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Supplementary Fig. 1 | Single-cell QC and preprocessing for the murine bone dataset. A QC metrics per cell showing the distributions of total UMI counts (nCount_RNA), detected genes (nFeature_RNA), library complexity index (log10GenesPerUMI), and mitochondrial RNA fraction (mitoRatio). Cells outside the thresholds were excluded. B Cell numbers for each annotated population after clustering and annotation. C Scatter plot of detected genes per cell (nFeature_RNA) versus total UMI counts (nCount_RNA). D Cell-cycle phase scoring followed by regression of cell-cycle effects during normalization.
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Supplementary Fig. 2 | Intercellular communication overview. A Heatmap from CellChat summarizing the number of ligand–receptor interactions among BMSCs, adipocytes, and osteoblasts. B Heatmap of overall signaling patterns across the three lineages for major pathways.
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Supplementary Fig. 3 | Morphological and immunophenotypic characterization of primary rat BMSCs. A Bright-field image of cultured BMSCs showing fibroblast-like spindle morphology. B Phase-contrast image of BMSCs at higher magnification. C Immunofluorescence staining for CD90 (red), with DAPI nuclear counterstaining (blue) and merged image. D,E Immunofluorescence staining for CD29 (green; D) and CD105 (red; E), with DAPI counterstaining and merged images. F,G Immunofluorescence staining for CD34 (F) and CD45 (G), with DAPI counterstaining and merged images. Scale bars, 50 μm (A–C) and 20 μm (D–G).
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Supplementary Fig. 4 | Time-course qPCR analysis of osteogenic and adipogenic marker expression after modulation of the miR-29b-3p–Tet2–E-cadherin axis in BMSCs. A–C Time-course qPCR analysis of osteogenic marker expression (Runx2, Alpl, and Bglap) during induction in BMSCs transfected with miR-29b-3p mimic or inhibitor, Tet2 KD or OE, or Cdh1 OE or KD, together with the matched controls. D–F Time-course qPCR analysis of adipogenic marker expression (Cebpb, Pparg, and Fabp4) during induction in the same groups. Because the matched negative controls showed similar expression patterns, the corresponding control groups were combined for display as NC or Scramble/Vector. Statistical comparisons were performed between each perturbation group and its matched control at the same time point. Statistical comparisons were performed using two-way ANOVA followed by Dunnett’s multiple-comparisons test. Data are shown as mean ± SD, n = 3 independent biological replicates per group. * p < 0.05, ** p < 0.01, *** p < 0.001; ns, not significant.
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Supplementary Fig. 5 | Additional independent biological replicates of Western blot experiments. A–E Biological replicates 2 and 3 corresponding to Fig. 3B, E, I, L, and P, respectively. F,G Biological replicates 2 and 3 corresponding to Fig. 4D and L, respectively. Biological replicate 1 is shown in the corresponding main figure panels.


Supplementary Table 1. | Candidate miRNAs predicted to target Tet2
	miRNA
	clipExpNum
	phyloP
	TDMDScore

	mmu-miR-29b-3p
	28
	3.707
	1.4514

	mmu-miR-29a-3p
	27
	5.01
	1.3691

	mmu-miR-29c-3p
	27
	5.549
	1.3237

	mmu-miR-871-5p
	15
	3.789
	1.1711

	mmu-miR-770-5p
	27
	4.835
	0.9615

	mmu-miR-217-5p
	6
	3.357
	0.8939

	mmu-miR-3102-3p
	5
	4.263
	0.8801

	mmu-miR-501-3p
	24
	4.693
	0.8659

	mmu-miR-883a-3p
	6
	3.596
	0.8526

	mmu-miR-23b-3p
	15
	4.387
	0.8292

	mmu-miR-883b-3p
	6
	3.596
	0.7284

	mmu-miR-23a-3p
	22
	4.522
	0.727

	mmu-miR-1941-3p
	22
	3.519
	0.7143

	mmu-miR-466c-5p
	24
	3.768
	0.6016

	mmu-miR-500-3p
	26
	4.693
	0.5657





Supplementary Table 2. | Cross-species annotation of miR-29b-3p and Tet2 orthology and reference transcripts
	Category
	Mouse
	Rat

	Mature miR-29b-3p sequence
	UAGCACCAUUUGAAAUCAGUGUU
	UAGCACCAUUUGAAAUCAGUGUU

	Gene symbol
	Tet2
	Tet2

	Gene ID
	214133
	310859

	RefSeq transcript
	NM_001040400.2
	NM_001427557.1

	Transcript length
	9199 bp
	9098 bp

	CDS coordinates
	383–6121
	285–6047

	3′UTR coordinates
	6122–9199
	6048–9098





Supplementary Table 3. | Rat-specific sequence evidence supporting candidate miR-29b-3p binding sites in Tet2
	Evidence source
	Transcript / sequence basis
	Result

	Manual seed inspection
	NM_001427557.1 3′UTR 6048–9098
	canonical seed-matched sites at 3′UTR positions 552, 1104, and 1637

	miRDB custom
	submitted rat Tet2 3′UTR, 3051 nt
	rno-miR-29b-3p ranked 2nd, score 89, seed locations 553, 1104, 1638

	miRWalk
	rat Tet2 transcript XM_227694
	start 7457, end 7490, seed = 1, binding = 0.846, energy = -20.6





Supplementary Table 4. | Rat Tet2 3′UTR luciferase reporter construct design
	Item
	WT reporter
	MUT reporter

	Construct name
	Rno-Tet2-miR29b-wt
	Rno-Tet2-miR29b-mut

	Source
	GenePharma Inc.
	GenePharma Inc.

	Species
	Rat
	Rat

	Transcript basis
	NM_001427557.1
	NM_001427557.1

	Vector backbone
	GP-miRGLO
	GP-miRGLO

	Insert length
	207 bp
	207 bp

	Fragment location in transcript
	6462–6668
	6462–6668

	Fragment location in 3′UTR
	415–621
	415–621

	Tested candidate site
	First canonical 8mer site
	Same local site with disrupted seed-matched sequence

	Tested site position in transcript
	6599–6606
	6599–6606

	Tested site position in 3′UTR
	552–559
	552–559

	Local motif
	ATGGTGCT
	TTACCACG





Supplementary Table 5. | Insert sequences of the rat Tet2 3′UTR luciferase reporters
	Construct
	Insert sequence (5′–3′)

	Rno-Tet2-miR29b-wt
	atgtaggaaatactggaattaggactttttaacatgcagtttttactgtaaccttaataacttatttatcaaagtagctacagaaagctcaagtgaatgatggcaaaacactgaatttgtttgggtgttaacaTTAAATGGTGCTAcaaaaaacggtgtttttaaatagctgaaaaaaatgccttttatcatgcagccggtgtagtc

	Rno-Tet2-miR29b-mut
	atgtaggaaatactggaattaggactttttaacatgcagtttttactgtaaccttaataacttatttatcaaagtagctacagaaagctcaagtgaatgatggcaaaacactgaatttgtttgccacaaaacaAATTTACCACGATcaaaaaacccacaatttaaatagctgaaaaaaatgccttttatcatgcagccggtgtagtc


Note: Uppercase letters indicate the wild-type seed-matched motif in the WT reporter and the corresponding mutated sequence in the MUT reporter.


Supplementary Table 6. | Primer sequences
	Name
	Forward primer sequence (5'–3')
	Reverse primer sequence (5'–3')

	Tet2
	TGGAAGAACACCACCGCTAC
	GTGGGACGCAGTCATTCTGA

	Cdh1
	TCATCACAGACCCCAAGACC
	GATCTCCAGACCCACACCAA

	Nanog
	ACCTGAGCTATAAGCAGGTGA
	ATGCTGGGATACTCCACCG

	Pou5f1
	ACCTAGTCCCGAGGAGTCCC
	CTGGGTGTACCCCAAGGTGA

	Sox2
	GGATAAGTACACGCTGCCCG
	ATGTGCGCGTAACTGTCCAT

	Actb
	CGCGAGTACAACCTTCTTGC
	CGTCATCCATGGCGAACTGG

	Runx2
	TCCGCCACCACTCACTACCAC
	GGAACTGATAGGACGCTGACGAAG

	Alpl
	TATGGCTCACCTGCTTCACGG
	GCTGTCCATTGTGGGCTCTTG

	Bglap
	AGACTCCGGCGCTACCTCAAC
	GGCGTCCTGGAAGCCAATGTG

	Cebpb
	GGGTTTCGGGACTTGATGCA
	ATGCTCGAAACGGAAAAGGT

	Pparg
	TCTCACAATGCCATCAGGTTTG
	AGCTGGTCGATATCACTGGAG

	Fabp4
	ATGAAAGAAGTGGGAGTTGGC
	GTTTGAAGGAAATCTCGGTGTT
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