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SUPPLEMENTARY FIGURES AND LEGENDS 

Figure S1. Shh-Cre;β-CtnEx3/+ mutant mice show defects in limb development. (A-B) 

Compared to control (β-CtnEx3/+), Shh-Cre;β-CtnEx3/+ mice do not show a robust external 

morphology changes at E13.5, except for the limbs. (C-D) Higher magnification of forelimbs 

indicates the malformation of limb in Shh-Cre;β-CtnEx3/+ mutant mice, missing one digit at 

E13.5. (E-F) At E18.5, the limb development defects persist in Shh-Cre;β-CtnEx3/+ mutant. In 

addition to missing one digit, the other digits show features of syndactyly. Scale bars in B, D and 

F are 1 cm, 1 mm and 3 mm, respectively.  
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Figure S2. Stabilization of β-catenin in ventral midbrain does not increase cell death. (A-B) 

Double immunofluorescent staining using tyrosine hydroxylase (TH) and activated caspase 3 

antibodies show no increase in cell death in the vMB of Shh-Cre;b-CtnEx3/+ mutants. 

Arrowheads indicate activated caspase 3+ cells. Scale bar in B is 100 µm. (C) Quantification of 

the total number of activated caspase 3+ cells in vMB of control (β-CtnEx3/+) and Shh-Cre;β-

CtnEx3/+ mutants.  
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Figure S3. E13.5 ventral midbrain cultures show antagonistic effect between canonical 

Wnt/β-catenin signaling and Shh. (A) Schematic diagrams illustrating the culture conditions 

for E13.5 vMB culture. Briefly, E13.5 vMB progenitor cells are treated with Shh alone, GSK3β 

inhibitor CT99021 alone, or with a combination of or Shh and CT99021 (panels B-D). (B, C) 

Compared to control, treatments with Shh (B) or CT99021 (C) alone increase the number of DA 

neuron. (D) Combined treatments of Shh and CT99021 show an antagonistic effect. When treat 

the cells with Shh (250ng/ml) and increasing amount of CT99021 (from 0.1 to 2.5 µM), it 

decreases the DA neuron number (n = 3).  
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Figure S4. Co-expression of tyrosine hydroxylase (TH) with dopaminergic markers, Foxa2, 

Nurr1, and Pitx3, in mESC-derived DA neurons. (A-F) Immunofluorescent images show that 

the majority of TH+ neurons derived from mESCs under basal culture condition express 

midbrain dopaminergic marker Foxa2 (A-C) or Nurr1 (D-F). (G-I) Furthermore, about 30-40% 

of TH+ neurons from mESCs also express Pitx3 (G-J). Scale bar is 50 µm. (J) Quantification of 

the co-expression of TH-Foxa2, TH-Nurr1 and TH-Pitx3 in mESC cultures (n=3). 

 
 
 


