Basal epidermis collective migration and local Sonic hedgehoqg
signaling promote fin skeletal branching morphogenesis
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Basal epidermal Sonic hedgehog (Shh) signals short- Shh-mediated ray branching is conserved in all fins Shh signaling restrains collective migration
range to progenitor osteoblasts to branch fin rays shha:GEP: drug treated 21-42 dpf of bone-associated basal epidermal cells

comprised of two hemi-rays and segmented by joints (Fig. 1B).
Rays are enveloped in a multilayered epidermis. We recently
showed Sonic hedgehog (Shh) signaling specifically promotes
ray branching during adult caudal fin regeneration (Fig. 1C, D)
by basal epidermal-initiated signaling that directs adjacent pro- — e — |
genitor osteoblasts (pObs) into split pools (Armstrong et al,  ProxeDist
2017). We investigated if and how Shh signaling similarly func- SR ~ “ -

tions during developmental ray branching. We characterized
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/ Shha and receptor Ptch2 expression and activity in distal out- Fig. 4 Developing shha:GFP;runx2:mCherry pectoral fins treated with BMS (B) do not form
growing regions of fin rays. We used the small molecule branched rays as compared to DMSO-treated controls (A, n=6 per group). runx2:mCherry is -

/ BMS-833923 (hereafter termed BMS), which chemically inhibits expressed in progenitor osteoblasts (pObs) and perdures along ray lengths. Shh+ bEps and ~ : Starting Position

il the downs.trearr.\ Hh target Smo, to denr.\ons’.crate sustain.ed Runx2+ pObs are expressed in distal ray regions of all fins (caudal, dorsal, anal, pelvic, and n=159 cells  (um from end of bone)
Shh/Smo signaling is required for branching in all fins. Live pectoral). Ray branching of all fins is inhibited by BMS (data not shown).
e time-lapse imaging and cell migration tracking revealed

Hh/Smo signaling slows the migration of basal epidermal cells
by apparent tethering to pObs. We conclude short-range Shh . . .
signaling positions pObs to form branch points by restraining Sustained Shh/Smo Slgnallng prOmOtes ray

collective migration of the basal epidermis.

sp7:eGFP; Zebrafish caudal fins robustly develop and regenerate elabc?— shha:GFP; Starting Position vs
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Fig. 7 Dorsal Ray 3 MIP of representative 23 dpf shha:GFP;runx2:mCherry fish at the end of 30
min time lapse imaging (A, A, B, B’). Colored tracks show displacement of individual Shha:GF-
P+ bEps over 30 minutes. Grey dashed lines indicate the end of the ray as marked by the most
distal Runx2+ pOb (Position “0”). n=159 Shha:GFP+ bEps (grey spheres, A-A’) from 5 fish were
EXA LY _, R\ tracked from DMSO-treated fish and n=135 from 4 BMS-treated fish. Cell starting positions
shha:GFP; AN NNNLCTTT ) (X-displacement from most distal pOb in microns at time 0 min) are plotted against individual
T Live Image 19 dpf After AR \ \{ ; W 1/ cell speeds (C, D). Shha:GFP+ bEps located past the end of the bony ray in control fish undergo
Nﬂ Branching NN IRy a rapid increase in migration speed (C) which is not apparent in BMS-treated fish (D). Colors
7 et - BGEAS CR represent cells from the same fish and different colors indicate different fish.
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L — A mf A\ | i ! | Iid. ] R In this study we confirm Shh signaling is required for developmental fin ray branching as it is
| _Fig 5 Staggering treatment of sp7:EGFP caudal fins with BMS ( (B)I in regeneration. We demonstrated Shh is expressed in a subpopulation of basal epidermal
e during (C), and after branching (D) reveals semi-branched rays treated with BMS re-fuse cells (bEps) located immediately adjacent to progentior osteoblasts (pObs) in distal growing

Fig. 2 Shha expression in the developing caudal fin is restricte to distal fin basal epidermis back into one ray (F, red arrowhead in F'), whereas ‘before’ fins remain unbranched (E, E; La?y.rggions. ALk Gl Shh+|bEps act Ic?calcljy on rgsponsi\;e Ptﬁ?\2+ bEp§ ancIJ! prs. Chbemica;]I.in—
(bEp) in 14 dpf mid-larvae (A) until splitting immediately preceding ray branching (B) in 30-33 yellow arrowhead indicates lack of typical branching) and ‘after’ fins remain branched (G, ]'cb 'Itl'%” Valiig 6 reveﬁhed.a S“Stg'”e geq“'lze.me”t of j / f\mo S'?”Ef‘ nd :c” 'ay dr?ﬁnc g
dpf juveniles. ptch2:Kaede, which reports on Hh-responsive cells and pathway activity, is ex- G’). White arrowheads in I'and K’ designate the start of branching. n=4-5 per group. of all fins, suggesting Shin-directed ray branching precedes the evolution of paired fins. We

oressed along ray lengths at 14 dpf (C) and follow splitting Shh+ bEps at 30-33 dpf (D). (E-G) used live imaging to show Shh+ bEps and pObs share direct and extensive surface contacts.

Single optical slices of ray 3 distal regions. shha:GFP co-localizes with bEp marker Np63. ptch2:- UG ErPEBfireEte/iie) i) @l HRE Mg (el ce Slliny 19ips evekping [pOlos neve siomee) ik

Kaede co-localizes with Shh+ bEps and Runx2+ progenitor osteoblasts (pObs). Shh+ basal epidermis and progenitOr osteoblasts i IREL uls]Ee el ELE D Stk o8 eSSl BRSSO VA I Cilsbb S lis
clude localized heterotypic interactions between Shh+ bEps passing over distal pObs re-

are CIOSQIy aSSOCiated in Iive, deveIOpi ng rays strain their migration and slowly displace pObs into split pools to form branch points.

Active Shh/Smo Signaling is restricted to Ray 3 Single Optical Slice, 34 dpf shha:GFP; treated 24-34 dpf Fig. 8 Schematic | shhas LONgitudinall|B Transverse
. . . sections of a branch- = e |
outgrowing distal ray regions ing ray. Shh+ bEps ’ =

Prox«J}»Dist (green) are adjacent |
Ventra to Runx2+ pObs Runx2+,Sp7+  Runx2+
(magenta) of either hemi-ray. Proximally maturing bone is marked by Runx2/Sp7.
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Dorsal g How does collective epidermal migration direct skeletal patterning? We propose a model in

Prox<—I—>Dist . which heterotypic adhesion between Shh+ bEps and pObs enables skeletal positioning. We

Ventral hypothesize the Shh ligand is membrane-retained instead of secreted and may itself act as an

20 um 20 um adhesive molecule with Ptch2+ pObs. We plan to test this hypothesis with primary cell culture
il (| 1) TR Prox «——> Dist adhesion assays. We are additionally investigating how shha is locally activated.
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Fig. 3 The caudal fin of a 28 dpf ptch2:Kaede fish immediately after permanent photoconver- : \
sion (0 hours post photoconversion, 0 hpc) in a distal region of interest (grey octagon, A, B). All S " L Stank Lab
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green-emitting Kaede protein (A) is fully converted to red (B). 24 hours later (24 hpc), new _ ww . Joshua Braunstein* ACknOWIngementS Qs oy ) o e
green Kaede protein within the photoconverted ROl is expressed in bEps and pObs of distal Fig. 6 Confocal single optical slices of dorsal ray 3 in live 34 dpf shha:GFP;runx2:mCherry fish. Dr. Kryn Stankunas Institutional Support Funding P
outgrowing ray regions (C, D). Photoconverted bEps are distally displaced (grey brackets, D) to Shh+ bEps ovgrlying each hemi-ray of Runx2+ pObs share extensive surface contacts (A, B) Dr. Scott Stewart AQACS Zebrafish Facility ~ UO Institute of Molecular Biology m)
accommodate newly produced Kaede domains. that are not disrupted by BMS treatment (C, D). *Project co-lead UO Microscopy Core T32 Genetics Training Grant




