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Indirect calorimetry 
Indirect calorimetry was performed at the core facility for Rodent Metabolic Phenotyping, University of 
Copenhagen, using the TSE Systems metabolic cage for 3 light and 4 dark cycles (N=12). Mice were acclimatized 
to cages 3 days prior to measurements. Food and water were supplied ad libitum. Caloric intake was calculated 
from grams of food eaten and manufacturers statement of calorie content/g diet.   
 
Magnetic resonance imaging 
Magnetic resonance imaging was performed to record lean and fat mass, using an Echo-MRI 4-1 scanner 
(EchoMRI). 
 
Glucose tolerance test 
Prior to oral glucose tolerance test (OGTT) mice were fasted for 6 hrs. 2g of glucose/kg BW was administered 
(N=11-15 or N=7-8). Blood glucose concentrations were measured at 0, 20, 40, 60 and 120 minutes after glucose 
bolus. 
 
Measure of insulin levels  
Blood was collected (N= 7-8) in EDTA tubes and insulin quantified using an Insulin Elisa Kit (DRG 
Diagnostics). Absorbance at 450 nm was measured using a Hidex Sense Microplate reader. Insulin concentrations 
were extrapolated from calibrator concentrations using Cubic Spline Regression. HOMA-IR was calculated 
according to the formula [glucose concentration (mmol/L) x Insulin concentration (μU/mL)/22.5]. 
 
Isolation of muscle satellite cells 
Skeletal muscle was dissected from hind limbs (N=6), dissociated mechanically and with collagenase II (Life 
Technologies, Gibco) then, after single fibers were obtained, incubated with a mix of collagenase II and dispase 
(Life Technologies, Gibco) to isolate satellite cells from the single fibers. Cells were washed and incubated with 
anti-CD45-PE (AH diagnostics), anti-Cd11b-PE (AH diagnostics), anti-Sca1-APC (AH diagnostics), anti-
CXCR4-biotin (BD Biosciences), anti-β Integrin (Armenian Hamster Ab) (BD Biosciences), washed and 
incubated with FITC conjugated anti-Armenian Hamster (AH diagnostics) and streptavidin-PeCy7 conjugated 
(AH diagnostics) secondary antibodies. Immediately before sorting, cells were stained with Propidium iodide 
(Life Technologies). Cells were sorted using FACSaria II (BD Bioscience). Doublet cells were excluded and 
satellite cells were gated as CD45-, Mac1-, Sca1-, β-integrin 1+ CXCR4+. Upon sorting, cells were plated on 
matrigel-coated plates, in growth media (Hams F-10 Nutrient mix, 20% Horse Serum, 1% P/S, 5 ng/mL basic 
Fibroblast Growth Factor). Upon differentiation cells were changed to Hams F-10 Media, 2% HS, 1% P/S. 
Assessment of cell proliferation was performed by counting cells using hemocytometer when passaging cells. 
 
DNMT activity assay 
Nuclear and cytoplasmic proteins for DNMT activity assay were isolated using Nuclear Extract Kit (Active 
Motif) following manufacturer’s instructions. Protein concentration was determined using a BCA Protein Assay 
Kit (Pierce). For mouse skeletal muscles, DNMT activity was assessed on 1 µl nuclear protein extract (equivalent 
to 3-6 µg proteins) using the EpiQuik DNMT Activity/Inhibition Assay Ultra Kit (Epigentek). For L6 cells, 
DNMT activity was assessed using 1 µg nuclear proteins and the EpiQuik DNMT Activity/Inhibition Assay Kit 
(Epigentek). Absorbance was read at 450 nm using a Hidex Sense Microplate reader. Finally, DNMT activity was 
calculated by the following equation: DNMT activity (OD/h/mg) =(Sample (OD) – Blank (OD))/(Protein Amount 
loaded(µg) x Incubation time (hr))*1000. 
 
Proliferation assay 
BrdU incorporation was used as a measure of cell division in irradiated L6 cells (2 Gy, N=3) or sham-treated 
cultures (N=3). Cells were incubated with BrdU (Cell Signaling Technology) for 4 hrs, washed and incubated 
with fixation buffer, before addition of BrdU binding antibody. Horseradish peroxidase conjugated antibody was 
added and cells were washed 3 times prior to addition of substrate. Reaction was continued for 20 mins, hereafter 
absorbance was measured at 450 nm using a Hidex Sense Microplate reader.  
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Detection of reactive oxygen species 
Irradiated or sham treated cells L6 cells (2 Gy, N=3) were incubated with 5 μM Cellrox® green (Life 
Technologies) and 1 μg/mL Hoechst (Sigma-Aldrich). Fluorescence was detected using a Hidex Sense Microplate 
reader (excitation/emission Cellrox® green: 485/535 and Hoechst: 340/485). Cells were treated with 50 μM of 
menadione (Sigma-Aldrich) prior to addition of fluorophores. Results are reported as the ratio of Cellrox® green 
fluorescence to Hoechst staining. 
 
Immunofluorescence 
Expression levels of myogenin, a marker of myogenic differentiation, were determined by immunofluorescence in 
L6 cultures (N=3). Cells were fixed in formaldehyde and permeabilized. Cells were incubated with primary Ab 
(Santa Cruz Biotechnology), washed and incubated with fluorophore-conjugated secondary Ab (Invitrogen), 
before staining DNA with Hoechst 33342 stain (Sigma-Aldrich). Images were recorded on Zeiss CellObserver® at 
the Core Facility for Integrated Microscopy, and processed using Fiji.  
 
Methylated DNA capture 
Genomic DNA was extracted using DNeasy Blood & Tissue Kit (Qiagen), and quantified using Qubit dsDNA HS 
kit (Life Technologies). Purified DNA was sonicated to achieve fragments between 100-1000 bp in size. 
Methylated DNA was captured using MethylMiner (Invitrogen). Shortly, methylated DNA was captured by beads 
conjugated with methyl-binding-domains (MBD). Captured DNA was eluted using a high-salt buffer, followed by 
ethanol precipitation. Recovered DNA was prepared for sequencing by adenylation using dATP and Klenow 
DNA polymerase (3’ to 5’ exo minus) (New England Biolabs) followed by ligation to TruSeq adapters (Illumina). 
Ligation products were purified using AMPure Beads, subjected to an ethanol-based cleanup and amplified by 
PCR (30s 98°C; (10s 98°C, 30s 60°C; 30s 72°C) x 18-25 cycles; 5 min 72°C) using Phusion DNA Polymerase 
(New England Biolabs). PCR products were purified using AMPure Beads (Beckman Coulter). Libraries were 
quality-controlled using a Bioanalyzer instrument (Agilent) to estimate average fragment length, and subjected to 
50 bp paired-end sequencing on HiSeq 2500 (Illumina) at the Danish National-Throughput Sequencing Centre. A 
total of 466.9 million reads were generated. On average 19.0 million reads per sample were mapped. After cutoff, 
3172 CpG islands, 29,022 CpG shores, 27,698 exons and 25,746 promoters were investigated. 
 
Reduced Representation Bisulfite Sequencing (RRBS)  
RRBS was performed as previously described (1). Genomic DNA was incubated with Msp1 restriction enzyme 
(New England Biolabs) overnight to achieve fragmentation. Adenylation was performed using dATP and Klenow 
DNA polymerase (3’ to 5’ exo minus) followed by ligation to TruSeq adapters (Illumina). 12 ligated samples 
were pooled, and subjected to bisulfite conversion using EZ DNA Methylation Kit (Zymo Research) according to 
manufacturer’s protocol. Library was amplified by PCR (2 min 95°C; (30s 95°C; 30s 65°C; 45s 72°C) x 18 
cycles; 7 min 72°C). PCR products were purified using AMPure Beads, quality controlled on a Bioanalyzer 
instrument, and subjected to 50 bp single-end sequencing on a HiSeq 2500 instrument at the Danish National 
High-Throughput DNA Sequencing Centre. A total of 598.9 million read were generated. On average, 8.1 million 
reads per sample were mapped. The total number of CpG clusters generated were 1,113,785 and 1,110,557 for 
SVF and satellite cells respectively. 
 
Quantitative PCR (qPCR) 
Primers were designed using Geneious Software. Total RNAs were reverse transcribed to cDNA using iScript 
cDNA Synthesis Kit (Bio-Rad) according to manufacturer’s protocol. qPCR was run using Brilliant III SYBR® 
Green QPCR Master mix (Agilent) and run with the following cycles: 5 min 95°C; (5 s 95°C; 10 s 72°C; 5 s 
60°C) x 40 cycles; 5 min 95°C, on a Bio-Rad CFX Real-time PCR system. Samples were run in triplicates and 
normalized to ssDNA, or ΔΔCT relative to the housekeeping gene. ssDNA quantification was performed using 
Qubit ssDNA Kit (Life Technologies). 
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Supplementary Table 1. Differentially methylated regions of SVF cells, RRBS 
DNA methylation was investigated in undifferentiated cells from SVF isolated 40 wks after irradiation (6 Gy, 
N=6 per group). Sequencing data were processed as described in methods. We found 5,493 regions differentially 
methylated between irradiated and non-irradiated samples located at proximity of 3,241 genes. Difference in 
methylation is informed as “median methylation difference between non-irradiated and irradiated” with negative 
values of methylation corresponding to higher methylation in irradiated samples. Width denotes the length of the 
sequence (bp) differentially methylated.   
 
Supplementary Table 2. Differentially methylated regions of satellite cells analyzed by methylated DNA capture 
DNA methylation was investigated by methylated DNA capture in undifferentiated satellite cells isolated 20 wks 
post irradiation (6 Gy, N=6 per group). We found 3,104 DMRs between muscle cells isolated from irradiated and 
non-irradiated mice. Sequencing data were processed as described in methods, and only differentially methylated 
data are presented, separating sequences located in promoters, CpG islands, CpG shores and exons. Difference in 
methylation is given as Log(Fold Change) (LogFC) between irradiated and non-irradiated cells. 
 
Supplementary Table 3. Differentially methylated regions of satellite cells, RRBS 
DNA methylation was investigated in undifferentiated satellite cells isolated 20 wks post-irradiation (6 Gy, N=6). 
Differentially methylated data after irradiation, diet or by an interaction of irradiated and HFD are presented. We 
found 9,827 DMRs affecting 4,583 genes, which were differentially methylated between cells isolated from 
irradiated and non-irradiated mice. Difference in methylation levels is given as “median methylation difference 
between non-irradiated and irradiated”, with negative values of methylation corresponding to higher methylation 
in irradiated samples. Width denotes the length of sequence (bp) differentially methylated.   
 
Supplementary Table 4. Differentially expressed genes of irradiated satellite cells 
Gene expression was investigated in undifferentiated satellite cells isolated 20 wks post-irradiation (6 Gy, N=6). 
1696 genes were differentially expressed (FDR <0.1), while 827 genes were differentially expressed (FDR<0.05) 
in satellite cells irradiated in vivo. LogFC is calculated for irradiated vs. non-irradiated.  
 
Supplementary Table 5. Regions differentially methylated and expressed in satellite cells 
Gene expression data and DNA methylation data (RRBS, FDR<0.01) were compared from undifferentiated 
satellite cells isolated 20 wks post irradiation (6 Gy, N=6). 221 genes were both differentially methylated and 
differentially expressed, of which 65% exhibited an inverse correlation between methylation and expression. 
 
Supplementary Table 6 . Differentially methylated regions common between SVF and satellite cells 
DNA methylation was investigated in undifferentiated satellite cells isolated 20 wks post-irradiation (6 Gy, N=6) 
and in undifferentiated cells from the SVF isolated 40 wks after irradiation (6 Gy, N=6). DMRs from each 
analysis were compared. We found an overlap in 1,685 regions. Of these, 870 were hypo- or hypermethylated in 
both satellite cells and SVF (denoted as Dir TRUE).  
 
Supplementary Table 7. Reads generated in sequencing data sets 
Compilation of number of reads, %reads aligned and average read coverage, generated by RRBS (satellite cells 
and SVF), RNA seq and DNA methylcapture. For RRBS data, clustering density at genomic regions such as 
promoter, gene bodies, enhancers and distal intergenic has been denoted.  
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Supplementary Figure 1. Metabolic characterization of irradiated mice. 
10-week-old C57Bl/6 mice were irradiated (6 Gy, N=30) or sham-treated (N=30). Energy expenditure of 
irradiated and non-irradiated mice was measured after 10 weeks into HFD (60%), using TSE systems (N=10-12). 
Measurements were performed for 84 hrs, and an average of 24 hrs is presented. Mice were acclimatized to cages 
for 3 days prior to initiation of measurements. (A) Calorie intake. (B) VO2 consumption. (C) Fat and lean mass of 
mice after 26 wks into HFD (N=7-9). (D) Fasting plasma glucose concentrations after 28 wks into HFD (N=7-8). 
(E-F) mRNA levels of insulin (E) and glucagon (F) from isolated pancreatic islets, normalized to ssDNA content 
(N=5-8). Error bars are SEM, * p<0.05, ** denotes irradiation effect, # denotes HFD effect. 
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Supplementary Figure 2. Gene ontology analysis of differentially methylated regions in the SVF. 
Pre-adipocytes were isolated from the SVF 40 wks post irradiation in mice mice fed either chow or HFD (N=6 per 
group). (A) Representative immunoblots images of insulin stimulated SVF cultures. (B) DNA methylation was 
investigated prior to differentiation. We found 5,493 DMRs between SVF cells from irradiated and non-irradiated 
mice, affecting 3,241 genes. Gprofiler was used to analyze for enrichment of specific gene ontology terms. 
REVIGO (1) was used to summarize the list of gene ontology terms. 
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Supplementary Figure 3. Gene expression and DNA methylome of Satellite cells. 
Gene expression and DNA methylation in skeletal muscle satellite cells isolated from irradiated and non-
irradiated mice were investigated prior to differentiation (N=6 per group). (A-C) Gene expression of DMRs was 
investigated by qPCR. Results are relative to standard curve, normalized to ssDNA. (A) CLK2, (B) ERK1; (C) 
SMAD4. (D) DNA methylation was investigated in satellite cells isolated 20 wks post irradiation (N=6 per 
group). We found 9,827 DMRs affecting 4,583 genes, which were differentially methylated between cells isolated 
from irradiated and non-irradiated mice. Gprofiler was used to analyze for enrichment of specific gene ontology 
terms. REVIGO was used to summarize the list of gene ontology terms. Error bars are SEM, # denotes HFD 
effect.  
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Supplementary Figure 4. Irradiation does not alter DNMT3A and DNMT3B protein levels or 
subcellular localization. 
8 wk-old C57Bl/6 mice (N=7) and L6 cells (N=4) were irradiated or sham-treated. 24 hrs post-
irradiation, DNMT3A (A) and DNMT3B (B) protein levels were quantified in nuclear extracts from 
gastrocnemius skeletal muscle, as well as their cellular localization (C and D, respectively). 
Representative Western blot images are presented (F). 24 hrs post-irradiation, DNMT3B protein 
expression was investigated in the nuclear protein extracts from L6 cells (E). Error bars represent SEM. 
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Supplementary Figure 5. Gene ontology of genes differentially expressed and methylated in 
satellite cells from irradiated mice. 
We found 221 genes that were both differentially expressed and differentially methylated in satellite cells isolated 
20 wks post-irradiation (N=6 per group). Of these, 65% exhibited an inverse relation between DNA methylation 
and gene expression. Gprofiler was used to analyze if these genes are involved in specific processes and REVIGO 
(1) to summarize the list of gene ontology terms. 
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Supplementary Figure 6. Gene ontology of DMRs in common between SVF and satellite cells. 
DNA methylation was investigated in satellite cells isolated 20 wks post irradiation and in cells from the SVF 
isolated 40 wks post irradiation (N=6 per group). DMRs from each analysis were compared. We found an overlap 
in 1,685 regions. 870 of these regions were hypo- or hypermethylated in both SC and SVF. Gprofiler was used to 
analyze if DNA methylation of specific pathways were affected by ionizing radiation and REVIGO (1) to 
summarize the list of gene ontology terms. 
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Supplementary Figure 7. Proliferation of irradiated L6 muscle cells is not affected by antioxidants or 
folate. 
L6 myoblasts were irradiated with 2 Gy of X-ray, or sham-treated (Ctrl). Irradiated cells were either untreated or 
treated with Vitamin C (VitC), Folate and Vitamin B12 (FOL), or Vitamin E (VitE). Proliferation was assessed by 
BrdU incorporation (A) 1 day post irradiation and (B) 1 wk post-irradiation.  
 

 
 




