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Figure 1. Anterior-posterior patterning in Scyliorhinus canicula pectoral fin buds. (A) Skeletal patterns of S. canicula
pectoral fin and mouse limb. Blue colours, homologous elements. (B-G) In situ hybridisation for Alx4 (B), Pax? (C),
Hand1 (D), Zic3 (E), Hand2 (F), and Tbx2 (G) in S. canicula pectoral fin buds at stage 30 and mouse limb bud at E11.5
(left panel in G). Arrowheads in G, anterior boundary of posterior Thx2 expression. Dorsal view; anterior is to the top.
Scale bars, 100 pm. (H) Schematic of the gene expression patterns. Arrowheads, Hand2 expression boundary.
Expressions of mouse limb buds at E11.5 are after EMBRYS database (Yokoyama et al., 2009; Fernandez-Teran
et al., 2003).
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Figure 1—figure supplement 1. Molecular phylogenetic trees of relevant S. canicula genes. (A-E), Trees for Alx4 (A), Pax? (B), Hand1 (C), Zic3 (D), Tbx2
(E), and Ptch1 (F) were generated from amino acid sequences of the homeodomain and neighbouring sequences (A), the paired box and C-terminal
sequences (B), Helix-loop-helix domain and C-terminal sequences (C), N-terminal sequences (D), and C-terminal sequences (E and F). The neighbour-
joining method was used for constructing the trees. The numbers at nodes indicate bootstrap probabilities with 1000 replicates.
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Figure 1—figure supplement 2. Temporal expression analysis of Alx4, Pax9, Hand2, and Hoxa13 in S. canicula
pectoral fins. (A-D) Expression of Alx4 (A), Pax? (B), Hand2 (C), and Hoxa13 (D) at the indicated stages. Dorsal view
of right pectoral fin buds of S. canicula embryos (anterior to the top). (A) Alx4 was initially expressed throughout the
fin buds at stage 25, but the posterior expression of Alx4 was reduced by stage 27. Alx4 expression was then
restricted to the anterior two-thirds of the fin bud at stage 29 and to the anterior half of the fin bud at stage 31.
(B) Pax? expression was not detected at stage 27 but was present in anterior distal fin buds at stage 29. This
expression persisted until at least stage 31. (C) Hand2 was initially expressed throughout the fin bud, although
slightly more-robust expression was observed at the posterior side. Subsequently, Hand2 expression became
posteriorly restricted by stage 27. (D) Hoxa13, which is a marker for a late developmental stage in tetrapod limb
buds, was detected since stage 29 in a distal domain. (E) OPT scans of Sox9 expressions (red) stained with
propidium iodide (green) at stage 28 (left) and late stage 29 (right). pg, pectoral girdle; ms, mesopterygium; mt,
metapterygium. (F) Comparison of Alx4 (black), Pax9 (grey), Hand2 (blue), and Hoxa13 (light green) expression
patterns between S. canicula fin buds and chick forelimb and hindlimb buds (see Figure 1—figure supplement 3
for detailed gene expression in chick limb buds). st, stage. Scale bars, 100 um.
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Figure 1—figure supplement 3. Temporal expression analysis of Alx4, Pax9, Hand2, and Hoxa13in chick limb buds. (A-H) Expression of Alx4 (A, B), Pax9
(C, D), Hand2 (E, F), and Hoxa13 (G, H) at the indicated stages. Dorsal views of chick forelimb (A, C, E, G) and hindlimb (B, D, F, H) buds (anterior to the
top; distal to the right). (A, B) At stage 19, Alx4 expression was broad but was slightly weaker in the posterior side of forelimb (A) and hindlimb (B) buds. At
later stages, its expression became restricted to the anterior one-third of the limb buds, with subsequent further restriction to the anterior proximal region
both in forelimb (A) and hindlimb (B) buds. Alx4 expression also appeared in the posterior distinct region of chick forelimb (A) and hindlimb (B) buds at
stage 25. (C, D) Pax9 expression was first present in the anterior region at stage 24 in forelimb buds (C) and stage 23 in hindlimb buds (D) but was more
distally restricted than Alx4 expression. At stage 25, expression of Pax9 was robust, but the extent of its overlap with Alx4 expression was limited both in
forelimb (C) and hindlimb (D) buds. (E, F) Hand2 expression was initially complementary with Alx4 and subsequently with Pax? expression in forelimb (E)
and hindlimb (F) buds. (G, H) At stage 21, Hoxa13 expression fully overlapped with the distal Hand2 expression domain in forelimb (G) and hindlimb (H)
buds. At later stages, co-expression of Pax? and Hoxa13 was observed in the anterior distal portion of the limb buds, but this overlap was not as extensive
as that between the Hand2 and Hoxa13 expression domains. st, stage. Scale bars, 100 pm.
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Figure 2. Expression and processing of Gli3 and Gli2 in S. canicula embryos. (A) Expression of Gli3 in S. canicula
pectoral fins. (B) Alcian blue staining of C. milii pectoral fin at stage 35 (top, the ventral view of a right fin flipped
horizontally) and Gli3 expression at stage 31 (bottom, a left pectoral fin flipped horizontally). pro, propterygium.
(C) Expression of Gli2 in S. canicula pectoral fin buds. Scale bars, 100 pm. (D) The Gli3 chimera constructs. hGli3
PDD, full-length human Gli3 (grey box) with Myc tags. hGli2, ScGli2 and ScGli3 PDD, chimeric Gli3 genes
recombined at the processing determinant domain (PDD) with human Gli2, S. canicula Gli2 and Gli3, respectively.
(E) Protein processing of the chimeric constructs in cell cultures treated with either FSK (+) or DMSO (-). Truncated
Gli3 is detected only in hGli3 PDD (lane 4) and ScGli3 PDD (lane 8).

DOI: 10.7554/elife.07048.007

Onimaru et al. eLife 2015;4:e07048. DOI: 10.7554/eLife.07048 6 of 10


http://dx.doi.org/10.7554/eLife.07048.007
http://dx.doi.org/10.7554/eLife.07048

eLIFE

Developmental biology and stem cells | Genomics and evolutionary biology

100—human_Gli2 B
mouse_Gli2
chick_Gli2 .
C. milii Gli2 Gli2
S. canicula_ Gli2
zebrafish_Gli2a
— zebrafish_Gli
agr- C. milii _Gli3
S. canicula _Gli3

Human Gli3 [ RELEES VARSI PDD)

644 842

Human Gli3 GDT.

HVRAIKTE:

Human Gli2 NDVHLRTPLL

Human Gli3 KAPAVSPLIGNGTQSN----NTCSLGGPMILLPGRSDLSGVDVIMLN

Human Gli2 RNTKLPPLPGSGSIL LPNPRLSEL
0.05 S. canicula Gli2 KNTKLPLIPMNGATLEN---SSTGGSTAVLPNPRIMELSNSEITILN
S. canicula Gli3 KNTTLPPLPGSGTQLD----- SSSVGGPMTILPNRNELTNAELTMLK

i i Gli3 s LGDHEVAT QVKTT
78 100| Ch[Ck—G"? 8. canicula Gli3 GDT! DD o OOAEL OVKATKTEKEMTSOD! EPSPFS—-—
mouse_Gli3
4 £ 100 110 120 130 140 150 160
77 human_Gli3 8 w0t b (b 2. D ] 15 0] o s [ 0 i 2050 20 o] o o o 55 [0, oo ] S8t
i i Human Gli3 NYSNSGLELPLTDGGSIGDLSAIDET-PIMDSTISTATTALALO ERLKQVNGMFPRLNPILPP-
zebrafish_Gli1 Human Gli2 PNNDSGVEMPGTGPGSLGDLTALDDTPPGADTSALAAD  LKKEKLKSLKDSCSWAGPT - PHT
human_Gli1 Gli1 S. cani i T SDLTALDD-SPIVDSTVSSGTSATSLOLRKNMTAPQRFEQLKKEKLKQVRDI PSWANPV-PPV
— " canicula Gli3 NHSNSGT. DLSAIDEA-PIMDST LOARRNLTG' D LKVEQLKQVNGLL TIPAT-
100 mouse_Gli1 :
C.intestinalis _Gli T TSI SO T ORI

Figure 2—figure supplement 1. Phylogenetic tree of Gli2 and Gli3, and PDD amino acid sequences. (A) Trees for Gli2 and Gli3 were generated from
amino acid sequences of the zinc finger domain and PDD. The neighbour-joining method was used for constructing the trees. The numbers at nodes
indicate bootstrap probabilities with 1000 replicates. (B) Human Gli3 (the upper diagram) is composed of an N-terminal repressor domain (Repressor),
a DNA-binding domain (Zinc finger), and a C-terminal activator domain (Activator). The alignment shows the homologous PDD domains from both human

and S. canicula Gli2 and Gli3.
DOI: 10.7554/eLife.07048.008
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Figure 3. The Gli3 limb-specific enhancer of S. canicula and C. milii. (A) VISTA plots of Gli3 intron 3 from indicated animals. Blue vertical bars, exons of
human Gli3; black rectangle, element 1586. Regions with >70% identity are indicated: blue, exon; pink, non-coding sequences. (B) The enhancer
construct. (C) GFP expression in chick forelimb buds driven by chick element 1586 at stage 19 (top, n = 3/3), stage 23 (middle, n = 14/14), and empty
vector (bottom, n = 0/7). pPCAGGS-RFP (right). (D-F) GFP expression driven by element 1586 of S. canicula (D, n = 11/11), C. milii (E, n = 10/10) and
Sc1586mt (F, n = 4/4). Scale bars, 100 pm. (G) Scheme of Sc1586mt, S. canicula enhancer (blue) partially replaced by chick sequence (green) and alignment.
Boxes indicate tetrapod (i) and sarcopterygian (i) specific sequences.

DOI: 10.7554/eLife.07048.009

Onimaru et al. eLife 2015;4:e07048. DOI: 10.7554/eLife.07048 8 of 10


http://dx.doi.org/10.7554/eLife.07048.009
http://dx.doi.org/10.7554/eLife.07048

LIFE

A

10 20
P O |

Developmental biology and stem cells | Genomics and evolutionary biology

40 50 60 70

30

GGATTCAGACTTGCCATTTAACCT

TCCCGGCTCCAATTCC CA-TTGA G CTC CAGTGAGGGGG

80 90 100

110
I N I R . 1

120
[ B
ATTCAGAAA-T

Human A--CTG-GTTTGTGTTTCCCCTTTTCCACATC
Mouse eGARATAGECTCGCCATTTAACCT - TCCTGCCTCCAGTTCC-AGATGATCCA - TTGA G- CTC - CAGAGAAAGAG-A- ~CTG-G- - TETGTTTCCCTTTTCCCACATC - GTTCAGAAA-T
Chlck GG~ TACACATTTGCCATTTAACCT  TCGAATCTCCAGTTCC G TTAA - GACCCAC: TGTGT TGACTTTTTTTCCCTCCACATA ATTCAGAAA T
)(' tropica/is GGATATGGCTTTGCAGTTTAACCT - TTTGCTCCCCTATTCT -AGATGA - - CACTTGGCG-TCC-CACAARAAAGGC A~ -CCA-GTCTG- CTCTTTTTCCTTTCACATT ATTCACAAACT
Coelacanth ¢ aeaCTGETTTCCTCTTTAGITTG TCAAGCTGCACCTCTCAAGTAAGAAA GGGA G- CCT-AACGAAGAGGG G-~ CCA GTGTG GAGGCTTTG T -ACATT GCTTAGAARAG
S. canicula ceAGGCAAGCATGCTTTTAAGTCTGTCCAGACTGTGTTTCT -AATCAACACG - TTGA G- CCT-CACAGAG- GGG~ T~ -CTG-ATCTG-GTG-CTTTC T~ -ATATTAGCC AGAAG G
C. milii TGAGGCAGACATGCTTTCAAGTCT - -CCAGACTGCATTTGC AATCAACACA TTGA G- GCC-CATGGAG GGG G- ~CCG-GICTG-GTG CTTTC T -ACATTAGCC AGARA G
131 14 150 1 170 18 1 q 21 2 HEE
e Boed L ey BOX G
Human rrracreTTTTAAGECARRAGETCATTAGCCAGATGACTGATTAGTGAGGACAGCTGATTAGTGCATGTTTTTTTGCTC ARGARR GFGCCCAGG - A! GCTAATTTCATCCCTT
MOUSe TTTAGTGTTTTAAGGCAAAAGGTCATTATCCAGATGACTGAT! AGCTGAT" 'TATTTTGCTC - AAGAAA GFYGCCCAGG- - ATRAAAGCTAATTTCATCCCTT]
ChICk TTTAGTGTTTTAAGGCAAAAGGTCATTAGCCAGGCAACTGATTAGTGAGGACAGCTGATTAGTGCATGTTTTTTTGCTA  AAGAAA  GYGCCAGGG - -ATRAAAGCTAATTTTATCCCTT]
X. tropicalis TTTAGCGTTT ATGTTAAAAGGTCATTGACC TGAT AGGGACAGC! TGCHCAG-GTTT GAAGAA AGGG - - ATRAAAGCTAACCTTCCTCCTT|
Coelacanth TTTAACATCGAAAGGTAAAAGGTCAGTGGCC GACTGA. AGACAGCTGATTAGTGCH - GGETTTT AACCCTA-GEGCT ARAGCTAATTTTATCCCTT|
S. canicula TT TTGGGT AAGGTCATTGGGC AAAGACGGCTGAT GG~ - TTTTAGTAT TAGAA ATGCCAGGG - ATFAAAGCAGGTTTGATTGTCT)
C. milii TTTAGTAT AAGGTCATCGGAC: TGATTAGCCAAGACAGCTGATTAGTGGH GG ~GTTTAACAT TACTG GJGCCAGGG - -ATGAAAGCAGATTTGATTGACT
z 260 270 280 290 300 310 320
R O TP N AN N R S P DU IS BN B R B
Human caTTAGTTGG CTTGCA-GCA-AAGG--~GGAA- - -T-GCTC-ACTCC- - -T-CAGATCAAAGG- -GCCTCGCA- T
Mouse CATTAGTTGG-CT-GCAAGCA-AGGG- - -GAAG-GCTCACTC-ACTCC- - -T-CAGATCARAGC - GCCTCGAAG-C
Chick CATTAGTTGGGCTAGCA-GCA-AAGG- - -GGAATGTTCACTC-A-TCAGGGTGCAGATCAAAGTATGTCTCACA - -C
X. tropicalis caTTAGTGAG- TAAGCA-GCATAARACAAGGAATGCTCACTT - GCTGGGG AGGAGATCAAAGT - - GCTTTACAAATTTA
Coelacanth carTacTaGE TTGGCA-GCA-ARGG- - -AGRATGCTCACTC-A-TCAGGGTGCAGATCARAGT - - GTCTCATARACTT
S. canicula tarTacc TTAGCA-GCA-GAGG- - -GGAATGTACACTTTA-T-AGAACTTG-ATCAAAGA -~ GATTC-TAAATGTC
C. milii GACTC-GARATCTC

CATTAGC TTGGCA - GCA-GAGG -~ -GGAATGTACACTTTA T AGGACTTGGATCAAAGA

B

S. canicula 5' b Chick 3'

a

Chick 3' S. canicula 5'

 —
Element 1586
pCAGGS-RFP

Element 1586
PCAGGS-RFP

Cc

S. canicula sequence

S. canicula sequence in Box i . . . .
q including Box i and ii

— S — R  —E——

Chick element 1586 Chick element 1586 Chick element 1586

S. canicula sequence in Box ii

Chick element 1586

Figure 3—figure supplement 1. Detailed functional analyses of element 1586. (A) Alignment of element 1586 sequences. Points where chick and S.
cacnicula enhancers are recombined in (B) are indicated by arrows a and b. Box i and Box ii are sequences that are replaced with S. canicula sequence in
(C), activities of element 1586 recombined at the indicated points. Note that the posterior repressive activity is not altered at arrow a, but partially
destroyed at arrow b, suggesting that the repressive sequences are located between arrow a and b and after arrow b. (C) Activities of chick element 1586
that are partially recombined with S. canicula sequences at Box i and Box ii in (A). The sequences were chosen because of specific conservation among
tetrapods (Box i) and sarcopterygians (tetrapod and coelacanth, Box ii). Each of replacement can slightly alter the posterior repression of GFP (n = 3/3).
Figure 3—figure supplement 1. continued on next page
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Figure 3—figure supplement 1. Continued

When the chick enhancer is replaced by both sequence (the most right panel), the distal GFP expression is significantly shifted to the posterior limb buds
(n = 4/4, white arrow). And weak expressions are also detected in the posterior proximal limb buds (n = 2/4. arrow head in the bottom panel, magnified
view of the above white box with enhanced contrast), suggesting that the sequences at Box i and Box ii are partially responsible for the posterior
repression. Scale bars, 100 pm.

DOI: 10.7554/eLife.07048.010
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Figure 4. RA treatment causes ectopic activation of Shh signalling and loss of anterior skeletal elements. (A-E) In situ hybridisation of S. canicula
pectoral fin buds for Ptch1 (A; left fins flipped horizontally), Hand2 (B), Pax9 (C), Alx4 (D), and Hoxa13 (E) treated with 1% DMSO or 1 pg/ml retinoic acid
(RA) (n = 2/2 for each for each except n = 4/4 for Hand2). Arrowheads in C, a weak expression of Pax9. White brackets in E, width of Hoxa13 expression
domain along the proximal-distal (PD) axis. (F) Pectoral fin skeletal patterns of 1% DMSO control (n = 4) and 1-2 pg/ml RA (n = 4). Right panels, schematics
of interpretive skeletal patterns. *, an anterior proximal radial; **, a fused radial attached to the metapterygium; pg, pectoral girdle; ppr, pms and pmt,
proximal propterygium, mesopterygium and metapterygium. Scale bars, 100 pm. (G) Comparison between S. canicula fin and mouse limb. Green and
blue colours represent anterior—posterior (AP) positional information. ppr, pms, and pmt denote proximal propterygium, mesopterygium, and
metapterygium, respectively.
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