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Supplementary Figure Legends:
Fig. S1(Related to Fig.1). A high content screen for compounds driving Smo ciliary tranlocation. (A) A 500nM solution of the small molecule Smo agonist SAG was serially diluted in low serum medium Smo::EGFP/Ivs::tagRFPT cells were treated with varying concentrations of SAG.  Here and elsewhere, the Ivs::tagRFPT images were shifted leftwards by 5 pixels to show both Smo and Ivs signals in merged images. Scale bar: 5µm. (B) Multi-parametric quantification of data sets in the high content assay: mean (±S.D.) from duplicate experiments are presented. (C)A 15µM Cyc solution was serially diluted in low serum medium and introduced to Smo::EGFP/Ivs::tagRFPT cells. Scale bar: 10µm. (D) Multi-parametric quantifications of data: mean from duplicate experiments. (E) A 200µM solution of FKL was serially diluted in low serum medium and applied to Smo::EGFP/Ivs::tagRFPT cells. Note the lengthened cilium of treatment with FKL evident by lengthened Ivs::tagRFPT domain.  Scale bar: 10µm. (F) Multi-parametric quantification of data sets: mean (±S.D) from four replicates. (G) A Plot of relative Smo::EGFP+ cilium count normalized to cell number for putative agonist screen. Each dot represents the measurement of over a thousand cells in each well. Compound libraries were assayed at 10µM. SANT-1 and SAG were used at 1µM and Cyc at 10µM. (H) The chemical structure of LY294002. (I) Representative images of Smo::EGFP/Ivs::tagRFPT cells treated with 30µM LY294002 in comparison with DMSO vehicle only. Scale bar: 10µm. (J) Quantification of Smo::EGFP positive cilia upon treatment with varying concentrations of LY294002 (red) and dose dependent inhibition of Shh ligand driven pathway activity by LY294002 (blue). (K) High content quantification of various parameters of treatment with varying concentrations of LY294002.  Means (±S.D) from four replicates were presented. (L) Structures of all glucocorticoids (in alphabetical order) demonstrated to promote Smo ciliary accumulation. (M) High content image analyses of Smo::EGFP/Ivs::tagRFPT cells treated with a different concentrations of FA. Measurements were performed in quadruplicate scoring several hundred cells in each sample. Data display mean values (±S.D). (N) Representative images of immunofluorescence of cilium markers including acetylated tubulin(acet-tub), detyrosinated α- tubulin(glu-tub), and Arl13b, and quantification of Arl13b measurements upon treatment with FA or the vehicle. (O) Wnt signaling activity as measured by Top-flash signal was not affected when FA was applied alone, simultaneously with Wnt3a ligand or whenreporter cells were pre-treated with FA prior to Wnt3a ligand addition. Measurements were performed in quadruplicate. Data display the mean (±S.D.).

Fig. S2(Related to Fig.2). Analyses of Smo ciliary accumulation induced by overexpression or FA. (A) Comparison of the dose-response required for activating the Hh pathway when over-expressing Smo (red curve) or GFP (green curve) in reporter cells. Experiments were performed in quadruplicate. Data display the mean (±S.D.). (Inset) A representative image of a Smo over-expressing cell line shows Smo accumulation in the PC in the absence of ligand. Scale bar: 10 µm. (B) Representative images taken immediately, 8hours, and 24 hours after FA(10 µM) withdrawal. (C) Time lapse plots of the fluorescent intensity of Smo::EGFP and Ivs::tagRFPT at the PC following FA(10 µM)  withdrawal. Data display the mean (±S.D.) calculated from four repeats measuring several hundred cells in each sample. Scale bar: 5 µm.

 (D)Measurements of Gli-luciferase activity of wildtype and Smo-/- MEF cells treated with FA and TA respectively. Data represent mean (±S.D.) of triplicated samples. P values from student t tests comparing with DMSO treated controls were labeled. “n.s.” stands for “non-significance”. (E) Graphs of dose dependent reduction of FA driven Smo accumulation within the PC on increasing levels of SANT-1 and GDC0449. Mean (±S.D.) of relative number of Smo+ PC calculated from analysis of several hundred cells in quadruplicate treatments. (F) Representative images. Scale bar: 5 µm.

Fig. S3(Related to Fig.3). FA confers resistance to Hh pathway inhibition by the Smo antagonists Cyc and SANT-1. (A-B) Cyc (A) or SANT-1(B) mediated dose dependent inhibition of Shh ligand induced Hh pathway activation in the presence or absence of 10 µM FA. (C) SANT-1 mediated dose-dependent inhibition of Smo accumulation at the PC in response to Shh ligand stimulation in the presence or absence of 10 µM FA. (D) Representative images quantified in (C).  SANT-1 was applied at 370nM.  Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). Scale bar: 5 µm.

Fig. S4(Related to Fig.1-3). Characterization of TA. (A) Significant activation of the Hh pathway only at high doses of TA, measured by a Gli responsive luciferase reporter activity in NIH/3T3 cells. * P=0.005 and **P < 0.0001 (t-test), comparing with DMSO. (B) Measurement of Hh pathway activity in cells treated simultaneously with a fixed concentration of TA (10µM) and different concentrations of Shh ligand Treatment with Shh ligand and DMSO were used for comparison. (C-D) Representative images(C) and quantification of Bodipy-Cyc fluorescence signal(D) from competition assays. The controls, including data from a parental plasmid(pCIT) and competition by SAG or Cyc, were displayed. Mean (±S.D.) was calculated from four replicate samples. Scale bar: 10µm. (E) GDC0449 dose-dependent inhibition of Shh stimulated Hh pathway activity in the presence or absence of 10 µM TA. (F) Representative images of Smo::EGFP/Ivs::tagRFPT cells treated with GDC0449 and Shh in the presence or absence of 10 µM TA. GDC0449 was co-applied at 15.6nM with Shh+DMSO or Shh+TA.  (G) Relative Smo::EGFP ciliary intensity of GDC0449’s dose-dependent inhibition of Shh induced Smo ciliary accumulation in the presence or absence of 10 µM TA. Measurements were performed in quadruplicate. Several hundred cells were analyzed in each sample to assess the accumulation of Smo in the PC. Data plotted are mean (±S.D.). Scale bar: 5 µm. All Gli-luciferase assay samples corresponding to this figure were replicated three times. 
Fig. S5(Related to Fig.5). Analyses of GC Smo antagonists, Cic and Bud. (A) Cic structure. (B) representative images of Shh treated Smo::EGFP/Ivs::tagRFPT cells with DMSO or Cic at 30µM. Scale bar: 5µm. (C) Quantification of Smo ciliary localization of cells treated with Shh and various doses of Cic.  Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). (D) Cic dose-dependent inhibition of Hh pathway activity measured by a Gli responsive luciferase reporter activity in NIH/3T3 cells. Data plotted display the mean (±S.D.) of triplicate samples. (E) Representative images of Smo::EGFP/Ivs::tagRFPT cells treated with 100µM Bud and 5µM Cyc or varying doses of SAG. DMSO was a vehicle control for comparison. Scale bar: 5µm. (F) Quantification of Bud's dose-dependent inhibition of Smo::EGFP ciliary intensity induced by SAG or Cyc.  Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). (G) Wnt signaling activity in a Top-flash reporter assay was not affected when Bud was applied alone, simultaneously with Wnt3a ligand or by pre-treating reporter cells prior to Wnt3a ligand addition. Measurements were performed in quadruplicate. Data display the mean (±S.D.). (H and J) Representative images of Smo::EGFP and SmoM2::EGFP overexpressing cells treated with 370nM SANT-1 (H) or 370nM GDC0449 (J). DMSO was used as a control for comparison. Scale bar: 5µm. (I and K) Quantification of ciliary intensity of Smo::EGFP and SmoM2::EGFP for cells treated with varying concentrations of SANT-1(I) or GDC0449(K).  Data plotted display the mean (±S.D.) from triplicate experiments. (L) Representative images of Smo::EGFP and SmoM2::EGFP overexpressing cells treated with 100µM Cic. DMSO was used as a control for comparison.  Both Ivs::tagRFPT and acetylated tubulin (acet-tub) were examined as markers enriched in the PC. Scale bar: 5µm. (M-O) Quantification of Smo::EGFP and SmoM2::EGFP ciliary intensity (M),  Ivs::tagRFPT ciliary intensity (N), and Ivs::tagRFPT positive cilium count (O).  Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). (P) High content quantification of Smo::EGFP/Ivs::tagRFPT cells treated with Shh and varying concentrations of Bud. Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). (Q)Comparative analysis of Arl13b::tagRFPT and acet-tub in the PC of cells treated with 100µM Bud or DMSO vehicle. Scale bar: 5µm. (R) Quantitative analyses of Arl13b::tagRFPT positive primary cilia upon Bud treatment. Measurements represent several hundred cells in quadruplicate samples. Data plotted display the mean (±S.D.). (S) Measurements of Gli-luciferase activity in Smo-/- MEF cells tranfected with a plasmid expressing GFP, wildtype Smo, or SmoD473H, and treated with BSA or Shh. (T) Dose reponse measurements of GDC0449 for Shh induced Gli-luciferase activity in Smo-/- MEF cells expressing wildtype Smo or SmoD473H. (U-V) representative images(U) and dose response measurements of ciliary EGFP intensity that is fused to either wildtype Smo or SmoD473H and expressed in 3T3 cells, upon treatment with GDC0449.
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Fig.S1
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Fig. S1 (Continued)
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Fig. S1 (Continued)
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Fig. S1 (Continued)
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Fig. S1 (Continued)
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Fig. S1 (Continued)
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Fig. S2
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Fig. S3
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Fig.S4
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Fig.S5
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Fig. S5 (Continued)
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Fig. S5 (Continued)
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Fig. S5 (Continued)
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