[bookmark: _Hlk150764097]Supplementary materials and methods

Hematoxylin and eosin staining (HE)
[bookmark: OLE_LINK23]The mandibles collected from PN 0.5, PN 3W, and PN 8W mice were fixed individually in 4% paraformaldehyde (PFA; Biosharp, Hefei, China) overnight at 4 °C and decalcified in 10% ethylenediaminetetraacetic acid (EDTA, pH 7.4) for 3 days to 6 weeks depending on the age of mice. Hematoxylin and eosin staining was performed on serial deparaffinized sections following a standard procedure.

[bookmark: _Hlk150763975]Immunohistochemistry (IHC)
The mandibles of PN 0.5 mice were fixed in 4% paraformaldehyde (PFA; Biosharp, China) overnight. Mandibles were decalcified in 10% EDTA (pH 7.4) for 3 days. All samples were dehydrated and embedded in paraffin. Sagittal sections of a 6 μm thickness were de-waxed, rehydrated, and then digested in pepsin for antigen retrieval. The slides were incubated with anti-CREB3L1 (11235-2-AP, 1:200, Proteintech, Wuhan, Chinese) antibodies at 4 °C overnight. Specimens were visualized using a diaminobenzidine reagent kit (Maixin, China) after incubation with horseradish peroxidase (HRP) secondary antibody. Then, the immunostained sections were counterstained with hematoxylin.

[bookmark: _Hlk150764009]Scanning electron microscope (SEM)
The mandibles of PN 8W WT and cKO mice were first fixed in a solution containing 2.5% glutaraldehyde (pH 7.4) at room temperature for 2 hours, then sanded, and etched. After spraying gold, scanning electron microscopy (SEM) (TESCAN, Brno, Kohoutovice Czech Republic) was performed.

Cell culture and differentiation induction
The mouse dental papilla cell line mDPC6T-Cas9 was infected with lentivirus encoding CAS9 (EF1A-spCAS9) as described previously.1 mDPC6T-Cas9 cells were cultured in DMEM (HyClone, Logan, Utah) containing 10% fetal bovine serum (Gibco, Australia), in a humidified 37 °C incubator with a 5% CO2 atmosphere. For obtaining the cell extracellular supernatant proteins, mDPC6T-Cas9 cells were cultured in DMEM containing 0.5% fetal bovine serum. For differentiation induction, as previously reported,2 mDPC6T cells were supplemented with 50 mg/mL ascorbic acid (Sigma, St Louis, MO, USA), 10 mM sodium β-glycerophosphate (Sigma), and 10 nM dexamethasone (Sigma) for 0, 12 and 24 hours or for 0, 1, 3, 5, 7 and 9 days. All media were refreshed every 2 days.
For the downregulation of Creb3l1, one pair of single guide RNAs (sgRNAs) was designed for transfection of mDPC6T-Cas9 cells. mDPC6T-Cas9 cells were transfected with sgRNAs at a final concentration of 144 nM. The monoclonal cell line was obtained by limiting dilution, and the genomic DNAs from all single cell derived expanded clones were analyzed by PCR amplification and Sanger sequencing. 
For the knockout of Tmem30b, one pair of sgRNAs was designed, the following steps just as described in the downregulation of Creb3l1 by sgRNAs. The sequences for the sgRNAs were listed in Table S6, and the sgRNAs were synthesized by GenScript (Nanjing, China). The primers used in genotyping were also listed in Table S6 and synthesized by Sangon Biotech Co., Ltd. (Shanghai, China).

Western blot analysis
[bookmark: OLE_LINK16]Cells were harvested at different time points and lysed in lysis buffer (71009-M, Merck Millipore, St Louis, MO, United States) with phosphatase and protease inhibitor (4693132001 and 4906837001, Roche, St Louis, MO, United States). Nuclear and cytoplasmic protein was separated with Nuclear and Cytoplasmic Protein Extraction Kit (P0028, Beyotime, Shanghai, China). Supernatant proteins were harvested by centrifugation at 13000 rpm for 10 minutes at 4°C. Then, protein concentrations in the lysates were measured and standardized using a BCA Protein Assay Kit (23225, Thermo Fisher Scientific, Rockford, Illinois). Equal amounts of proteins were loaded and separated by 10% polyacrylamide gel electrophoresis, then transferred onto polyvinylidene fluoride (PVDF) membranes (ISEQ00010, Merck Millipore, St Louis, MO, United States). The membranes were blocked with 5% nonfat milk in TBST for 1 hour at room temperature, and subsequently incubated at 4°C overnight with the following primary antibodies: anti-CREB3L1 (11235-2-AP, 1:1000, Proteintech, Wuhan, Chinese) or anti-TMEM30B (ab185944, 1:1000, Abcam, Cambridge, UK), anti-DMP1 (3844-100,1:1000, BioVision, CA, USA), anti-DSPP (A8413, 1:1000, ABclonal, Wuhan, China), and anti-FLAG (F1804, 1:1000, Sigma-Aldrich, St Louis, MO, United States). LAMIN B1 (ab229025, 1:1000, Abcam, Cambridge, UK) was used as the nucleus normalization control. GAPDH (GTX100118, 1:8000, GeneTex, Alton, USA) was used as the cytoplasm loading control. anti-β-ACTIN (PMK058, 1:5000, BioPM, Wuhan, China) was used as an internal reference for protein normalization. Next, the membranes were incubated with goat anti-rabbit (AP132P, 1:4000, Sigma-Aldrich, St Louis, MO, United States) or goat anti-mouse (AP124P, 1:4000, Sigma-Aldrich, St Louis, MO, United States) peroxidase-conjugated secondary antibody for 1 hour at room temperature. WesternBright ECL solution (Advansta, San Jose, California) was used to detect the signals. Protein bands were detected with an enhanced chemiluminescence system and measured by densitometric analysis with ImageJ software.

Total RNA isolation and quantitative reverse transcription PCR assay
[bookmark: OLE_LINK41]Total RNA was extracted from cultured cells using the HP Total RNA Kit (Omega Bio-Tek, Norcross, Georgia). cDNA was synthesized using the Revert Aid First Strand cDNA Synthesis Kit (K1621, Thermo Fisher Scientific, Rockford, Illinois) according to the manufacturer's instructions. qRT-PCR was performed using the CFX Connect Real-Time System (1855201, Bio-Rad, Hercules, California) and the HiScript II One Step qRT-PCR SYBR Green Kit (Vazyme, Nanjing, China). The expression levels of Creb3l1, Dmp1, Dspp, Tmem30b, and Gapdh were quantified. Gapdh was used as the internal normalization control. The sequences for the primers used in qRT-PCR are shown in Table S7, and they were synthesized by Sangon Biotech Co., Ltd. The 2-ΔΔCt method was applied to calculate gene expression. 

Alizarin Red S Staining
Cells were treated with differentiation induction medium and collected at day 0 (D0) and day 14 (D14). Cells were washed with PBS and then fixed in 95% ethyl alcohol for 10 minutes, followed by staining with 1% alizarin red S (Sigma) solution. Nodules were recorded in bright field using an inverted microscope (Axiovert 40; Zeiss, Jena, Germany).

[bookmark: _Hlk150764014]Assay for transposase-accessible chromatin with high-throughput sequencing (ATAC-seq) library preparation
mDPC6T-Cas9 cells and sgCreb3l1 were cultured in differentiation medium for 5 days. ATAC-seq libraries were generated and indexed with a TruePrep DNA Library Prep Kit (TD501, Vazyme, Nanjing, China) as previously described.3 Approximately 50,000 cells in each biological replicate were harvested and dissociated using a cell strainer via centrifugation (750×g) for 5 minutes at room temperature. The cell pellets were resuspended in lysis buffer (10 mM Tris-HCl, pH 7.5, 10 mM NaCl, 3 mM MgCl2, 0.1% NP-40) and then subjected to centrifugation (500×g) for 15 minutes at 4 °C. The supernatant was discarded, and the pelleted nuclei were immediately submitted to a tagmentation reaction using Tn5 transposase (TTE Mix V50) for 30 minutes at 37 °C. Then, DNA was purified using a Qiagen PCR purification MinElute Kit (Qiagen, Valencia, CA, USA) and eluted in 10 μL of elution buffer (EB). The purified DNA was then indexed and amplified to generate the final ATAC-seq libraries. Finally, all libraries were purified with VAHTS DNA Clean Beads and sequenced on the Illumina Novaseq 6000. Three independent biological replicates were performed for both Ctrl and sgCreb3l1 groups. 

[bookmark: _Hlk150764153]Analysis of ATAC-seq library 
Raw reads of ATAC-seq were first subjected to trimmomatic (v.0.38)4 for adaptor trimming. Quality inspections were performed before alignment using FastQC (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) to ensure the proportionate quality of all libraries. Then, the paired-end sequencing reads were aligned to the mouse genome (mm10) using Bowtie 2.5 SAMtools6 was used to remove the PCR duplicates. DeepTools27 was applied to generate bigwig files. MACS2 (v.2.1.1)8 was used to accomplish peak calling. The comparison of differentially accessible nucleosome-free regions (NFRs) between different groups was conducted using DiffBind (DESeq2 v.1.26.0)9. The Genomic Regions Enrichment of Annotations Tool (GREAT)10 was utilized to annotate differentially accessible NFRs and perform the functional enrichment assay using the default parameter. Finally, coverage plots for ATAC-seq results were generated using DeepTools2, uploaded to Cyverse, and visualized with the UCSC genome browser. All correlative graphs were plotted using custom R scripts in RStudio (v. 2022.02.0+443).

[bookmark: _Hlk150764166]RNA-Seq Library Generation and Data Analysis
For RNA-seq, poly(A) mRNA was purified from total RNA and sent to Novogene Bioinformatics Technology Co. Ltd. for analysis. Gene levels were quantified with Kallisto (v 0.44.0)11 to quantify the abundance of transcripts and the Sleuth R package12 with a cutoff p-value <0.01 for differential analysis. Metascape13 and GSEA (v 3.0)14 were utilized for gene ontology analysis and gene set enrichment assay, respectively.

[bookmark: _Hlk150764175]Binding and Expression Target Analysis (BETA)
[bookmark: OLE_LINK28]To integrate ATAC-seq and RNA-seq data, we utilized the BETA15 to facilitate the identification of candidate target genes and associated regulatory elements affected by Creb3l1 downregulation. This tool can identify target genes and associated peaks that display a consistent trend in their changes in Creb3l1 deficient group, and subsequently rank them based on their score by comparing the lost NFRs in ATAC-seq with all genes in RNA-seq. (Table S4, 5).

siRNA transfection 
mDPC6T-Cas9 cells were transfected with siTmem30b and a negative control scrambled siRNA (both were purchased from Genecreate Biological Engineering Co., Ltd, Wuhan, China) using Lipofectamine 2000, following the manufacturer's instructions, with a final concentration of 100 nM for both siRNAs. The sequences of siTmem30b were 5’ - GCUGUCCAACUUCUACCAGAA-3’ (sense) and 5’ - UUCUGGUAGAAGUUGGACAGC-3’ (antisense). For differentiation induction, mDPC6T-Cas9 cells were transfected every three days with siRNA.

Overexpression of Flag-Tmem30b and Flag-Creb3l1
[bookmark: OLE_LINK45]The mDPCs-Cas9, sgCreb3l1_A8-4, and sgTmem30b_60 cells were seeded so that the cells were 30% confluent at the time of transfection. The mDPCs-Cas9 cells were infected with the lentivirus vector CON522 (GeneChem, China) according to the manufacturer’s instructions. The sgCreb3l1_A8-4 Cells were infected with Flag-Tmem30b cloned into the lentivirus vector CON522 (GeneChem, China) (oeTmem30b) or vector only. The sgTmem30b_60 cells were infected with the lentivirus vector CON522. Flag-Creb3l1 cloned into the lentivirus vector pCDH were constructed (oeCreb3l1). The mDPCs-Cas9 cells were infected with the lentivirus vector pCDH. The sgTmem30b_60 cells were infected with the lentivirus oeCreb3l1 or the vector pCDH.

[bookmark: _Hlk150764186]Dual luciferase activity assay
Dual luciferase activity assays were carried out in mDPC6T-Cas9 cells. The sequence was designed approximately 300bp upstream and downstream of the predicted Creb family motif of the potential enhancer region of Tmem30b, and inserted into the pGL3-promoter vector (T1). The remaining sequence after deletion of the motif region was also inserted into the pGL3-promoter vector as mutant (T1_mut). T1, T1_mut, and overexpression of Creb3l1 plasmid (oeCreb3l1) were all synthesized by Genecreate Biological Engineering Co., Ltd. The pGL3-promoter vector plasmid (Ctrl), T1, or T1_mut plasmids were cotransfected with oeCreb3l1. Luciferase activity was detected 48 hours after transfection using the Dual-Luciferase Reporter Assay System (Promega) following the manufacturer's instructions. Three independent biological replicates were performed for each experiment.
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