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SUPPLEMENTARY TABLES 
 

Supplementary Table 3. Summary of reduced CpG models: performance metrics under elastic net regularization 
and post-hoc thresholding. 

Methods Alpha regularization Alpha regularization Post-hoc thresholding 

Modeling 
Elastic net; alpha = 0.5,  

l1_ratio = 0.9852 
Elastic net; alpha = 0.8,  

l1_ratio = 0.9852 
Elastic net; alpha = 0.0178,  

l1_ratio = 0.9852 

n of CpG 8 5 6 

train 

MAE 9.377 11.509 5.052 

RMSE 12.0175 14.4748 5.943 

r 0.8109 0.7299 0.934 

R-squared 0.4479 0.1991 0.865 

test 

MAE 10.4848 11.9844 7.364 

RMSE 12.7364 14.6885 11.3 

r 0.7628 0.6897 0.726 

R-squared 0.3742 0.1677 0.507 

Formula Position Coefficient Position Coefficient Position Coefficient 

 

intercept 55.5899595 intercept 44.53694062 intercept 163.3170259 

chr3:12815297 −6.566861612 chr19:10636467 −6.493581544 chr3:44761961 53.498989 

chr19:10636467 −15.12568411 chr9:22005565 8.777387791 chr17:29042762 38.623448 

chr3:12815285 −9.302902911 chr9:22005510 3.293509568 chr3:12815466 −30.351224 

chr3:12815282 −2.1355773 chr9:22005577 5.634173089 chr3:44761965 29.531605 

chr9:22005565 13.39037812 chr7:143316521 −2.470404842 chr19:57527206 30.667327 

chr9:22005510 6.784154861   chr3:12815426 −40.055187 

chr9:22005577 10.73001316     

chr7:143316521 −9.800951957     

 

 

Supplementary Table 4. Hallmarks of Aging and functional annotations of the 20 skeletal muscle–specific CpG 
markers. 

Marker CpG_ID RefGene Hallmark of aging Functional annotation 
Supplementary 

References 

MA_01 cg06458239 ZNF549 Epigenetic Alteration Zinc finger transcription factor [1, 2] 

MA_02 cg02426178 SLC44A2 
Mitochondrial 
Dysfunction 

Choline transporter, Mitochondrial 
choline transporter regulating ATP 
production, oxidative stress, and 

metabolic homeostasis. 

[3, 4] 

MA_03 cg11456906 CFAP74 
Altered Intercellular 

Communication 
Ciliary and flagellar motility [5] 

MA_04 cg07743451 TPM3 
Mitochondrial 
Dysfunction 

Thin filament stabilization  
(actin-binding) 

[6, 7] 

MA_05 cg14812508 TWF2 Cytoskeletal Integrity 
Actin-binding protein involved in cell 

motility 
[8] 

MA_06 cg07188513 MNX1-AS1 . .  

MA_07 cg07502461 TWF2 Cytoskeletal Integrity 
Actin-binding protein involved in cell 

motility 
[8] 

MA_08 cg09926178 ACTA1 Cytoskeletal Integrity Muscle contraction regulation [9, 10] 

MA_09 cg15730967 CAND2 
Altered Intercellular 

Communication 
Heart muscle development, cAMP 

signaling pathway 
[11] 
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MA_10 cg07303143 KIF15 Stem Cell Exhaustion 
Mitotic spindle and proliferation 

regulation 
[12] 

MA_11 cg17722263 MYCNUT Proteostasis Loss 
Ubiquitin–proteasome system and 

protein degradation 
[13] 

MA_12 cg05543030 . . .  

MA_13 cg08390209 CDKN2B Cellular Senescence 
Cell cycle arrest via INK4 family 

inhibition 
[14–17] 

MA_14 cg19145398 FOXS1 Epigenetic Alteration 
Transcriptional regulation via Forkhead 

box pathway 
[18] 

MA_15 cg26149678 IL18BP Inflammaging 
Immune signaling modulation, 

antagonist of IL-18 
[19] 

MA_16 cg12966875 SLPI Inflammaging 
Protease inhibitor, innate immune 

response modulator 
[20] 

MA_17 cg06059810 RUFY3 
Altered Intercellular 

Communication 
Vesicle trafficking and autophagy 

regulation 
[21, 22] 

MA_18 cg17922226 CLCN1 
Neuromuscular Junction 

Dysfunction 
Chloride ion channel in skeletal muscle 

excitability 
[23] 

MA_19 cg06144905 PIPOX 
Mitochondrial 
Dysfunction 

Peroxisomal amino acid and redox 
metabolism 

[24] 

MA_20 cg13985639 DHDPSL 
Mitochondrial 
Dysfunction 

Amino acid metabolism, mitochondrial 
enzymatic function 

[25] 

 

Supplementary Table 5. Primers for quantitative real-time reverse transcription PCR (qRT-PCR). 

Related CpG RefGene Forward primer sequence (5′→3′) Reverse primer sequence (5′→3′) Size (bp) 

cg06458239 ZNF549 CTTTACCGCCCGCCTTTC GGCACCTTTGAGCTTCATCA 155 

cg02426178 SLC44A2 TCATGTTCTTCTGGTTGGCC ATCTGCACAATGGCCAGGAT 199 

cg11456906 CFAP74 AAGGCCGAGGAACACAGATT GCGGCAAACTTGATCTGGTA 128 

cg07743451 TPM3 GAAGTTGAGGGAGAAAGGCG CTCCTGAGCACGGTCCAG 105 

cg14812508 TWF2 CCTGGTCGCCTGATAACTCC ACAGGACGACAGGTGTTTCT 164 

cg07188513 MNX1-AS1 CAAAGCTCTGCAGGTCGAAC TGCATGTGTTTGGTGGCTAC 113 

cg09926178 ACTA1 GGACAGCGCCAAGTGAAG CGTCTTCGTCGCACATTGT 111 

cg15730967 CAND2 AGGATAGTGAATTCAGTGAGCAA AGCCTTGACGTTCTCCTCG 200 

cg07303143 KIF15 GGCTGCATTGTTTTCGGGAT TCTTTCTGCAGGAGGACGAA 154 

cg17722263 MYCNUT CCGATGTACAGGCAGAACTTG GACCACAGAACTCAGCCAGA 245 

cg08390209 CDKN2B CTGGAACCTAGATCGCCGAT GGTGAGAGTGGCAGGGTC 140 

cg19145398 FOXS1 GAAGCTGAGCCTGACCCA CTTGGTTGGCTCAGTTGTGG 104 

cg26149678 IL18BP AAGGAAGGCTCTTCAGGACC AGGAGCAGGACCCACAAAG 147 

cg12966875 SLPI AGAGTCACTCCTGCCTTCAC TGGGCAGATTTCTTAGGAGGA 145 

cg06059810 RUFY3 CTCACCGCTGCCCTTCCT CAGCTTGGCCATGTTCATGA 127 

cg17922226 CLCN1 GGACTGCCCTCTGAGAATGG CCTATGTCCTGCTCCCTGTC 130 

cg06144905 PIPOX GCCTGTCTTTGCTTGCCTTT CCTCGGGAGTGTGGTAGAAA 195 

cg13985639 DHDPSL GGGAAGAAGGTGGACATTGC TGCTGGTCAGGAAAGGAAAC 172 

 GAPDH CCACTCCTCCACCTTTGACG CCACCACCCTGTTGCTGTAG 211 
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Supplementary Table 6. Primers used for PCR with bisulfite-converted DNA as the template. 

Marker CpG_ID Forward primer sequence (5′→3′) Reverse primer sequence (5′→3′) Size (bp) 

MA_01 cg06458239 AGGTGTTTTTTTTTTGGGTAATGAT CCTCTCTTTCTTAAATTAAATCCTCAC 129 

MA_02 cg02426178 AGGGTTTAGTAGTAGGAGGTAAAG ACCCTACTAAACCTACAAATCTTCA 116 

MA_03 cg11456906 AGGTATAGAGGAATTTAGGGTAGAA CTACACCTCCCTAAACCTAAAAAC 308 

MA_04 cg07743451 GGGAGAGGTAGATAGTTTTT CTATACTCACAAATACATTACCC 154 

MA_05 cg14812508 GTTTAAAGTAGGGTGTGGTT CCCCTACAAAATAACCTCT 208 

MA_06 cg07188513 AGTTATTTTTTGTGTTAGGGGTAAG CCCAAACACATTAATCCTATCCTAC 181 

MA_07 cg07502461 TTGTTTTGGGGGTAGAGGT ACAACTTTATACCTTCCCTTACT 197 

MA_08 cg09926178 GAATTAGGAAAAGGGGTATAGG CCCAACAAACAAACAATAC 207 

MA_09 cg15730967 AGTGGTTGGGTAGGTAAAT CACTACACCCTAACACCTATAC 286 

MA_10 cg07303143 GGATATTGAAGGAAGGGATGAGTTT CCCTATTTTTACCCCCAAATACAAC 176 

MA_11 cg17722263 GAGATTAGGGGAAAGGTT CCATCACTATCTTTAATCATTC 101 

MA_12 cg05543030 TGTTGTTTTTGGGAGAGTTATTG AAACTTTCAATATCTAAATCCCTATCT 222 

MA_13 cg08390209 GAGTGGGAGAAGGTAGTGATTA CCTCCACTTTATCCTCAATCTT 142 

MA_14 cg19145398 TTGGGGAGGGATAGGATGTG CTCCCTCTTTCTCCCTCTTATAAT 144 

MA_15 cg26149678 GGTTGGTTTTYGAGTTTGTGTGTTAGT CACTAATAATCCCAAACTCCTACCTA 211 

MA_16 cg12966875 AGGTATAGAATAGGTATTGGGGATA ACCAAACACAAACTCCCTACTA 214 

MA_17 cg06059810 GTTGGGATGTTGAGTTTTTATAGGA CTCCCAACATCAACAACATCTATA 168 

MA_18 cg17922226 GTGAAAATGAGGAATTGGGTGAAAAGA ACATACTTAAATAAACCCAAACTTTCAA 124 

MA_19 cg06144905 GGAGGTGGGTTTTATTTTGG CCTACTAATTTTCCCCTCTTC 95 

MA_20 cg13985639 AGGGGAGATTGGTTTGGAGTTA CAACCACATACCTTCACATCTACA 211 

 

Supplementary Table 7. Four sets of primers used for single base extension (SBE). 

Group Marker SBE primer sequence (5′→3′) Size (bp) 

G1 MA_15 (T)50 TCCTCCTTATCTATAAAACTCTCAC 75 

 MA_07 (T)41 AAACTAAAAATCTACAACRAAAAAC 66 

 MA_17 (T)32 TTTTAATCAACACCCTACTTACTAC 57 

 MA_13 (T)23 CTCCTCAACAAACATTAAAATAAAC 48 

 MA_01 (T)14 CTTTCTTAAATTAAATCCTCACAAC 39 

 MA_02 (T)5 CATATTCTTCTAATTAACCAACTTC 30 

G2 MA_09 (T)50 ATACTCATCCRCCRCTTCAAAAAAC 75 

 MA_20 (T)41 TAACAAAATTAACAAAAACTTTCAC 66 

 MA_10 (T)32 TATAAAAAAATAACAACCTCRAACC 57 

 MA_14 (T)23 CTCATTTTATTTTTATCTCTATCCC 48 

 MA_18 (T)14 TTTCATATTTTAAACACATCACCAC 39 

 MA_19 (T)5 TACTTTAAAAATTCTAAAAAACCCC 30 

G3 MA_06 (T)45 AATCTTCRAAAACTCATACAATTCC 70 

 MA_08 (T)35 ACAAAAAACTTCTCAATAAAATCTC 60 

 MA_05 (T)25 TTACTAAATACCAAAAACACCTATC 50 

 MA_16 (T)15 CTTAATTCCCTAAAATATTTACACC 40 

 MA_12 (T)5 CTCAAAAAACTTAAATTAAAACCC 29 

G4 MA_11 (T)35 TTCAAAATACAACCRCATACRCTAC 60 

 MA_04 (T)20 CAAATACATTACCCAAAAAAATACC 45 

 MA_03 (T)5 TAAATTCTTATTACTACTAAAACC 29 
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Supplementary Table 8. Primers for single multiplexes of markers in the highest performance model for SBE. 

Marker SBE Primer Sequence (5′→3′) Size (bp) 

MA_19 (T)1 TACTTTAAAAATTCTAAAAAACCCC 26 

MA_13 (T)10 CTCCTCAACAAACATTAAAATAAAC 35 

MA_04 (T)20 CAAATACATTACCCAAAAAAATACC 45 

MA_01 (T)30 CTTTCTTAAATTAAATCCTCACAAC 55 

MA_08 (T)41 ACAAAAAACTTCTCAATAAAATCTC 66 

MA_18 (T)52 TTTCATATTTTAAACACATCACCAC 77 

MA_10 (T)62 TATAAAAAAATAACAACCTCRAACC 87 
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