APPENDIX 1

MATERIAL AND METHODS

Generation of PRX;TFAM™,  PRX;HIF1dPA™  PRX;TFAM":HIF1dPA™"  and
PRX;TFAM™":Ai14™"* mutant mice.

Genotyping of PRX (FVB/N), TEAM" (C57BL/6), HIF1dPA™ (C57BL/6), Ai14™ (FVB/N), and
AMPK™" (C57BL/6) transgenic mice was conducted as previously described (1-5). PRX transgenic
male mice were crossed with homozygous TFAM"" females to produce PRX; TFAM™* male mice.
These male offspring were then crossed with TFAM™" females to generate PRX; TFAM™ mutants
as well as PRX;TFAM"™ and TFAM™ controls. For the generation of PRX;HIF1dPA" mutant
mice, PRX transgenic males were bred with homozygous HIF1dPA"™ females to obtain
PRX;HIF1dPA™ male mice. Subsequently, these male mice were mated with HIF1dPA™" females
to produce PRX;HIF1dPA™ mutants along with PRX;HIF1dPA™ and HIF1dPA™ controls. To
generate PRX;TFAM"":HIF1dPA"™ mutant mice, PRX transgenic male mice were bred with
homozygous TFAM™:HIF1dPA™ females (obtained by mating TFAM™ males with HIF1dPA™
females) to yield PRX; TFAM"*;HIF1dPA™ male mice. These male mice were then crossed with
TFAM":-HIF1dPA™  females to produce PRX:TFAM"-HIF1dPA™ double mutants,
PRX;TFAM"":HIF1dPA™, and TFAM":HIF1dPA"™ controls. For the generation of
PRX; TFAM":Ai14"* mutant mice, PRX transgenic male mice were bred with homozygous Ai14™"
females to obtain PRX;Ai14"* male mice. These males were subsequently crossed with TFAM™"
females to generate PRX; TFAM™:Ai14"* mutant reporter mice and TFAM™:Ai14"* controls. To
generate PRX;TFAM"":AMPK™ mutant mice, PRX transgenic male mice were bred with
homozygous TFAM"": AMPK""females (obtained by mating TFAM"" males with AMPK™ females)
to yield PRX;TFAM"*;AMPK" male mice. These male mice were then crossed with
TFAM":AMPK" females to produce PRX; TFAM"":AMPK" double mutants and TFAM"":AMPK™

controls.



All mice used in this study were obtained from The Jackson Laboratory, with the following stock
numbers: PRX (005584), TFAM" (026123), HIF1dPA™ (009673), Ai14" (007914), and AMPK™

(014141).

X-rays imaging.

Radiographic images of three weeks old mice were captured employing either a Faxitron X-ray
cabinet or a digital microradiography system (Faxitron, Wheeling, IL, USA). Mice were subjected
to an 8-second exposure of 20 keV radiation. Subsequently, the exposed films underwent
development in a darkroom environment using a Hope MicroMax X-ray processor (Hope X Ray
Products Inc., Warminster PA) and were scanned to facilitate quantitative analysis of fracture

incidence.

Micro-CT analysis.

Tibiae harvested from three-week-old mice underwent meticulous dissection and cleansing to
remove soft tissue while preserving the epiphyses. Subsequently, the left tibiae underwent
scanning using a high-resolution micro-CT imaging system, the Bruker Skyscan 1176 (Bruker
BioSpin, Kontich, Belgium), employing an isotropic voxel size of 9 um, a rotation angle of 0.3°, 2-
frame averaging, and a 0.5 mm aluminum filter, with a source voltage of 50 kV and a current of
800 pA. Subsequently, reconstruction of these images was performed using Skyscan NRecon
software (Bruker BioSpin). Microarchitectural analysis was then conducted using CTAn software
(Bruker BioSpin). Regions of interest (ROI) were delineated as a percentage of the total bone
length, with cortical ROI lengths specifically defined as 10% of the overall bone length, centered

at the midshaft of the tibiae.



Routine histology, H&E, TRAP, Safranin-O, RNAscope, Inmunohistochemistry (IHC), and
TUNEL assay.

Right tibiae from three-week-old mice were designated for comprehensive histological analyses,
including H&E, Tartrate Resistant Acid Phosphatase (TRAP), Safranin-O, RNAscope, IHC
stainings, and TUNEL assay. Initially, the specimens were fixed in a 4% paraformaldehyde (PFA)
solution in phosphate-buffered saline (PBS).

Routine histology, H&E, TRAP, Safranin-O, RNAscope, IHC.

Following fixation, standard processing procedures were carried out, including paraffin
embedding and longitudinal sectioning at a thickness of 5 microns, following established protocols
(6). TRAP staining was performed according to the manufacturer's instructions (Sigma-Aldrich
387A-1KT). RNAscope analysis was conducted utilizing the RNAscope 2.5 HD Detection Reagent
- RED kit (Advanced Cell Diagnostics, Hayward, CA; Catalog No. 322360); specific probes for
mRNAs encoded by either Bgalp (Catalog No. 478941) or Spp1 (Catalog No. 435191) genes
were provided by the same company.

For IHC detection, paraffin sections were subjected to antigen retrieval using sodium citrate buffer
at pH 6 and heat-treated at 95°C for 10 minutes. Subsequently, sections were incubated with
primary antibodies, including anti-SMAD2 (12570-1-AP, Proteintech) at a dilution of 1:50 and anti-
Phospho-SMAD2 (44-244G, Invitrogen) at a dilution of 1:20, overnight at 4°C. Following primary
antibody incubation, sections were treated with the appropriate biotinylated secondary antibody
(ab207995, Abcam) at dilution 1:1000 for 30 minutes at RT. Visualization was performed using
the labeled streptavidin biotin (TSA) system according to the manufacturer's instructions (Perkin
Elmer, Shelton CT, USA). Negative controls were included by omitting the primary antibody. The
anti-Collagen | antibody (ab254113, Abcam) was used as a positive control.

TUNEL Assay.

The TUNEL assay was performed on fixed frozen specimens to identify apoptotic cells by labeling

DNA strand breaks. Briefly, specimens were fixed in a (PFA) solution, as previously described.



Following fixation, the specimens were decalcified using an EDTA solution to remove mineral
deposits, then embedded in an Optimal Cutting Temperature (OCT) compound. The embedded
specimens were snap-frozen and stored at -20°C until further processing.

The TUNEL assay was conducted using an in situ Cell Death Detection Kit (Roche) according to
the manufacturer's instructions and previously reported protocol (6). Images for the TUNEL assay
were captured using filters for FITC (fluorescein isothiocyanate) and DAPI (4',6-diamidino-2-
phenylindole) to visualize apoptotic nuclei and total nuclei, respectively.

Images of the stained sections with H&E, Safranin-O, and TRAP were captured using a Zeiss
AxioScan Z1 slide scanner and 20X objective and then subjected to static histomorphometry
analysis. RNAscope and IHC images were captured in a similar manner and the signal was
quantified by ImagedJ software (Version 2.14.0/1.54f) (7). TUNEL images were acquired using a

Zeiss LSM 980 Confocal microscope.

Calcein labeling, generation of methylmethacrylate sections, and Goldner’s trichrome
staining.

Three-week-old mice were intraperitoneally injected with calcein (Sigma-C0875) at a dosage of
40 mg/kg, administered 10 and 3 days prior to euthanasia. Left tibiae, previously used for micro-
CT, were embedded in methylmethachrylate (MMA) following previously described protocols (8).
MMA-embedded samples were subsequently sectioned into 5- and 8-um thicknesses using
Polycut microtome (Reichert-dJung, Leica, Wetzlar, Germany). Sections of 5 ym thickness were
stained using Goldner's trichrome staining, while the 8 um sections were cover-slipped without
staining for imaging under FITC-mounted filters to detect calcein. All images were acquired by

using Zeiss AxioScan Z1 slide scanner and a 20X objective.



Histomorphometry.

Histomorphometric analysis of both trabecular and cortical bone was conducted on paraffin or
methylmethacrylate sections of tibiae prepared as outlined previously (8). ROl was delineated as
a percentage of the total bone length. Specifically, the trabecular ROI length was set at 15% of
the total bone length, with its position defined by the closest edge located 5% away from the
growth plate. Conversely, the cortical ROl was defined as 10% of the overall bone length,
centered at the midsection of the tibiae. Histomorphometric measurements were carried out in a
randomized and blinded manner using Bioquant Osteo software V17.2.6 (Bioquant Image
Analysis Corp., Nashville, TN), following established protocols (8).

Static histomorphometry.

H&E stained sections were utilized to quantify several cortical and trabecular parameters. TRAP
staining facilitated the visualization and accurate counting of osteoclasts in both cortical and
trabecular bone. Safranin-O stained sections were employed to assess the presence of cartilage
remnants within bony trabeculae. Furthermore, Goldner's trichrome staining of both trabecular
and cortical undecalcified MMA sections enabled the measurement of the osteoid content.
Dynamic histomorphometry.

Calcein labels were examined throughout the entire cortex, including both periosteal and
endosteal surfaces. Parameters such as single-labeled surface (sLS), double-labeled surface
(dLS), mineralizing surface/bone surface (MS/BS), mineral apposition rate (MAR), and bone
formation rate/bone surface (BFR/BS) were quantified from undecalcified, unstained

methylmethacrylate sections.

Alcian Blue and Alizarin Red whole-mount staining.
The Alcian Blue and Alizarin Red S whole-mount staining procedures were conducted on newly

born pups following previously established protocols (6).



Periosteal cells isolation.

Periosteal cells were isolated from hindlimbs of TFAM" and PRX; TFAM™ mice, as well as from
TFAM":HIF1dPA™ and PRX;TFAM"":HIF1dPA™ mice at p21, following an established
procedure (9). Briefly, femurs and tibias were dissected to remove muscle and connective tissues
under aseptic conditions. The epiphyses were covered with 5% low melting point agarose
(SeaPlaque, Lonza, Verviers, Belgium) to protect them from enzymatic degradation. Periosteal
cells were isolated via collagenase-dispase enzymatic digestion, consisting of 3 mg/ml
collagenase type IA (MilliporeSigma, Rockville, MD) and 4 mg/ml dispase 2 (MilliporeSigma) in
a-minimal essential medium (a-MEM) with 2 mM glutaMAX-I (Gibco, Invitrogen, Carlsbad, CA).
Cells from the initial 10-minute digestion phase were discarded to remove contamination with
residual muscle and connective tissue cells. Subsequently, a one-hour digestion with collagenase
was performed to release the periosteal cells. Efficient recombination of the TFAM and HIF1dPA
floxed allele was quantified by 2-LoxP qPCR of genomic DNA (10). The sequences of the primers

utilized for gPCR are provided in Supplemental Table 8.

Ai14/tdTomato-positive cell isolation.

Periosteal cells were isolated from p21 PRX:TFAM"*:Ai14"* and PRX:TFAM":Ai14"* mice
following the previously discussed protocol to ensure a single-cell suspension amenable to
sorting. These cells were then subjected to FACS (FACSAria™ sorter, BD Biosciences). The
tdTomato protein was excited at approximately 554 nm, and its emission was detected at
approximately 581 nm. Post-sorting, cells were collected in a-minimal essential medium (a-MEM)
supplemented with 2 mM GlutaMAX-l (Gibco) and 10% fetal bovine serum (FBS) (Cytiva
HyClone™, Logan, UT). They were kept on ice to minimize cellular stress and degradation, then
seeded and cultured for a few days in a-MEM supplemented with 2 mM GlutaMAX-I and 10%

FBS.



Analysis of mitochondrial DNA content.

Mitochondrial DNA content was monitored via qRT-PCR. Mitochondrial DNA and genomic DNA
were extracted using RIPA buffer from ex-vivo cultured control or mutant periosteal cells.
Mitochondrial-specific primers targeting Cytochrome B, 16S rRNA, and Cytochrome c¢ oxidase
subunit 3 were employed to assess mitochondrial content (10). Normalization was achieved by
amplifying the nuclear b2-microglobulin gene. The sequences of the primers utilized for gqRT-PCR

are provided in Supplemental Table 8.

Measurement of intracellular ATP.

Periosteal cells isolated from the hindlimbs were seeded into flat-bottom, 24-well plates (Corning
Primaria™, catalog no. 353847) at a minimum density of 1 x 10° cells per well in 1 mL of a-minimal
essential medium (a-MEM) supplemented with 2 mM GlutaMAX-I (Gibco) and 10% FBS (Cytiva).
The medium was refreshed every other day. Cells were cultured at 37°C in a 5% CO, atmosphere
for 7 days. ATP levels were quantified using the CellTiter-Glo Luminescent Cell Viability Assay
(Promega, catalog no. G7570), adhering to the manufacturer's protocol. Luminescence was
measured with an EnVision plate reader, ensuring that each condition was represented by 2 or 3

technical replicates.

Cell Viability Assay.
The number of viable and dead cells was determined by trypan blue exclusion assay. This assay
involves staining dead cells with trypan blue dye, as viable cells exclude the dye while dead cells

do not. Images for the cell viability assay were captured using a Nikon Eclipse TS100 microscope.

Single Cell RNA-Sequencing.
Periosteal cells were isolated from hindlimbs of TFAM" and PRX; TFAM™ mice, as well as from

TFAM":HIF1dPA™ and PRX;TFAM"":HIF1dPA™ mice at p21 as previously described. Cells



were resuspended in phosphate-buffered saline (PBS) (Gibco) supplemented with 10% fetal
bovine serum FBS (Cytiva) and subsequently filtered through a 40 um nylon mesh (Flowmi™ Cell
Strainer, MilliporeSigma) to clear tissue debris. The volume of the suspension was then adjusted
to achieve the optimal cell concentration for sequencing.

Sequencing was performed at the CAG Sequencing Core at Children’s Hospital of Philadelphia.
Next-generation sequencing libraries were prepared using the 10x Genomics Chromium Single
Cell 3’ Reagent Kit v3 according to the manufacturer's instructions. Libraries were uniquely
indexed using the Chromium Dual Index Kit, pooled, and sequenced on an lllumina NovaSeq
6000 sequencer using a paired-end, dual-indexing run strategy. Sequencing for each library
aimed for 20,000 mean reads per cell. The data were then processed using the Cell Ranger
pipeline (10x Genomics, version 6.1.2) for demultiplexing, alignment of sequencing reads to the
mm10 mouse transcriptome, and generation of feature-barcode matrices (11). Each genotype

was processed in biological duplicates.

Seurat Analysis.

ScRNA-Seq data were analyzed using the Seurat package (version 5.0.2) in R. Quality control
started with individual assessments of duplicate samples to validate data integrity, followed by
their consolidation into a unified dataset. SoupX was integrated to address ambient RNA
contamination prior to advancing through the canonical Seurat processing pipeline (12). An initial
clustering resolution of 0.8 was selected for both preprocessing and identifying potential doublets
via DoubletFinder. This tool was utilized not only to flag doublets but also to investigate their
nature, particularly the potential representation of multinucleated osteoclasts. Post-
preprocessing, data integration, and clustering were conducted at varying resolutions (0.1, 0.2,
and 0.8) to refine the clustering process and ensure robust cluster formation. A threshold was set
to exclude cells exhibiting over 15% mitochondrial gene expression to mitigate biases from

apoptotic or damaged cells. Further, cells with fewer than 200 detected features were filtered out



to enhance clustering precision. Differential expression analysis employed a Wilcoxon rank-sum

test, setting significance at an adjusted p-value of less than 0.05 and requiring a log-fold change

greater than 1.5. Visualization of key markers and co-expression patterns was achieved through

feature plots, violin plots, and nebula plots, providing a multifaceted view of the gene expression

data (13).
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Table S1: TFAM Cortical Bone Histomorphometry Data. Values represent the mean + SD of at least 5 animals

per group unless otherwise stated. An asterisk (*) indicates a significant difference between groups.

Histomorphometric Data CTRL TFAM CTRL vs TFAM
Mean+SD Mean+SD P 'Vg;”e
) . 0.0027*
Cortical Thickness (mm) 0.08+0.007 0.038+0.024 (-0.065 t0 -0.019)
) 0.0007*
Cortical Bone Surface/Bone Volume (1/mm) 20.52+2.319 29.37+3.513 (4.863 to 12.84)
0.0003*
) ) . 3
Cortical Bone Mineral Density (gHA/cm?) 0.750+0.063 0.469+0.101 (-0.393 t0 -0.168)
) ) 0.0231*
Periosteal Osteoblast-like Cell Number 13.25+12.96 36.50+20.54 (3.781 to 42.72)
) ) 0.0013*
Periosteal Osteoblast-like Cell Number/Bone Surface (1/mm) 2.468+3.027 13.08+6.374 (5.059 to 16.17)
Periosteal Osteoclast Number 7.375£12.53 49.17+18.63 9:0003"
: : : : (23.71 to 59.88)
) 0.0002*
Periosteal Osteoclast Number/Bone Surface (1/mm) 1.98542.799 18.30£7.305 (9.77 to 22.85)
) ) 0.0004*
Periosteal Perimeter (mm) 4.169+0.631 2.743+0.315 (-2.054 to -0.798)
) ) ' 0.9505
Periosteal Single Labelled Perimeter (mm) 0.321+0.556 0.339+0.276 (-0.603 to 0.638)
. ) 0.0058*
Periosteal Double Labelled Perimeter (mm) 1.318+0.654 0.197+0.25 (-1.826 to -0.414)
) ) 0.0091*
Periosteal Osteoid Surface (mm) 1.586+0.95 0.125+0.107 (-2.448 to -0.474)
0.0014*
. A 0,
Periosteal Osteoid Surface/Bone Surface (%) 15.62+6.056 2.299+1.497 (-19.76 to -6.89)
0.508
. A 0,
Periosteal Osteoid Volume/Bone Volume (%) 9.973+2.3 14.19+13.41 (-9.818 to 18.25)
) - 0.321
Periosteal Osteoid Width (mm) 3.723+1.305 3.024+0.697 (-2.225 10 0.82)
) ) " 0.0296*
Periosteal Mineral Apposition Rate (uM/Day) 2.31+1.044 0.783+0.884 (-2.865 to -0.1895)
) . . 0.0009*
Periosteal Mineralizing Surface/Bone Surface 0.876+0.227 0.254+0.192 (-0.913 o -0.331)
) ) 0.0106*
Periosteal Bone Formation Rate/Bone Surface (uM/Day) 2.191+1.296 0.275+0.284 (-3.263 to -0.566)
_ 0.8153
Endosteal Osteoblast-like Number 68.43+31.35 64.17+£32.79 (-43.46 to 34.94)
) 0.1796
Endosteal Osteoblast-like Number/Bone Surface (1/mm) 25.13+11.29 37.42£19.22 (-6.582 to 31.15)
0.4095
Endosteal Osteoclast Number 42.43+23.61 54125 (-18.13 to 41.27)
0.0392*
Endosteal Osteoclast Number/Bone Surface (1/mm) 15.5948.655 31.57+15.54 (0.95 to 31.01)
) <0.0001*
Endosteal Perimeter (mm) 2.725+0.133 1.731+0.169 (-1.169 0 -0.8181)
) ' 0.6269
Endosteal Single Labelled Perimeter (mm) 0.3751+0.216 0.289+0.35 (-0.474 to 0.302)
) 0.2235
Endosteal Double Labelled Perimeter (mm) 0.365+0.45 0.088+0.148 (-0.756 to 0.202)
Endosteal Osteoid Surface (mm) 0.924+0.685 0.393+0.269 0.1456

(-1.291 to 0.228)




0.1473

Endosteal Osteoid Surface/Bone Surface (%) 8.058+3.376 5.135+2.282 (-7.126 to 1.279)
Endosteal Osteoid Volume/Bone Volume (%) 2.616+1.045 5.31£2.71 (-0_3%?2%.69)
Endosteal Osteoid Width (mm) 6.1+2.467 2.429+0.722 (_6_33'20302_8;020)
Endosteal Mineral Apposition Rate (uM/Day) 1.041+0.45 0.48810.7 (-1 _3(‘)1'1221_235)
Endosteal Mineralizing Surface/Bone Surface 0.453+0.29 0.245+0.2896 (-0.6862268.189)
Endosteal Bone Formation Rate/Bone Surface (uM/Day) 0.568+0.655 0.274+0.396 (1 _025424(?.466)
Osteocyte Number 351.6+48.63 223.7+49.01 (_187?;02’0§8_14)
Osteocyte Number/Bone Surface (1/mm) 66.27+12.62 92.76+£14.01 0-0064*

(9.277 t0 43.71)




Table S2: Distribution of cellular populations across identified clusters in Single-Cell RNA
Sequencing Analysis. Percentages in bold represent average values across biological replicates,

percentages in parentheses represent individual sample values.

Cluster Cell Percentage Cell Percentage
Genotype Cell Type
CTRL Mutant
PRX;TFAM 33.37% 23.61%

Chondrocyte-like Cells

Mesenchymal Progenitor-like Cells

Osteoblast-like Cells

Smooth Muscle-like Cells

Proliferative Cells

Other Cells

Other Cells

Pre-Hypertrophic/Hypertrophic-like Cells

(30.97% - 35.77%)

14.79%
(15.03% — 14.55%)

20.90%
(23.82% - 17.99%)

14.00%
(15.03% - 12.97%)

5.77%
(5.10% - 6.44%)

6.51%
(6.04% - 6.99%)

2.61%
(2.25% - 2.97%)

2.04%
(1.76% - 2.32%)

(34.47 - 12.75%)

40.66%
(36.56% - 44.76%)

10.35%
(9.21% - 11.50%)

11.50%
(8.54% - 14.46%)

4.89%
(5.06% - 4.72%)

3.81%
(2.56% - 5.07%)

4.80%
(3.16% - 6.43%)

0.38%
(0.44% - 0.32%)

PRX;TFAM;HIF1dPA

Chondrocyte-like Cells

Osteoblast-like Cells

Pre-Hypertrophic/Hypertrophic-like Cells

Mesenchymal Progenitor-like Cells

Smooth Muscle-like Cells

Other Cells

45.29%
(40.39% - 50.19%)

29.47%
(29.21% - 29.72%)

6.25%
(5.10% - 7.40%)

9.82%
(13.78% - 5.86%)

5.77%
(8.34% - 3.21%)

3.40%
(3.18% - 3.63%)

65.96%
(63.72% - 68.21%)

16.79%
(17.72% - 15.86%)

9.94%
(9.75% - 10.14%)

3.66%
(4.57% - 2.76%)

3.25%
(3.95% - 2.55%)

0.39%
(0.29% - 0.48%)




Table S3: List of differentially expressed genes identified in scRNA-Sequencing comparing CTRL
and TFAM Group. Included genes meet the criteria of having a fold change (FC) = 1.5 and a p-
value < 0.05.

Control Upregulated Genes

Abcb1a 2.10

Adamts15 1.51

Angptl1 1.56

Aoc3 1.51

Arhgap29 1.53

Bcam 1.56

Bglap2 2.27

Bmp1 1.50

C130074G19Rik 1.55

Calm1 1.58

Carmn 1.56

Cen1 2.52 2.35 212



Ccen3 1.96 2.20

Cd34 1.51

Cenpf 1.52

Chad 1.95 3.37 2.1 2.49

Chst3 1.68

Cilp2 1.89 1.94 1.99

Clec3b 1.76

Clu 1.93 1.54

Col11a1 1.77 2.1 1.54 2.75 1.81 2.16

Col12a1 1.71 1.69 1.67

Col16a1 1.94 2.10

Col1a2 1.63 2.00

Col2a1 2.91 2.97 4.65 4.24

Col5a2 1.85

Col8a1 1.52 2.53



Col9a1 1.87 2.79

Col9a3 2.34 3.61

Cox4i2 1.77 1.88 2.28

Cpe 1.56

Cpz 1.66

Crip1 1.75 2.72 1.72 1.56 1.78

Crispld1 1.61

Cthrc1 1.54 1.52

Cxcl12 1.66 2.14

Dbi 1.52

DIk1 2.05

Dusp1 1.92

Ecm2 1.52

Efemp2 1.67



Emp3 1.78

F5 1.74

Fam180a 1.63 1.55

Fap 1.51 1.57

Fbin7 1.74

FbxI22 1.53

Fibin 1.55 1.71

Fkbp7 1.65

Fos 1.53 1.93

Fstl1 1.60 1.52

Fxyd5 1.57

Gcehfr 1.72

Gjat 1.67

Gng11 1.61 1.95

Gpx3 2.61



Grip2 1.51

H2afv 1.55

Hes1 212

Higd1a 2.20

Hmgcs1 1.58

Hspaila 2.24

Htra3 1.58 1.51

1d1 2.08

Igfbp2 1.60

Igfbp4 1.76

Igfbp6 2.05

IsIr 1.68

Itihd 1.58 4.91



Kera 2.45

Ldha 2.18

LoxlI1 1.56

LoxI3 1.70

Lum 1.63

Ly6a 1.53 1.92

M1ap 1.50

Manf 1.54 1.54 1.92

Matn2 1.52

Matn4 1.68 1.62

Meg3 1.65

Mfap4 1.67

Mgp 1.71 2.22

Mif 1.61

Myadm 1.75



Ndufa4l2 1.96 1.57 2.66 3.25

Notum 1.77

Nr1d1 1.51

Nrip2 1.91

Olfml2a 1.81

Ooep 1.62

Ostn 1.89

P4ha2 1.67

Pcolce2 1.56

Pcsk6 1.69

Pgam1 2.12

Plata 1.91

Pln 2.18

Postn 1.79



Prelp 1.69 1.64

Prrx1 1.53

Ptp4a3 2.00

Rarb 1.59

Rasl11a 1.78

Rcan2 1.84

Rflnb 1.54

Rgs5 1.69

Rora 1.67

S100a10 1.79 1.52

S$100a13 1.55

S$100a6 1.56 1.52

Scrg1 1.57 1.95

Secl11c 1.51

Secb1g 1.95



Serf1 1.50

Serp1 1.78

Serpinf1 1.70

Serpinh1 2.01 1.79 1.94 1.64 2.06

Slc16a3 1.55

Smpd3 1.59 1.56

Sorbs2 2.21

Sparc 1.67 1.64 1.52 1.92 1.79

Srgn 1.91

Steap4 1.55

Strab 2.05

Susd5 1.65

Tcf15 1.69

Tesc 2.13



Thsd4 2.32

Timp3 1.52

Tmem140 1.51

Tnfrsf11b 213 1.58

Tnn 1.64

Tomm7 1.65

Tpit 1.99

Tubala 1.76 1.85 1.51 1.77 1.69

Uba2 1.59

Vit 1.81 1.79

Wif1 2.31 1.83 1.88 2.68

Wwp2 1.97 2.1

Mutant Upregulated Genes

1110038B12Rik 1.51

Abi3bp 1.52



Actg2 1.63

Adamts4 4.33 1.76

Aebp1 1.59 1.88 1.64 1.57

Akap13 1.63

Apod 2.07

Apold1 2.38

Arlda 1.85

Asprv1 2.24

Atf4 1.51 1.64

B3gnt2 1.84

Bag3 1.56 1.62

Bhlhe40 1.50

Btg1 1.52 1.59

Ccl2 2.57 3.30 2.57 2.74



Ccnd2 1.59

Cd44 1.61 1.50 1.72

Cdkn1c 1.74

Cebpd 2.77 2.83 1.77 1.57 2.01

Chil1 2.25

Coq10b 1.59

Cox6a2 1.73

Cp 1.73

Crem 1.56

Cryab 2.80

Cstb 1.94 1.88

Cstdcs 5.85

Cxcl1 4.20 3.23 3.36 2.38 1.93

Cxcl2 1.81 2.33 2.34

Ddit3 1.67



Ddx3x 1.60

DIk1 1.58

Dnajb1 1.83 1.54

Dusp1 2.1 2.52

Ednrb 244

Eef1b2 1.71 1.81

Egr1 2.57 2.31 2.34

Eif3c 1.53 1.54 1.62

Eif4ebp1 1.60

Eif5a 1.59

Eprs 2.05

Errfi1 2.00 1.78 1.76

F3 1.81

Fabp5 1.84



FbIn2 2.38 1.93

Fkbp5 1.68

Fmo2 1.51

Fos 2.18 1.62 2.32

Fosl2 1.84 1.60 2.07

Fth1 2.1 1.69 1.58 1.78 1.55 1.77

Gadd45a 1.57 1.66

Gadd45g 2.78 1.69

Gclc 1.75

Gem 2.10 1.73 1.85

Gm10076 1.53

Gm13889 1.82 1.84

Gpci 1.59

Gprcba 1.61

Has1 3.24 2.1 2.84 2.06



Hes1 1.56

Hipk1 1.62

Hmox1 1.57 1.71

Hsp90ab1 1.56 1.56

Hspa8 1.58 1.66

Hspb1 2.03

Ibsp 2.07

ler3 3.44 2.63 2.23 1.84 2.49

Ifitm3 1.75

Igf2 1.64 1.59

I11b 1.76

Impdh2 1.78

Irf1 1.93 1.54



Isg15 1.51

ltga6 1.79

Jun 2.15

Jund 1.91 1.74 1.70

Kif2 1.65 2.16 2.38

KIf6 1.66

Lgals3 1.54 1.61 1.54

Lmna 1.60 1.99

Mat2a 1.72 1.58 1.79

Mfap5 1.68

Mif 1.82

Mt1 2.36 4.56 3.34 3.62 3.54 3.95 3.66

Mthfd2 1.71

Myd88 1.58

Nfe2l2 1.67 1.79



Nfkb1 1.85

Nfkbiz 1.76 1.59

Nr4a1 2.38 1.78 1.80 1.88

Nr4a3 1.52 2.36 2.06

Nsa2 1.61 1.71 1.62 1.74

Odc1 1.62

Pcdh19 1.53

Penk 1.69 1.69

Pim1 1.59 1.56

Plec 1.63

Plscr1 1.60

Pnrc1 1.62

Pqlc 1.79

Ptgs2 1.87



Pvr 1.51

Rbbp6 1.61

Rbm39 1.60

Rgcc 1.83 1.68

Rgs2 1.61

Rpl10 1.58 1.58 1.50 1.70 1.58

Rpl12 1.83 2.33 2.03 2.63 2.06 1.67 1.55

Rpl13a 1.57 1.75 1.71 1.96 1.62

Rpl15 1.68 1.71

Rpl18 1.62 1.77 1.56 1.77 1.56

Rpl19 1.67 1.68

Rpl22 1.56

Rpl23a 1.54 1.55 1.66

Rpl26 1.51 1.73 1.55 1.77

Rpl28 1.50 1.59 1.60



Rpl3 1.59 1.51

Rpl32 1.68 1.95 1.62 1.93 1.69

Rpl35 1.50 1.60

Rpl36 1.67 1.56

Rpl37 1.54 1.51 1.52

Rpl38 1.57

Rpl4 1.50 1.76 1.56 1.80 1.50

Rpl6 1.64 1.62

Rpl8 1.63 1.59 1.61

Rplp0 1.79 1.89

Rplp2 1.58 1.70 1.53 1.74

Rps11 1.55 1.65

Rps13 1.66 1.72 1.55 1.76 1.54

Rps15 1.56 1.81 1.71 1.95 1.58 1.59



Rps16 1.71 1.89 1.62 1.75 1.55

Rps18 1.56 1.79 1.57 1.74 1.57

Rps2 1.75 1.53 1.97 1.60

Rps21 1.60 1.62

Rps24 1.50 1.91 1.59 2.18 1.54

Rps26 1.63 1.53 1.73

Rps27a 1.52 1.61 1.63

Rps3 1.79 1.69

Rps4x 1.59 1.83 1.53 1.77 1.56

Rps6 1.67 1.94 1.63 1.90 1.66 1.51

Rps8 1.61 1.80 1.64 1.93

Rpsa 1.65 1.84

Sars 1.64

Sat1 2.16 1.57 2.00 2.52

Scara3 1.51



Serpine1 1.50 1.78 2.48

Slc3a2 1.57 1.89 1.57 1.72

Slc6ab 1.66

Slpi 1.65

Sned1 1.56

Snhg6 1.56 1.79 1.51

Socs1 1.57

Spp1 1.95 3.74

Stat3 1.51

Stfa2 4.46

Stfa3 2.47

Tgfb2 1.61

Tgm2 1.54

Thbs1 1.61



Timp2 1.58

Tm4sf1 1.63

Tnc 1.64

Tnfaip6 3.06 1.63 1.55 2.38 3.29

Top1 1.65

Tsc22d3 2.15

Ubab52 1.76 1.70 2.00 1.50

Ubc 2.35 1.63 2.25

Ugdh 1.65 2.57 1.85 3.20

Vim 1.64

Zbtb16 1.51

Zfp36 3.52 1.80 2.58

Zfp703 1.62




Table S4: PRX;HIF1dPA Cortical Bone Histomorphometry Data. Values represent the mean + SD of at least

5 animals per group unless otherwise stated.

Histomorphometric Data CTRL HIF1dPA CTRL vs HIF1dPA
Mean+SD Mean+SD P 'Vg;”e
) ) 0.757
Cortical Thickness (mm) 0.093+0.031 0.088+0.018 (-0.040 to 0.030)
) 0.2282
Cortical Bone Surface/Bone Volume (1/mm) 21.60+5.672 17.92+2.758 (-10.19 to 2.824)
0.3420
) ) . 3
Cortical Bone Mineral Density (gHA/cm?) 0.85+0.146 0.923+0.0713 (-0.09 to 0.2358)
) ) 0.649
Periosteal Osteoblast-like Cell Number 52.33+26.70 45+24.49 (-42.59 to 27.93)
) ) 0.6362
Periosteal Osteoblast-like Cell Number/Bone Surface (1/mm) 12.7616.525 10.92+5.805 (-10.36 to 6.672)
) 0.775
Periosteal Osteoclast Number 6.8+4.658 7.845.975 (-6.813 to 8.813)
) 0.463
Periosteal Osteoclast Number/Bone Surface (1/mm) 3.953+5.848 1.884+1.424 (-8.18 t0 4.042)
. . 0.8887
Periosteal Perimeter (mm) 4.089+0.280 4.120+0.426 (-0.452 to 0.514)
) ) ' 0.9866
Periosteal Single Labelled Perimeter (mm) 0.351+0.632 0.346+0.381 (-0.676 to 0.666)
) ) 0.6768
Periosteal Double Labelled Perimeter (mm) 0.945+0.836 1.117£0.514 (-0.721 to 1.065)
) ) 0.5075
Periosteal Osteoid Surface (mm) 0.776+0.493 0.993+0.495 (-0.504 to 0.938)
) . 0.0752
0,
Periosteal Osteoid Surface/Bone Surface (%) 6.244+3.982 15.35+9.135 (-1.167 to 19.39)
0.6134
. A 0,
Periosteal Osteoid Volume/Bone Volume (%) 1379+8.865 11.4045.492 (-12.74 to 7.954)
) - 0.382
Periosteal Osteoid Width (mm) 3.697+1.153 4.604+1.865 (-1.354 to 3.168)
) ) " 0.9732
Periosteal Mineral Apposition Rate (uM/Day) 1.192+0.854 1.208+0.702 (-0.99 to 1.022)
) . . 0.427
Periosteal Mineralizing Surface/Bone Surface 0.6494+0.4178 0.803+0.183 (-0.2607 to 0.569)
) ) 0.8076
Periosteal Bone Formation Rate/Bone Surface (uM/Day) 0.925+0.824 1.042+0.793 (-0.923 to 1.157)
) 0.136
Endosteal Osteoblast-like Number 143.8+28.74 120.6+14.45 (-55.41 to 8.94)
) 0.1103
Endosteal Osteoblast-like Number/Bone Surface (1/mm) 55.68+9.532 47.60+3.74 (-18.39 to 2.239)
0.413
Endosteal Osteoclast Number 30.50+27.28 46.40+34.40 (-26.08 to 57.88)
0.386
Endosteal Osteoclast Number/Bone Surface (1/mm) 11.85+10.11 19.05+16.03 (-10.71 to 25.11)
. 0.7351
Endosteal Perimeter (mm) 2.582+0.25 2.532+0.215 (-0.371 t0 0.272)
) ' 0.1635
Endosteal Single Labelled Perimeter (mm) 0.51+0.231 0.344+0.139 (-0.411 t0 0.079)
) 0.2003
Endosteal Double Labelled Perimeter (mm) 0.54+0.164 0.364+0.268 (-0.463 to 0.1103)
) 0.0713
Endosteal Osteoid Surface (mm) 1.628+0.437 1.14940.312 (-1.009 to 0.051)




0.4323

Endosteal Osteoid Surface/Bone Surface (%) 15.19£7.105 18.72+7.033 (-6.168 to 13.21)
Endosteal Osteoid Volume/Bone Volume (%) 5.569+3.532 3.547+2.917 (-6.5%2?;”2.46)
Endosteal Osteoid Width (mm) 6.057+2.309 6.367+1.61 (-2.46%?3%.089)
Endosteal Mineral Apposition Rate (uM/Day) 0.806+0.255 0.656+0.398 (-0_22.342)4(?.28)
Endosteal Mineralizing Surface/Bone Surface 0.65+0.142 0.511£0.304 (-0.4243;53.167)
Endosteal Bone Formation Rate/Bone Surface (uM/Day) 0.519+0.205 0.366+0.223 (_0_4252253122)
Osteocyte Number 295.7+84.76 AT (-115(.)1.gt509$ 20.6)
Osteocyte Number/Bone Surface (1/mm) 66.59+20.93 73.16+13.50 0.561

(-18.10 to 31.25)




Table S5: PRX;TFAM;HIF1dPA Cortical Bone Histomorphometry Data. Values represent the mean + SD of at

least 5 animals per group unless otherwise stated. An asterisk (*) indicates a significant difference between

groups.
Histomorphometric Data CTRL TFAM;HIF1dPA CTRL vs TFAM;HIF1dPA
Mean+SD Mean+SD p-vg;ue
Cortical Thickness (mm) 0.1210.018 0.1370.013 0.1145
* * (-0.065 to 0.038)
Cortical Bone Surface/Bone Volume (1/mm) 19.65£2.799 17.6011.528 L
D DA (-5.22 to 1.139)
0.397
. . . ,
Cortical Bone Mineral Density (gHA/cm?) 0.831+0.105 0.786+0.044 (-0.159 0 0.069)
Periosteal Osteoblast-like Cell Number 45.20£36.22 32.33424.66 L
: ; : : (-54.44 t0 28.71)
. . 0.774
Periosteal Osteoblast-like Cell Number/Bone Surface (1/mm) 10.47+8.525 9.097+6.933 (-11.90 to 9.146)
Periosteal Osteoclast Number 6.8+8.526 31.50+32.07 0.1312
T : : (-8.953 to 58.35)
Periosteal Osteoclast Number/Bone Surface (1/mm) 1.533+1.793 8.594+8.598 0.1070
* * (-1.86 to 15.98)
Periosteal Perimeter (mm) 4.268+0.355 3.74840.508 sy
' ; : : (-1.133 t0 0.092)
Periosteal Single Labelled Perimeter (mm) 0.307840.237 0.193:0.211 0.4454
* * (-0.439 to 0.2105)
Periosteal Double Labelled Perimeter (mm) 1.053+0.474 0.111%0.106 0.004*
; ; : : (-1.498 t0 -0.385)
Periosteal Osteoid Surface (mm) 1.081£0.269 0.938:0.418 0.5107
* * (-0.613 to 0.328)
. . 0.634
0
Periosteal Osteoid Surface/Bone Surface (%) 7.647+8.058 5.602+4.964 LD TS
Periosteal Osteoid Volume/Bone Volume (%) 9.973+2.3 14.19£13.41 0.508
= * (-9.818 to 18.25)
Periosteal Osteoid Width (mm) 4.55+2.365 3.68+0.869 0.458
T R (-3.412 t0 1.671)
Periosteal Mineral Apposition Rate (1M/Day) 1.602£0.482 0.6160.413 0.0077*
* * (-1.639 t0 -0.333)
Periosteal Mineralizing Surface/Bone Surface 0.70120.267 0.278:0.131 WAl
’ ; ; : : (-0.749 t0 -0.094)
Periosteal Bone Formation Rate/Bone Surface (uM/Day) 1.12110.433 0.324+0.297 0.0102*
* * (-1.355 t0 -0.239)
Endosteal Osteoblast-like Number 163+63.55 115.3463.51 0.246
: OEOS (-134.7 to 39.35)
Endosteal Osteoblast-like Number/Bone Surface (1/mm) 60.59+19.32 57.87+24.52 0.845
* * (-33.35 t0 27.91)
Endosteal Osteoclast Number 24.6+18.65 16.50+25.45 0.569
o : : (-39.16 to 22.96)
Endosteal Osteoclast Number/Bone Surface (1/mm) 9.37547.642 8.573+11.23 0.849
N - (-14.14 to 12.54)
Endosteal Perimeter (mm) 2.65+0.216 2.090+0.733 0.136
T : : (-1.335 0 0.213)
Endosteal Single Labelled Perimeter (mm) 0.3870.174 0.302+0.274 0.539
* * (-0.387 t0 0.217)
Endosteal Double Labelled Perimeter (mm) 0.506£0.376 0.453£0.317 el
i i : ‘ (-0.56 to 0.453)




0.077

Endosteal Osteoid Surface (mm) 1.35+0.396 0.871+0.305 (-1.021 to 0.065)
Endosteal Osteoid Surface/Bone Surface (%) 8.454+5.418 6.215+4.144 (-9.65(1.?355.172)
Endosteal Osteoid Volume/Bone Volume (%) 3.698+3.228 2.074+1.639 (_5_70%::)25;.457)
Endosteal Osteoid Width (mm) 7.319+1.975 3.537+0.386 (_6_13%?36_:_431)
Endosteal Mineral Apposition Rate (uM/Day) 1.036+0.371 0.795+0.636 (_0_92'12%?434)

Endosteal Mineralizing Surface/Bone Surface 0.562+0.313 0.873+0.487 (-0.2(;72?20.85)

Endosteal Bone Formation Rate/Bone Surface (uM/Day) 0.665+0.599 0.921+1.030 (_0_82663)8?348)
Osteocyte Number 326£102.5 ARl 0 (.5e_§ézt1c>02523.6)
Osteocyte Number/Bone Surface (1/mm) 72.80+14.68 124.2+8383 0.2122

(-35.21 to 138.1)




Table S6: Upregulated Gene Profile in TFAM;HIF1dPA Control versus Mutant from scRNA-Seq Data.
Included genes meet the criteria of having a fold change (FC) = 2 and a p-value < 0.05.

Control Upregulated Genes
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Table S7: Upregulated Gene Profile in TFAM;HIF1dPA Mutant versus Control from scRNA-Seq Data.
Included genes meet the criteria of having a fold change (FC) = 2 and a p-value < 0.05.

Mutant Upregulated Genes
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Table S8: Primer Sequence.

Gene Direction Sequence
Pry1-Cre Forward 5-CAGGCGCCGCACAAAGGC-3’
Reverse 5-TGAACGAACCTGGTCGAAATC-3
Tfam Forward 5-CTGCCTTCCTCTAGCCCGGG-3’
Reverse 5-GTAACAGCAGACAACTTGTG-3
Forward Mutant 5-CCGGTAGAATTCCTGCAGGTCGAGGG-3’
Hif1dPA Reverse WT 5-GGAGCGGGAGAAATGGATATG-3’
Forward WT 5-CGTGATCTGCAACTCCAGTC-3
Forward WT 5-CTCTGCTGCCTCCTGGCTTCT-3’
Ai14 Tomato Reverse WT 5-CGAGGCGGATCACAAGCAATA-3’
Reverse Mutant 5-TCAATGGGCGGGGGTCGTT-3
Bo-Microglobulin Forward 5-TCATTAGGGAGGAGCCAATG-3’
Reverse 5-ATCCCCTTTCGTTTTTGCTT-3’
mt-CytB Forward 5-TGAGGGGGCTTCTCAGTAGA-3’
Reverse 5-TAGGGCCGCGATAATAAATG-3’
mt-Cox3 Forward 5’-TAACCCTTGGCCTACTCACC-3’
Reverse 5-TAGGGCCGCGATAATAAATG-3’
m-16SrRNA Forward 5-GGGATAACAGCGCAATCCTA-3

Reverse

5-ATTGGGATGTCCTGATCCAA-3’
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Supplemental Figure 1. Loss of TFAM in PRX lineage cells results in low cortical bone mass and

spontaneous fractures in male mice.

(A) X-ray images of postnatal day 21 (p21) TFAM"" (CTRL) and PRX;TFAM™ (TFAM) mutant
male mice. Arrows indicate multiple midshaft fractures in the forelimb (white arrow) and hindlimb
(red arrow) of mutant mice. Scale bars: 1 mm. (B) Longitudinal (top) and mid-shaft transverse
(bottom) micro-CT scans of tibias isolated from CTRL, PRX; TFAM"* (Het-TFAM), and TFAM p21
male mice. Scale bars: 500 ym for the longitudinal section and 100 um for the transverse section.
(C) Analysis of morphometric and micro-CT parameters, including body weight, tibia length,
cortical thickness (Ct.Th), ratio of cortical bone surface to bone volume (Ct.BS/BV), and cortical
bone mineral density (Ct.BMD). Evaluations were conducted on mutant mice and their respective



control littermates, with a minimum of five mice per group. Statistical analysis employed one-way
ANOVA complemented with Bonferroni’'s post-hoc test for multiple comparisons. Data are
presented as mean * SD. Significance levels are denoted as *P < 0.05, **P < 0.01, ***P < 0.001.
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Supplemental Figure 2. Loss of TFAM in PRX lineage cells results in a low trabecular bone mass
phenotype.

(A) On the left, H&E staining of longitudinal paraffin sections of p21 tibias. On the right, static
histomorphometry analysis of trabecular bone. Quantifications of bone volume to tissue volume
ratio (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), trabecular separation
(Tb.Sp), number of osteoblast-like cells (N.Ob-like), and number of Ob-like cells per bone surface
(N.Ob-like/BS) are shown. Scale bar: 300 ym. (B) On the left, TRAP staining of longitudinal
paraffin sections of p21 tibias with corresponding graphs quantifying osteoclast number (N.Oc)
and osteoclasts per bone surface (N.Oc/BS) on the right. Scale bar: 100 ym. (C) On the left,
Goldner's trichrome staining of longitudinal paraffin sections of p21 tibias with corresponding
graphs quantifying osteoid volume (Tb.Os) and osteoid per bone surface (Tb.Os/BS) on the right.
Scale bar: 100 um. (D) On the left, Safranin-O staining of longitudinal paraffin sections of p21
tibias with corresponding graphs quantifying cartilage remnants volume (Cg.V) and cartilage



volume over trabecular volume (Cg.V/TV) on the right. Scale bar: 100 ym. Evaluations included
mutant mice and their respective control littermates with a minimum of five mice per group. Data
are presented as mean + SD. Statistical analysis was performed using Student’s t-test.
Significance levels are indicated as *P < 0.05, **P < 0.01, ***P < 0.001.
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Supplemental Figure 3. The low bone mass phenotype observed in TFAM mutant limbs is
unrelated to either altered growth plate development or systemic factors.

(A) Whole-mount Alizarin red and Alcian blue staining of postnatal day 0 (p0) skulls isolated from
CTRL and TFAM mice. Scale bar: 2 mm. (B) Micro-CT scans of vertebrae (L5) isolated from CTRL
and TFAM p21 male mice. Scale bar: 100 um. (C) Histomorphometric analysis of CTRL and
TFAM vertebrae at p21. Quantification of bone volume/tissue volume (BV/TV), trabecular number
(Tb.N), trabecular thickness (Tb.Th), and trabecular separation (Tb.Sp) are shown. (D) H&E
staining of CTRL and TFAM vertebrae at p21. Scale bar: 100 ym. Evaluations included mutant
mice and their respective control littermates, with a minimum of five mice per group. Data are
presented as mean * SD. Statistical analysis was performed using Student’s t-test. Significance
threshold was set at P < 0.05.
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Supplemental Figure 4. Sequential optimization of periosteal cell subtype clusters.

(A) Uniform Manifold Approximation and Projection (UMAP) visualization of periosteal cells at
resolution 0.1, displaying 16 original cell subtype clusters. (B) UMAP analysis comparing CTRL
and TFAM clusters employing markers such as CD45 and CD37 mRNAs along with mitochondrial
ATP synthase subunit 6 (mt-Atp6) to gate out hematopoietic (CD45") and endothelial (CD31%) cell
clusters and cells with high TFAM activity. (C) UMAP visualization following the removal of CD31*
and CD45" cells and cells with high levels of expression of mt-ATP6 mRNA indicating persistent
TFAM activity. (D) Final UMAP assessment upon exclusion of both CD45" hematopoietic and

CD31" endothelial cells and cells with high mt-ATP6 mRNA expression. Biological and technical
duplicates were used in the analysis.
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Supplemental Figure 5. Analysis of canonical TGFB signaling in periosteal cells.

(A) Immunohistochemistry (IHC) staining for SMAD2 (top) and phospho-SMAD2 (bottom) in
longitudinal paraffin section of p21 tibias. Scale bar: 100 ym. (B) Quantification of the ratio of
phospho-SMAD2 to SMAD?2 in periosteal cells. Statistical significance was determined using
unpaired t-test, based on data from 2 biological replicates. Data are presented as mean + SD and
normalized to control (CTRL) levels to account for experimental variability. Significance threshold
was set at P < 0.05.
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Supplemental Figure 6. Loss of TFAM does not affect cell survival in vivo.

(A) TUNEL staining of longitudinal fixed frozen sections of p21 tibias. Scale bar: 100 ym. White
arrows indicate TUNEL-positive cells. The yellow arrow indicates an artifact. (B) Quantification of
the percentage of TUNEL-positive cells over total number of Ai14-positive cells in vivo. (C)
Percentage of cell death measured by trypan blue exclusion after 9 and 15 days of in vitro culture.
(D) Efficiency of recombination of TFAM floxed allele at day 9. (E) Efficiency of recombination of
TFAM floxed allele at day 15. Statistical significance was determined using unpaired t-test. Data
are presented as mean + SD and normalized to control (CTRL) levels. Significance threshold was
set at P < 0.05. Biological duplicates and technical duplicates or triplicates were used.
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Supplemental Figure 7. AMPK deletion exacerbates the phenotype in TFAM-deficent mice. (A)
Longitudinal micro-CT scans of tibias isolated from CTRL, PRX; TFAM"":AMPK"* (TFAM;Het-
AMPK), and PRX; TFAM"": AMPK™ (TFAM;AMPK) p21 female mice. Scale bars: 100 ym. (B) H&E
staining of longitudinal paraffin sections of p21 tibias. Scale bars: 100 ym. The data presented
are representative of three biological replicates. White and red arrows indicate the locations of
fractures.
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Supplemental Figure 8. HIF1dPA expression in PRX lineage cells does not affect cortical bone
mass in long bones of female mice at p21.

(A) X-ray images of p21 HIF1dPA™ (CTRL) and PRX;HIF1dPA™ (HIF1dPA) mutant female mice.
Scale bars: 1 mm. (B) Longitudinal (top) and mid-shaft transverse (bottom) micro-CT scans of
tibias isolated from CTRL, PRX;HIF1dPA™* (Het-HIF1dPA), and HIF1dPA p21 female mice. Scale
bars: 500 uym for the longitudinal section and 100 ym for the transverse section. (C) Analysis of
morphometric and micro-CT parameters, including body weight, tibia length, cortical thickness
(Ct.Th), ratio of cortical bone surface to bone volume (Ct.BS/BV), and cortical bone mineral
density (Ct.BMD). Evaluations were conducted on mutant mice and their respective control
littermates, with a minimum of five female mice per group. Statistical analysis employed one-way
ANOVA complemented with Bonferroni’'s post-hoc test for multiple comparisons. Data are
presented as mean * SD. Significance threshold was set at P < 0.05.
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Supplemental Figure 9. HIF1dPA expression in PRX lineage cells does not affect cortical bone
mass in long bones of male mice at p21.

(A) X-ray images of p21 HIF1dPA™ (CTRL) and PRX;HIF1dPA™ (HIF1dPA) mutant male mice.
Scale bars: 1 mm. (B) Longitudinal (top) and mid-shaft transverse (bottom) micro-CT scans of
tibias isolated from CTRL, PRX;HIF1dPA™ (Het-HIF1dPA), and HIF1dPA p21 male mice. Scale
bars: 500 uym for the longitudinal section and 100 ym for the transverse section. (C) Analysis of
morphometric and micro-CT parameters, including body weight, tibia length, cortical thickness
(Ct.Th), ratio of cortical bone surface to bone volume (Ct.BS/BV), and cortical bone mineral
density (Ct.BMD). Evaluations were conducted on mutant mice and their respective control
littermates, with a minimum of five male mice per group. Statistical analysis employed one-way
ANOVA complemented with Bonferroni’'s post-hoc test for multiple comparisons. Data are
presented as mean * SD. Significance threshold was set at P < 0.05.
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Supplemental Figure 10. HIF1dPA expression in PRX lineage cells does not induce significant
alterations in either cellularity or osteoblastic activity in the periosteum of long bones of female
mice at p21.

(A) H&E staining of longitudinal paraffin sections of p21 tibias, illustrating cortical bone at
midshaft. Scale bar: 100 um. (B) TRAP staining of longitudinal paraffin sections of p21 tibias.
Scale bar: 100 ym. (C) Static histomorphometry analysis conducted on longitudinal paraffin
sections of p21 tibias, quantifying cortical thickness (Ct.Th), number of periosteal osteoblast-like
cells (Ps.N.Ob-like), osteoblast-like cells per bone surface (Ps.N.Ob-like/BS), number of
periosteal osteoclasts (Ps.N.Oc), and osteoclast-to-bone surface ratio (Ps.N.Oc/BS). (D) Calcein
labeling in transverse MMA sections of p21 tibias, showing cortical bone at midshaft. Scale bar:
200 ym. (E) Goldner’s Trichrome staining of longitudinal MMA sections of p21 tibias, showing
cortical bone at midshaft. White arrows indicate the presence of osteoid. Scale bar: 100 ym.



(F) Dynamic histomorphometry analysis performed on transverse MMA sections of p21 tibias,
quantifying periosteal double-labeled surface (Ps.dL.PM), mineralizing surface over bone surface
(Ps.MS/BS), mineral apposition rate (Ps.MAR), bone formation rate over bone surface
(Ps.BFR/BS), and osteoid accumulation (Ps.OS/BS). (G, H) RNAscope analysis conducted on
longitudinal paraffin sections of p21 tibias, showing cortical bone at midshaft. The levels of
expression of Bglap (G) and Spp7 (H) mRNAs were investigated, with quantification of the signal
provided in both periosteum and endosteum. Scale bar: 100 ym. Evaluations included a minimum
of five mice per group for both mutants and their respective control littermates. Data are expressed
as mean + SD. Statistical analysis utilized Student’s t-test. Significance threshold was set at P <
0.05.
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Supplemental Figure 11. HIF1dPA expression activity in PRX lineage cells does not affect
trabecular bone in long bones of female mice at p21.

(A) On the left, H&E staining of longitudinal paraffin sections of p21 tibias. On the right, static
histomorphometry analysis of trabecular bone. Quantifications of bone volume to tissue volume
ratio (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), trabecular separation
(Tb.Sp), number of osteoblast-like cells (N.Ob-like), and number of Ob-like cells per bone surface
(N.Ob-like/BS) are shown. Scale bar: 300 ym. (B) On the left, TRAP staining of longitudinal
paraffin sections of p21 tibias with corresponding graphs quantifying osteoclast number (N.Oc)
and osteoclasts per bone surface (N.Oc/BS) on the right. Scale bar: 100 ym. (C) On the left,
Goldner's Trichrome staining of longitudinal paraffin sections of p21 tibias with corresponding
graphs quantifying osteoid volume (Tb.Os) and osteoid per bone surface (Tb.Os/BS) on the right.
Scale bar: 100 um. Evaluations included mutant mice and their respective control littermates with



a minimum of five female mice per group. Data are presented as mean + SD. Statistical analysis
was performed using Student’s t-test. Significance threshold was set at P < 0.05.
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Supplemental Figure 12. HIF1dPA corrects the low trabecular bone mass phenotype observed in
TFAM mice.

(A) On the left, H&E staining of longitudinal paraffin sections of p21 tibias. On the right, static
histomorphometry analysis of trabecular bone. Quantifications of bone volume to tissue volume
ratio (BV/TV), trabecular number (Tb.N), trabecular thickness (Tb.Th), trabecular separation
(Tb.Sp), number of osteoblast-like cells (N.Ob-like), and number of Ob-like cells per bone surface
(N.Ob-like/BS) are shown. Scale bar: 300 ym. (B) On the left, TRAP staining of longitudinal
paraffin sections of p21 tibias with corresponding graphs quantifying osteoclast number (N.Oc)
and osteoclasts per bone surface (N.Oc/BS) on the right. Scale bar: 100 uym. (C) On the left,
Goldner's Trichrome staining of longitudinal paraffin sections of p21 tibias with corresponding
graphs quantifying osteoid volume (Tb.Os) and osteoid per bone surface (Tb.Os/BS) on the right.



Scale bar: 100 um. (D) On the left, Safranin-O staining of longitudinal paraffin sections of p21
tibias with corresponding graphs quantifying cartilage remnants volume (Cg.V) and cartilage
volume over trabecular volume (Cg.V/TV) on the right. Scale bar: 100 ym. Evaluations included
mutant mice and their respective control littermates with a minimum of five female mice per group.
Data are presented as mean + SD. Statistical analysis was performed using Student’s t-test.
Significance levels are indicated as *P < 0.05, **P < 0.01.
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Supplemental Figure 13. Loss of TFAM reduces steady-state intracellular ATP levels in
unsorted periosteal cells.

(A) Quantitative analysis of ATP concentrations in cultured periosteal cells comparing TFAM™"
(CTRL), PRX;TFAM" (TFAM) periosteal cells. (B) Quantification of TFAM floxed allele
recombination efficiency using 2loxP qPCR in TFAM mutant periosteal cells relative to CTRL,
alongside gqPCR quantification of mitochondrial gene expression, focusing on Cytochrome c
oxidase 3 (Cox3), Cytochrome B (Cytb), and 16S ribosomal RNA (716S rRNA) genes in CTRL and
TFAM periosteal cells. Experiments employed biological and technical duplicates or triplicates.
Statistical significance was determined using a Wilcoxon matched-pairs signed-rank test or an
unpaired t-test as appropriate, based on the data distribution and variance characteristics. Data
are expressed as mean * SD, with normalization to CTRL levels to account for experimental
variability. Significance thresholds are indicated as follows: *P < 0.05, **P < 0.01, ***P < 0.001.
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