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specific peaks in TCKO was calculated using HOMER (v4.10.4) with 200 bp around the middle points of peaks. To determine the overlapped
regions of oC-R with hyper-CG-DMRs, we used the bedtools(v2.29.0) intersect tool.

1.4 ChIP-seq and 5hmC-Seal analysis

For ChIP-seq and 5hmC-Seal data analysis, raw reads were aligned to the reference GRCm38.99 Mus musculus genome using STAR(v2.7.0e)
with the same parameters of ATAC-seq analysis. Peaks were called using MACS2 with call-summits method and other default parameters (v
2.1.6). ChIP-seq and 5hmC-Seal metaplots and heatmaps were generated using R package Enriched Heatmap.

2. IMAGING ANALYSIS for quantification of immunofluorescence positive cells: image J (1.53k)

3. Statistical analysis was performed using GraphPad Prism 8 software (8.0.1)

All data and genetic material used for this paper are available from the authors on request. RNA-seq, WGBS, 5hmC-Seal, and ATAC sequencing data generated in
this study have been deposited at NCBI GEO under accession number GSE174048 and is publicly available. Runx2 ChIP-seq data used in Figure 5.d-e and
Supplementary Figure 9 and 10 is from a published dataset in GEO under accession GSM1027478 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSM1027478) (Meyer, M.B., Benkusky, N.A. & Pike, J.W. The RUNX2 cistrome in osteoblasts: characterization, down-regulation following differentiation, and
relationship to gene expression. J Biol Chem 289, 16016-31 (2014). Source data for Figures and Supplementary Figures have been provided in the Source Data File
in this paper.

No statistical methods were used to predetermine sample size. Sample sizes were decided based on the literature and prior experience in our

laboratory (doi: 10.1172/JCI132518; doi: 10.1126/sciadv.aba4147.).

No data were excluded in this study.

For animal-based experiment, we will use at least 3 animals in one group. For cell based experiment, it will be replicated for at least twice. All
attempts at replication were successful.

Samples and mice were randomly allocated to different groups. Mice used in this study were age- and sex-matched in the same experiment.

For animal-based experiment, mice were blinded to group allocation. For cell based experiment, investigators were not blind to the
experiments as investigators were not able to influence the outcome of the experiment. The same protocols and criteria were used to
determine the difference between control and experimental group in independent experiments and the results can be well replicated.
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Animals and other organisms
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Laboratory animals

goat-anti-OPN (R&D, AF808, BDO0720111, 1:1000;), rabbit-anti-BGLAP (ABCAM, ab93876, GR3357172-2,1:200), rabbit-anti-RUNX2
(ABCAM, ab236639, GR3388032-6,1:200), mouse-anti-5mC (ABCAM, ab10805, GR284756-4, 1:1000), rabbit-anti-5hmC (active motif,
39792,1:1000), rabbit-anti-Col10a1 (Abclonal, a6889, 3561636001, 1:200), rabbit-anti-Mmp13 (Proteintech, 18165-1-AP, 021, 1:200),
rabbit-anti-Osx (ABCAM, ab22552, GR3357012-2, 1:200), biotin-anti-PCNA (Biolegend, 307904, B213618, 1:200), rabbit-anti-Cleaved-
Caspase3 (CST, 9664T, 21, 1:200), Donkey-anti-mouse 488(Molecular Probes, A21202, 1:1000), Donkey-anti-goat 488 (Molecular
Probes, A11055, 1:1000), donkey-anti-rabbit cy3 (Jackson ImmunoResearch, 711-165-152, 1:1000), APC-Streptavidin (BioLegend,
405207, B266711, 1:500), HA antibody (Santa Cruz Biotechnology, sc-7392, 1:2000),Flag antibody (Sigma, F3165-5MG, 1:5000), Anti-
mouse-immunoglobulins/HRP (Abbkine, A2502, 1:2000),Pol II antibody (Millipore, 05-623, 3ug/1×10^6 cells),Normal IgG (Millipore,
12-371, 3ug/1×10^6 cells).

All antibodies used in this study were verified by the vendor.

goat-anti-OPN: https://www.rndsystems.com/cn/products/mouse-osteopontin-opn-antibody_af808

rabbit-anti-BGLAP: https://www.abcam.com/osteocalcin-antibody-ab93876.html

rabbit-anti-RUNX2: https://www.abcam.com/runx2-antibody-epr22858-106-chip-grade-ab236639.html

mouse-anti-5mC: https://www.abcam.com/5-methylcytosine-5-mc-antibody-33d3-ab10805.html

rabbit-anti-5hmC: https://www.activemotif.com/catalog/details/39791/5-hydroxymethylcytidine-antibody-pab

rabbit-anti-Col10a1: https://abclonal.com.cn/catalog/A6889

rabbit-anti-Mmp13: https://www.ptglab.com/products/MMP13-Antibody-18165-1-AP.htm

biotin-anti-PCNA: https://www.biolegend.com/en-us/products/biotin-anti-human-mouse-rat-pcna-antibody-813?GroupID=GROUP28

rabbit-anti-Osx: https://www.abcam.com/sp7--osterix-antibody-ab22552.html

rabbit-anti-Cleaved-Caspase3: https://www.cellsignal.com/products/primary-antibodies/cleaved-caspase-3-asp175-5a1e-rabbit-
mab/9664

Donkey-anti-mouse 488: https://www.thermofisher.cn/cn/zh/antibody/product/Donkey-anti-Mouse-IgG-H-L-Highly-Cross-Adsorbed-
Secondary-Antibody-Polyclonal/A-21202?adobe_mc=MCMID%7C36049315079583334622260415142316926429%7CMCAID%
3D3060DD60EDF24520-40000807E808D2E4%7CMCORGID%3D5B135A0C5370E6B40A490D44%40AdobeOrg%7CTS=1614293705

donkey-anti-rabbit cy3: https://www.jacksonimmuno.com/catalog/products/711-165-152

Donkey-anti-goat 488: https://www.thermofisher.cn/cn/zh/antibody/product/Donkey-anti-Goat-IgG-H-L-Cross-Adsorbed-Secondary-
Antibody-Polyclonal/A-11055?adobe_mc=MCMID%7C36049315079583334622260415142316926429%7CMCAID%
3D3060DD60EDF24520-40000807E808D2E4%7CMCORGID%3D5B135A0C5370E6B40A490D44%40AdobeOrg%7CTS=1614293705

APC-Streptavidin: https://www.biolegend.com/en-us/products/apc-streptavidin-1470?GroupID=GROUP23

HA antibody: https://www.scbt.com/p/ha-probe-antibody-f-7

Flag antibody: https://www.sigmaaldrich.cn/CN/zh/product/sigma/f3165?
gclid=Cj0KCQjwtvqVBhCVARIsAFUxcRuO0MSTP1uF_l_kDRtgrN2yD2s30axhKB9QnWQg0_MUsEr4Wu5yvxoaAkFfEALw_wcB

Anti-mouse-immunoglobulins/HRP: https://www.abbkine.com/product/hrp-goat-anti-mouse-igg-a21010/

Pol II antibody: https://www.sigmaaldrich.cn/CN/zh/product/mm/05623

Normal IgG: https://www.sigmaaldrich.cn/CN/zh/product/mm/12371

293T cells(ATCC, CRL-3216), C3H10T1/2 cells(ATCC, CCL-226).

This cell lines were used in our previous study and not authenticated in our lab.

All cell lines tested negative for mycoplasma contamination.

No commonly misidentified cell lines were used in the study.

Tet1fl/fl Tet2fl/fl Tet3fl/fl mice and Tet1fl/HD Tet2fl/fl Tet3fl/fl mice (gifts from Guoliang Xu, Shanghai Institute of Biochemistry and




