maximum likelihood phylogenetic tree was constructed using aligned and gap-trimmed amino acid
sequences. For genes retrieved from the NCBI GenBank and UniProt/Swiss-Prot databases, taxonomy,
accession number, and definitions are shown, separated by underscores. L. safsuma genes are
highlighted in red. Circles on branches indicate bootstrap values higher than 80%. “a” — “h”
correspond to eight paralogous groups proposed in a previous study®. Note that paralogous group d*
was divided into two independent clades (d-1 and d-2); therefore, the total number of groups is nine.
(B) Expression levels of putative genes involved in heme biosynthesis. The heme biosynthetic
pathway and involved enzymes are shown on the left. A heat map of expression levels of the genes
corresponding to the enzymes (row Z-score transformed) is shown on the right.

Lsat, L. satsuma; Lluy, L. luymesi; Rpac, R. pachyptila; Pech, P. echinospica; A1-B2, globin A1-B2
chain (subunit); V1, V2, V1 and V2 hemoglobin; Obt, obturacular region; Ves, vestimental region;

Tru, trunk region.

12



Lsat_s009.g0397 Lsat_s009.90398

2 15000
§ 10000
5000

1500

A1

1000

Expression level (CPM)
N
a S
<} 3
o S 3
1
ll
Expression level (CPM)
NN
S a
S o
S o
s S

0 . —
Obt  Ves Tru Obt Ves Tru
Region Region

Lsat_s009.g0396

£
& 15000
2
£ 10000
A2
¢ s000
3
o 0 - -
Obt Ves Tru
Region
Lsat_s005.g0481 Lsat_s016.g0410 Lsat_s027.g0163 Lsat_s030.g0082 Lsat_s030.g0084
1250
= = s s s
g & 1000 Y & 7500 g
10 = < 400 S S 20000
= = = =
H 3™ H £ 5000 H
s § 500 s s 5
205 7 g 200 s 2 10000
g g 250 ¢ g 2500 ¢
5 s s 8 s
Y e . Yool = - L - w5 - - « o{_= -
Obt Ves Tru Obt  Ves Tru Obt Ves Tru Obt Ves Tru Obt Ves Tru
Region Region Region Region Region
Lsat_s030.g0085 Lsat_s030.g0086 Lsat_s032.g0152 " Lsat_s039.90200 Lsat_s039.90201
=200 5 : £ g6
g & 7500 S 30 e3 S
T 2000 3 3 3 =
B1 H & 5000 32 22 84
§ § § 2 &
8 § S
g 1000 § 2500 g 10 g 32
g & g & £
] 0 _ w 0 - _ Wy - - 0L == - ) - -
Obt  Ves Tru Obt Ves Tru Obt Ves Tru oot ves: T obt  Ves T
Region Region Region Region Region
Lsat_s039.90203 Lsat_s062.90129 Lsat_s106.90009
s < 600 S 60
&15
S S <]
g 40 g 400 :g 40
& 5 5
2 s g 200 220
g : 5
w
0 - . wo, - - o] 0 - -
Obt  Ves T Obt Ves Tru Obt Ves Tru
Region Region Region

Lsat_s027.9g0352

7500
5000

2500

Expression level (CPM)
o
l I
|

Obt Ves Tru
Region

Supplementary Figure S10.

Gene expression levels (TMM-normalized CPMs) of globin subunits. Data are shown as means + SEs
(n=3). A1-B2, globin A1-B2 chain (subunit); Obt, obturacular region; Ves, vestimental region; Tru,
trunk region.
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Supplementary Figure S11.
Gene expression levels (TMM-normalized CPMs) of FIH-1 and FIH-1-like proteins. Data are shown

as means + SEs (n = 3). Obt, obturacular region; Ves, vestimental region; Tru, trunk region.
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Supplementary Figure S12.

Molecular phylogenetic tree and expression levels of chitinase genes. (A) Molecular phylogenetic tree
of the chitinase family in genomes of four vestimentiferans. The maximum likelihood phylogenetic
tree was constructed using aligned and gap-trimmed amino acid sequences. For genes retrieved from
the UniProt database, taxonomy, accession number, and definitions are shown. L. satsuma genes are
highlighted in red. Circles on branches indicate bootstrap values higher than 80%. (B) Heat map of
expression levels (row Z-score transformed) of L. satsuma genes belonging to the chitinase family.
AMCase, acidic mammalian chitinase; CHIT, chitotriosidase; CHID, chitinase domain-containing
protein; Lsat, L. satsuma; Lluy, L. luymesi; Rpac, R. pachyptila; Pech, P. echinospica; Ctel, C. teleta;
Hrob, Helobdella robusta; Eand, FEisenia andrei, Dgyr; Dimorphilus gyrociliatus; Cele,
Caenorhabditis elegans; Hsap, Homo sapiens; Mmus, Mus musculus; Dmel, Drosophila
melanogaster; Obt, obturacular region; Ves, vestimental region; Tru, trunk region; **, region-specific

DEGs.
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Supplementary Figure S13.

Molecular phylogenetic tree and expression levels of TMC genes. (A) Molecular phylogenetic tree of
the TMC family in the genomes of four vestimentiferans. The maximum likelihood phylogenetic tree
was constructed using aligned and gap-trimmed amino acid sequences. For genes retrieved from the
UniProt database, taxonomy and accession number, and definitions are shown. L. satsuma genes are
highlighted in red. Circles on branches indicate bootstrap values higher than 80%. (B) Heat map of
expression levels (row Z-score transformed) of L. satsuma genes belonging to the TMC family.

Lsat, L. satsuma; Lluy, L. luymesi; Rpac, R. pachyptila; Pech, P. echinospica; Ctel, C. teleta; Hrob,
Helobdella robusta; Eand, Eisenia andrei, Dgyr; Dimorphilus gyrociliatus; Hsap, Homo sapiens;
Mmus, Mus musculus; Obt, obturacular region; Ves, vestimental region; Tru, trunk region; *, genes

with expression levels significantly higher in a specific region than other regions (FDR < 0.05).
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Supplementary Figure S14.

Molecular phylogenetic tree and expression levels of C-type lectin genes. (A) Molecular phylogenetic
tree of the C-type lectin family in the genomes of four vestimentiferans. The maximum likelihood
phylogenetic tree was constructed using aligned and gap-trimmed amino acid sequences. For genes
retrieved from the UniProt database, taxonomy and accession numbers are shown. L. satsuma genes
are highlighted in red. Circles on branches indicate bootstrap values higher than 80%. (B) Heat map
of expression levels (row Z-score transformed) of L. satsuma genes belonging to the C-type lectin
family.

Lsat, L. satsuma; Lluy, L. luymesi; Rpac, R. pachyptila; Pech, P. echinospica; Ctel, C. teleta; Hrob,
Helobdella robusta; Eand, Eisenia andrei, Dgyr; Dimorphilus gyrociliatus; Polf, Philodryas olfersii
(Green snake); Tjac, Thrasops jacksonii (Jackson's black tree snake); Lmad, Leioheterodon
madagascariensis (Malagasy giant hognose snake); Tnat, Thalassophryne nattereri (Copper Joe
toadfish); Omyk, Oncorhynchus mykiss (Rainbow trout); Hlae, Haliotis laevigata (Smooth Australian
abalone); Hsap, Homo sapiens; Mmus, Mus musculus; Obt, obturacular region; Ves, vestimental

region; Tru, trunk region; **, region-specific DEGs.
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Supplementary Figure S15.

(A) Molecular phylogenetic tree of chymotrypsin-like serine protease genes.

(B) Molecular phylogenetic tree of titin-like protein genes.

The maximum likelihood phylogenetic tree was constructed using aligned and gap-trimmed amino
acid sequences. For genes retrieved from the UniProt database, taxonomy and accession numbers are
shown. L. satsuma genes are highlighted in red. Circles on branches indicate bootstrap values higher
than 80%. Lsat, L. satsuma; Rpac, R. pachyptila; Ctel, C. teleta; Hrob, Helobdella robusta; Hsap,

Homo sapiens; Mmus, Mus musculus; Dmel, Drosophila melanogaster.
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Supplementary table footnotes

Supplementary Table S1.

Statistics of gene models used in this study. For gene models downloaded from the NCBI RefSeq or
GenBank database, accession numbers are shown. Only the longest transcript variants of each gene
were counted. The longest transcript variants of each gene were translated into amino acid sequences,
and then used for the analysis with BUSCO v.5.3.2.

S, complete and single-copy BUSCOs; D, complete and duplicated BUSCOs.

Supplementary Table S2.
Statistics of RNA-seq, quality trimming, and mapping data.

Supplementary Table S3.
Read counts for RNA-seq quantified with Salmon v.1.8.0

Supplementary Table S4.
TPMs of RNA-seq samples calculated with EdgeR v.3.36.0.

Supplementary Table S5.
CPMs of RNA-seq samples calculated with EdgeR v.3.36.0.

Supplementary Table S6-8
Pairwise comparison of CPMs between obturacular and vestimental region, obturacular and trunk

region, and trunk and vestimental region, respectively.

Supplementary Table S9.
Statistics of the region-specific DEGs.
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