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Supplementary Information Text 

Extended Methods 

 
Animal sources and care  
Channel catfish: Newly fertilized channel catfish were purchased from Osage Catfisheries (Osage 
Beach, MO). Embryos were raised in a recirculating incubator system at a temperature of 26.6°C 
with constant water flow agitation to mimic aeration by the male parent. Staging of embryos and 
larvae was performed following Armstrong and Child (1). Experiments were assessed and 
approved by the University of Colorado at Boulder Institutional Animal Care and Use Committee 
(IACUC). 
 
American paddlefish: Fertilized eggs were purchased from Osage Catfisheries (Osage Beach, 
MO) and raised in freshwater tanks at 18°C following Tulenko et al. (2). Experiments were 
assessed and approved by the Kennesaw State University and James Madison University 
IACUCs. 
 
Little skate: Fertilized eggs were purchased from Marine Biological Laboratory (Woods Hole, MA) 
and fixed by 4% PFA at 4°C for whole mount in situ hybridization. Experiments were approved by 
the University of Chicago IACUC.  
 
 
Pharmacological treatments 
SU5402 is an inhibitor of Fgf signaling (3). Solid SU5402 (Tocris, Catalog No. 3300) was 
resuspended in dimethylsulfoxide (DMSO) to a concentration of 10 mM and stored in aliquots at -
20°C. Cyclopamine is an inhibitor of Hh signaling (4). Solid cyclopamine (LC Labs, Product No. 
C-8700) was resuspended in 100% ethanol to a concentration of 10 mM and stored in aliquots at 
-20°C. Pharmacological treatments were carried out in Nunc 24-well tissue culture plates 
(ThermoFisher, Catalog No. 144530) in an incubator set to 26.6°C. During treatment, catfish 
larvae were maintained at a density of one individual per well in 1 mL of 30% Danieau’s medium. 
For the 50 μM drug treatments, media for treated animals contained inhibitor plus 1% vehicle 
(DMSO for SU5402 and 100% ethanol for cyclopamine) while control animal media contained 1% 
vehicle only. Animals were treated for 8 hours beginning at Stage 39, then euthanized by MS222 
overdose and processed for in situ hybridization. For the lower dosage experiments (10 μM 
cyclopamine and 25 μM SU5402) to assess morphology, final vehicle concentration for control 
and treatment animals was 0.5%. Following treatment with the lower dosages for 8 hours 
beginning at Stage 39, animals were raised to older ages to examine skeletal development.  
 
 
Fixation and in situ hybridization 
Channel catfish: After euthanasia, animals were fixed in 4% paraformaldehyde (PFA) in 
phosphate-buffered saline (PBS). Following fixation, animals were washed twice for 5 minutes 
each in PBS plus 0.1% Tween, then washed twice for 5 minutes each in 100% methanol, and 
then stored at -20°C in fresh 100% methanol. In situ hybridization was performed following 
Jackman et al. (5) with minor modifications. For riboprobe synthesis, RNA was extracted from two 
14-day old juveniles using the Promega RNAwiz kit and cDNA was synthesized using the 
Invitrogen SuperScript II kit with random hexamer primers. The degenerate primer pair 5’-
GCNTAYAARCARTTYATHCC-3’ and 5’-SWRTACCARTGNACNCCRTC-3’ was used to amplify 
a 1013 bp region of shha and the degenerate primer pair 5’-TTYGCNTTYTGYTAYTAYGC-3’ and 
5’-GGRTARTTDATRAARTCRAA-3’ was used to amplify a 540 bp region of fgf8a for cloning and 
probe synthesis.  

 
American paddlefish: Embryos and larvae were fixed overnight in Carnoy’s solution and then 
dehydrated to 100% ethanol and stored at -20°C. In situ hybridization was performed following 
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Tulenko et al. (2). Cloning and synthesis of riboprobes for shh and fgf8 are described in Davis et 
al. (6) and Tulenko et al. (7).  

 
Little skate: To generate in situ hybridization probe complementary to fgf8, a partial coding 
sequence (nucleotides 53-561 of GenBank EU574737.1) was amplified from stage 29 cDNA by 
PCR and cloned into pCR™II-TOPO® vector (Invitrogen). In situ hybridization was performed as 
previously described (8). 
 
 
Skeletal staining 
After fixation as described above, channel catfish juveniles were cleared and stained for cartilage 
with Alcian Blue and mineralized tissue with Alizarin Red following the protocol of Miyake and Hall 
(9). 
 
 
Cryosectioning 
After whole mount in situ hybridization skate embryos were refixed using 4% PFA and preserved 
until sectioning. The embryos were briefly rinsed two times with PBS plus 0.1% Tween and then 
stepped through PBS washes with increasing sucrose concentrations of 10, 15, and 20% of 
sucrose for two hours each. After the 20% sucrose wash, the solution was replaced with O.C.T. 
compound (Sakura) and the embryos were frozen and sectioned at 8 μm.  
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