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Validation

data underlying Figures 1a,1d,1e,2a-2f, 3a, 4b, 4e, 4f, 5a,5d,5f,5h,5j,5m, Supplementary Figure 1a,2a,2b,2c, 3a, 3d,4b,and 4d are provided as a Source Data file. The
dataset(GSE9299) used in Supplementary Figure 2b is available at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE9299.

Generally, sample sizes were calculated on the assumption that a 30% difference in the parameters measured would be considered

biologically significant with an estimate of sigma of 10-20% of the expected mean. Alpha and Beta were set to the standard values of .05 and

0.2, respectively.

No data are excluded.

All experiments reported in the manuscript were replicated successfully to confirm reproducibility.

1) Immunoblotting on samples included at least 2 independent experiments, each with consistent results.

2) Animal studies were reproduced across at least 3 independent cohorts.

3) RT-PCR on mouse bone included at least 11 independent samples per each genotype and experimental group,

respectively.

4) Cilia immunostaing staining studies were underwent 3 independent replicates and data from at least 40 cells were used for quantification.

5) Immunostaining and RNA in situ on mouse samples included at least 2 independent experiments.

Specimens were assigned to group based on genotype. For all other studies using cell-lines, no randomization was needed and proper plating
controls were included for consistency. No other randomization processes were used for other analyses.

The investigators were blinded to group allocation during data collection and analysis.

Primary antibodies used for immunoblotting and immunofluorescence staining were specific for anti-acetylated tubulin (Sigma,
T7451, clone 6-11b-1,0000106162,1:1000), anti-tubulin (Santa Cruz, sc-23948,H160,C2316,1:5000), anti-HA (cell signaling
technology,3724, C29F4, 12/2017,1:2000),anti-DYKDDDDK (cell signaling technology,14793s, D6W5B, 11/2018,1:2000), anti-GFP
(Abcam, ab13970, GR89472-25,1:5000),anti-!-galactosidase antibody (GTX77365; GeneTex,1:100), anti-SHH (H-160, sc-9024, Santa
Cruz,1:1000), anti-SHH (E1, sc-365112, Santa Cruz,1:1000), anti-Osteopontin (AF808-SP, R&D systems1:400), and anti-Flag (9696S,
Cell Signaling Technology, 1:1000).

The following validation method was conducted for IF and IHC using anti-acetylated tubulin (Sigma, T7451, clone
6-11b-1,0000106162,1:1000),anti-!-galactosidase antibody (GTX77365; GeneTex,1:100),anti-DYKDDDDK (cell signaling
technology,14793s, D6W5B, 11/2018,1:2000) or anti-Osteopontin (AF808-SP, R&D systems1:400): secondary antibody was added
alone without primary mouse antibody addition as negative control. The validation statements of the other antibodies can be found
on the manufacturer's website.




