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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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The raw data for RNA sequencing generated in this study have been deposited in the NCBI SRA database under accession code SRR12095157 - SRR12095158 for
Figs. 1c, 1f, EDF5-6, and SRR12095360 - SRR12095363 for Figs. 6a-c, EDF25-26 (https://trace.ncbi.nlm.nih.gov/Traces/sra/sra.cgi?
view=run_browser&run=SRR_number [i.e. SRR number: SRR12095157]). Source data are provided with this paper. The source data for Figs. 1b,d,e, 2c,d, j, 3b,d,e,
4l, 5e,f, 7a,d and EDF 2d, 3b, 7b, 8b, 9a,b, 10, 11b,c, 12a, 13b, 17, 19c,d,e, 20b,d, 23b,c, 26b,d, 28b,c, and 29b have been provided as Source Data file. Unprocessed
original scans of blots in Figs. 1a,b, 2b,e,f,g,i,l, 3a,c,f,g, 4b,c,d,f,g,h,i,j,k, 6d,e are shown in Source Data file. Unprocessed original scans of blots in EDF 2b,c,e, 4b, 7e,
9c,d,e, 12b, 14, 15c,d,e, 16b,c, 18d, and 24c and the mass spectrometry data in Fig. 2h are shown at the end of the Supplementary Information file.

Interaction for genes related to cartilage and/or bone development, BMP signaling, TGF-! signaling, and Wnt signaling was searched using STRING database
(https://string-db.org/) with high confidence score (#0.7)

For in vitro experiments, sample size was three to six replicates, which was determined based on researchers' experience and widely used
numbers of experimental replicates in the published literature.

For animal experiments, a sample size of at least 3 or more was used, and there was a limit to increasing the sample size significantly due to
the nature of the use of sex-matched littermates.

On principle, data were only excluded for failed experiments, reasons for which included suboptimal activation and microbial contamination.

All experiments were repeated at least three independent experiments, and were replicated by independent researchers. The data shown in
the manuscript are representative of at least successful experiments.

Most experiments carried out in our study are cell-based molecular work. For in vitro experimets, no randomization was necessary since cells
were counted before seeding for differentiation or other experiments (Treatment or transfection, etc), so equal amounts of cells were assured
in experimetal or control wells. No randomization of mice. Mice analyzed were littermates and sex-matched.

Most of the in vitro experiments using cell (with Knock out or Overexpression) were difficult to apply blinding, but the results were interpreted
without bias, and repeated experiments were performed three or more times. The experiments were designed based on preliminary data and
pilot experiments.

The transplantation experiment using rabbit was conducted by a related company, and technicians performed the procedure in complete
blindness.
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Materials & experimental systems
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Eukaryotic cell lines
Policy information about cell lines
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Authentication

Mycoplasma contamination

Supplementary Table 1 provided with manuscript contains information on all antibodies used in the study.

Antibodies used have been used in the literature and also validated by manufacturers.

alpha-tubulin, Sigma aldrich, B-5-1-2 was validated here : https://www.scbt.com/ko/p/alpha-tubulin-antibody-b-5-1-2

beta-catenin, Cell signaling Technology, D10A8 was validated here : https://www.cellsignal.com/products/primary-antibodies/b-
catenin-d10a8-xp-rabbit-mab/8480

beta-actin, Sigma aldrich, AC-15 was validated here : https://www.sigmaaldrich.com/KR/ko/product/sigma/a5441

CD31, BD Pharmingen, 553373 was validated here : https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-
reagents/research-reagents/single-color-antibodies-ruo/pe-rat-anti-mouse-cd31.553373

Col2a1, Santa cruz biotechnology, M2139 was validated here : https://www.scbt.com/ko/p/col2a1-antibody-m2139

Flag, Roche, M2 was validated here : https://www.sigmaaldrich.com/KR/ko/product/sigma/f3165?
gclid=Cj0KCQjwgMqSBhDCARIsAIIVN1UzDmItyvH8ukCko-a2OKWdreEN_IMMvQamJEJni8CG3rsg3ChiuR4aAhVFEALw_wcB

GFP, abcam, ab6556 was validated here : https://www.abcam.com/gfp-antibody-ab6556.html

Gsk-3beta, Cell signaling Technology, 27C10 was validated here : https://www.cellsignal.com/products/primary-antibodies/
gsk-3b-27c10-rabbit-mab/9315

GST, Santa cruz biotechnology, B-14 was validated here : https://www.scbt.com/ko/p/gst-antibody-b-14

HA, Santa cruz biotechnology, F-7 was validated here : https://www.scbt.com/ko/p/ha-probe-antibody-f-7

Lamin B, Santa cruz biotechnology, B-10 was validated here : https://www.scbt.com/ko/p/lamin-b1-antibody-b-10

Mast4, Bioworld technology, BS5791 was validated here : https://www.bioworlde.com/pdf/BS5791.pdf

Mast4, Abclon, Customized antibody : Since this antibody was custom-made by us, we directly validated it. This antibody successfully
detected the transfected Exogenouse Mast4.

Mmp13, Abcam, ab39012 was validated here : https://www.abcam.com/mmp13-antibody-ab39012.html

Myc, Santa cruz biotechnology, 9E10 was validated here : https://www.scbt.com/ko/p/c-myc-antibody-9e10

non-p-beta-catenin, Cell signaling Technology, D13A1 was validated here : https://www.cellsignal.com/products/primary-antibodies/
non-phospho-active-b-catenin-ser33-37-thr41-d13a1-rabbit-mab/8814

Osterix, Abcam, ab22552 was validated here : https://www.abcam.com/sp7--osterix-antibody-ab22552.html

phospho-Gsk-3beta, Cell signaling Technology, 5B3 was validated here : https://www.cellsignal.com/products/primary-antibodies/
phospho-gsk-3b-ser9-5b3-rabbit-mab/9323

pSerine, Sigma aldrich, PSR-45 was validated here : https://www.sigmaaldrich.com/KR/ko/product/sigma/p5747

Runx2, Cell signaling Technology, D1L7F was validated here : https://www.cellsignal.com/products/primary-antibodies/runx2-d1l7f-
rabbit-mab/12556

Runx2, R&D, MAB2006 was validated here : https://www.rndsystems.com/products/human-runx2-cbfa1-antibody-232902_mab2006

Smad3, Abcam, ab28379 was validated here : https://www.abcam.com/smad3-antibody-ab28379.html

Sox9, Abcam, ab3697 was validated here : https://www.abcam.com/sox9-antibody-ab3697.html

Sox9, Cell signaling Technology, #82630 was validated here : https://www.cellsignal.com/products/primary-antibodies/sox9-d8g8h-
rabbit-mab/82630

Sox9, Millipore, AB5535 was validated here : https://www.merckmillipore.com/KR/ko/product/Anti-Sox9-Antibody,MM_NF-AB5535

human embryonic kidney cell line, HEK293T, murine mesenchymal stem cell line C3H10T1/2 and prosteoblast cell line
MC3T3-E1 cells were obtained from the American Type Culture Collection (ATCC). ATDC5, chondrogenic cell line was
obtained from RIKEN BRC.

The human primary chondrocytes(hPC) and human bone marrow-derived stem cells (hBMSC) were kindly provided by SCM
Lifescience (Incheon, S.Korea), where established hBMSC lines through the subfractionation culturing method (Yi, T. et al.
2015)

Cell line authentication was confirmed by short tandem repeat (STR)-profiling

All cell lines tested negative for mycoplasma contamination.




