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Figure S1. Phylogenetic trees of gene families whose members surround the Bmp2, -4 and
-16 genes. Panels A-G show ML trees (inferred with MEGAT7Y) of pairs or triplets of genes
indicated in the synteny blocks shown in Fig. 2. Information on tree inference parameters are
given below each tree. Scale bar shows the number of substitutions per site. Colored
backgrounds highlight orthology groups of gnathostome genes: yellow for stickleback genes on
group |, blue for group XVIII, purple for XV, and grey for stickleback genes in other genomic
regions. Names for each orthology group are based on human nomenclature. Support values at
nodes are shown in order, bootstrap probabilities in the ML method and in the NJ method, and
posterior probabilities in the Bayesian tree inference. Only bootstrap values no less than 70 in
the ML analysis are shown. All amino acid alignments are accessible on FigShare (DOI:
10.6084/m9.figshare.6938372, 10.6084/m9.figshare.6938369, 10.6084/m9.figshare.6938366,
10.6084/m9.figshare.6938363, 10.6084/m9.figshare.6938360, 10.6084/m9.figshare.6938357

and 10.6084/m9.figshare.6938354).



Supplementary tables

Table S1. Sequences included in molecular phylogenetic analyses shown in Fig. 1 and Fig. 3A,

and synteny analysis shown in Fig. 2.

Latin species name Common name Gene name Accession 1D Ingluded n
Figure(s)
Ambystoma mexicanum  Mexican salamander Bmp2 EU339232 Fig. 1
Anolis carolinensis green anole Bmp2 ENSACAT00000003102 Fig. 1
Anolis carolinensis green anole Bmp4 ENSACATO00000017970 Fig. 1
Anolis carolinensis green anole Bmpl6 LT989953 Figs. 1, 3A
Astatotilapia burtoni moBu?r:kt)(;gos der bmp16 LT989956 Fig. 3A
Branchiostoma floridae Florida lancelet AmphiBMP2/4 XM_002596812 Fig. 1
Callorhinchus milii elephant fish Bmp2 XM_007905506 Fig. 1
Callorhinchus milii elephant fish Bmp4 XM_007888150 Fig. 1
Ciona savignyi Solitary sea squirt Bmp2/4 ENSCSAVT00000004520 Fig. 1
Danio rerio zebrafish bmp2a ENSDARTO00000019364 Fig. 1
Danio rerio zebrafish bmp2b ENSDART00000131169 Fig. 1
Danio rerio zebrafish bmp4 ENSDARTO00000075150 Fig. 1
Danio rerio zebrafish bmp16 NM_001171776 Figs. 1, 3A
Eptatretus burgeri inshore hagfish Bmp2/4/16-A  see Supplementary File 1 Fig. 1
Eptatretus burgeri inshore hagfish Bmp2/4/16-B  see Supplementary File 1 Fig. 1
Eptatretus burgeri inshore hagfish Bmp2/4/16-C  see Supplementary File 1 Fig. 1
Gallus gallus chicken BMP4 ENSGALT00000037192 Fig. 1
Gasterosteus aculeatus stickleback bmp2 ENSGACT00000016539 Fig. 2
Gasterosteus aculeatus stickleback bmp4 ENSGACTO00000013724 Fig.2
Gasterosteus aculeatus stickleback bmp16 ENSGACTO00000012714  Figs. 2, 3A
Gekko japonicus Japanese gecko Bmp2 XM_015405598.1 Fig. 1
Gekko japonicus Japanese gecko Bmp4 XM_015420851.1 Fig. 1
Gekko japonicus Japanese gecko Bmpl6 XM_015427264.1 Figs. 1, 3A
Homo sapiens human BMP2 ENST00000378827 Figs. 1, 3A
Homo sapiens human BMP4 ENST00000245451 Figs. 1, 3A
A':;j:;;”;;f::ﬂisx P Bester Bmp2 LT989959 Fig. 1
Huso dauricus  x Bester Bmp4 LT989960 Fig. 1
Acipenser ruthenus 3
Latimeria chalumnae African coelacanth Bmp2 ENSLACT00000016280 Fig. 1
Latimeria chalumnae African coelacanth Bmp4 ENSLACT00000021864 Fig. 1
Latimeria chalumnae African coelacanth Bmpl6 ENSLACTO00000009133  Figs. 1, 3A
Lepisosteus oculatus spotted gar Bmp2 ENSLOCT00000020341 Fig. 1
Lepisosteus oculatus spotted gar Bmp4 ENSLOCT00000014951 Fig. 1
Lepisosteus oculatus spotted gar Bmpl6 ENSLOCT00000018333  Figs. 1, 3A
Oreochromis niloticus Nile tilapia bmp16 ENSONIT00000007507 Fig. 3A
Oryzias latipes medaka bmp2b ENSORLT00000012260 Fig. 1
Oryzias latipes medaka bmp4 ENSORLT00000016674 Fig. 1
Paroedura picta Madaggzcciggm“”d Bmp16 LT989964 Figs. 1, 3A
Petromyzon marinus sea lamprey PmBMP24-A AY 602220 Fig. 1
Petromyzon marinus sea lamprey PmBMP24-B AY602221 Fig. 1
Petromyzon marinus sea lamprey PmBMP24-C AY 602222 Fig. 1
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Species names are shown in alphabetic order.



Table S2. Sequences identified in this study but excluded from phylogenetic analysis.

Latin species name Common name Gene name Accession ID
Astatotilapia burtoni Burton’s mouthbrooder bmp2 LT989954
Astatotilapia burtoni Burton’s mouthbrooder bmp4 LT989955

Eptatretus burgeri inshore hagfish Bmp2/4/16-A LT989957

Huso dauricus Kaluga sturgeon Bmp2 LT989958
Lepisosteus platyrhincus Florida gar Bmp4 LT989961
Neoceratodus forsteri Australian lungfish Bmp4 LT989965
Paroedura picta Madagascar ground gecko Bmp2 LT989962
Paroedura picta Madagascar ground gecko Bmp4 LT989963




Table S3. Information of sequences identified in this study by RT-PCR.

Primer set used for first

Method used for

Species Gene name Source of tissue/stage identification (3'RACE) sequence extension Completeness of cDNA

Anolis carolinensis Bmpl6 stage 8.5 NF169/170 5’RACE full-length

Astatotilapia burtoni bmp2 14/ 21 dpf° NF5/6 GeneRacer kit full-length

Astatotilapia burtoni bmp4 14 /21 dpf® NF5/6 GeneRacer kit full-length

Astatotilapia burtoni bmp16 14/ 21 dpf° NF49/50 GeneRacer Kkit' full-length

Eptatretus burgeri Bmp2/4-a adult brain tissue NF5/6 5’RACE full-length
Huso dauricus Bmp2 d SK101/1032 - partial
;':;Oe:feurrgzei; a Bmp2 stage E NF17/18? - partial
j:;oe:j:”rﬁiu’; P Bmp4 stage E NF5/NF8 - partial
Lepisosteus platyrhincus Bmp4 adult muscle tissue NF5/6 - partial
Neoceratudos forsteri Bmp4 stages 30-40° SK101/103° - partial
Polypterus senegalus Bmp4 finfold phase of larvae SK101/103° - partial

Raja clavata Bmp2 stage 32 NF5/6 full-length

Raja clavata Bmp4 stage 32 NF5/8 full-length

Scyliorhinus canicula Bmp2 stage 33 GeneRacer kitf full-length

Scyliorhinus canicula Bmp4 stage 33 GeneRacer kitf full-length
Scyliorhinus canicula Bmpl6 stage 33 NF71/72 5’RACE partial
Scyliorhinus torazame Bmp2 stage 23 /25 NF5/6 - partial
Scyliorhinus torazame Bmp4 stage 23 /25 NF5/6 - partial
Scyliorhinus torazame Bmpl6 stage 23 /25 NF71/72 5’RACE partial
Paroedura picta Bmp2 4 /12 dpo NF5/6 - partial
Paroedura picta Bmp4 4/12dpo NF5/6 - partial

@ Nested PCR was performed using the primer SK106 instead of an adapter primer.
b Nested PCR was performed using the primer SK105 instead of an adapter primer.
¢see 2,
dsee S,

€ see 4,



f purchased from Thermo Fisher Scientific



Table S4. Sequences of primers used in this study for identification of novel sequences.

Primers used in PCRs Primer sequence (5> = 3”) Amino acid sequence
NF5 (F) GACTTYWSNGAYGTNGGNTGGAA DFSDVGWN
NF6 (F) GGACCACCTNAAYWSNACNAAYCA DHLNSTNH
NF8 (F) AAGNGCNTGYTGYGTNCCNAC P(R/IK)ACCVPT
NF17 (F) GCCAACACTGTYMGNNSNTTYCA ANTVR(S/G)FH
NF18 (F) ACCGTYMGYKSNTTYCAYCAYGA TVR(G/S)FHH(D/E)
NF49 (F) ATAGCWCCNWSNGGNTAYGAYGC IAPSGYDA
NF50 (F) CCGASNGGMTAYGAYGCNTTYTTY PSGYDAFF
NF71 (F) AACTCCTCCAGCCATGCCAT NSSSHAI
NF72 (F) ATCGTGCAGACGCTGGTCAA IVQTLVN

SK101 (R) GTCGTGCCNCCNTAYATGYTNGAYYT VVPPYMLDL

SK103 (R) GTGCCGCCNTAYATGYTNGAYYTNTA VPPYMLDLY
SK105 TACANCCRCANCCYTCNACNACCAT MVVEGCGCX
SK106 TCCRCANCCYTCNACNACCATNTC DMVVEGCG

Table S5. Number of observed synonymous and non-synonymous substitutions per group of

Bmp genes.
Observed number of non- Observed number of
Group of genes ®
synonymous substitutions  synonymous substitutions
gnathostome Bmp2 0.07 18.51 76.40
gnathostome Bmp4 0.05 13.62 80.54
gnathostome Bmp16 0.12 48.8 128.14

All values are given as average for the respective group of genes as provided by the software PAML version 4.9°.

For more information, see Fig. 1.



Table S6. Sequences of primers used in cloning probes for in situ hybridization.

Gene Species Forward primer sequence (5° = 3°)  Reverse primer sequence (5 = 37) enat

of probe
Bmp2  A. carolinensis CCTCAACTCCACAAATCA TTCTATTTGCTGAGCAGC 881 bp
Bmp4  A. carolinensis TGATGGTCCTCCTATTGT ACAATCCAATCGTTCCAG 992 bp
Bmpl6 A.carolinensis CCAAAATCAGTACCAAGTG GATTGCTTTGATAGACTGG 760 bp
Bmp2 S. torazame GGTTGTGGAAGGTTGTGG AGGAGCTGCCCAGTGTTA 631 bp
Bmp4 S.torazame ~ ACCAGAGGAAGGGAGGAAAA TTGTTCTTCTTGCGCCTCTG 764 bp
Bmpl6é  S.torazame AGAGTACAGCACTGCAAC CTCGTGGTTGGGAATGTT 611 bp
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