
Fig S1. Sample quality control across 450K datasets after exclusion of low-quality samples. Under default parameters 
ENmix::Qcinfo flags any sample with percent of low-quality data higher than 0.05 and average bisulfite conversion 
intensity of mean - 3 × standard deviations. The correspondance between the names employed and the datasets is the 
following: E-risk (dataset-A), Danish (dataset-B), population (dataset-E), TwinsUK (dataset-F), Gambia (dataset-G), 
adipose longitudinal (dataset-J) and children population (dataset-D). 
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Fig S2A. Sex quality control across 450K datasets after exclusion of samples with wrongly assigned sex. The 
correspondance between the names employed and the datasets is the following: E-risk (dataset-A), Danish 
(dataset-B), population (dataset-E), TwinsUK (dataset-F) and Gambia (dataset-G). 



Fig S2B. Sex quality control across 450K datasets after exclusion of samples with wrongly assigned sex. The 
correspondance between the names employed and the datasets is the following: adipose longitudinal (dataset-J) 
and children population (dataset-D). 
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Fig S3. Beta-value distribution across all non-filtered CpGs at each stage of the pipeline for three different normalization 
methods on the discovery cohort.  
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Fig S4. Absolute differences of beta-value distribution between MZ twin pairs across all non-filtered CpGs at each stage 
of the pipeline for three different normalization methods on the discovery cohort.  



Fig S5. Correction of batch effects and cell composition differences in the discovery cohort. a. MDS plot on the 5,000 
most variably methylated CpGs for StrQN and StrQN+ComBat, coloured by batch (left) or by sex (right).  b. Predicted 
cell counts density distribution across individuals on StrQN+comBat with (right) and without (left) cell composition 
correction.  
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Fig S6. Individual Manhattan plots for each normalization method. Significance is displayed across chromosomes for all 
CpGs tested for equivalence (odds and even chromosomes represented either in blue or orange). Employed 
normalization methods include: a. StrQN. b. Dasen. c. oob_RELIC_QN_BMIQ. evCpGs are highlighted in green. 
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Fig S7. Addtional verification on the evCpG discovery. a. Log10-transformed p-values heatmap (combined across 
normalisations with maxi) over B = 100 unrelated matchings for the total 333 evCpGs and 333 randomly selected non-
significant CpGs (control CpGs). b. Binary heatmap indicating whether a given p-value was significant based on the 
significance threshold employed at the discovery stage (α = 0.05/4,652). 
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Fig S8. Agreement between MZ twins measured as concordance plotted against methylation range (See Supplementary 
methods for details) for a. Danish Twin Registry and b. TwinsUK. evCpGs are highlighted in blue.  
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Fig S9. Additional technical control of evCpGs in the E-risk discovery cohort (dataset-A). a. Distribution of number of 
beads among significant (evCpGs) and non-significant hits. b. Proportion of low-quality samples per CpG among 
significant (evCpGs) and non-significant hits. c. Intra-class correlation coefficient distribution (extracted from the ARIC 
study) among significant (evCpGs), non-significant hits and excluded probes. 
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Fig S10. Superior evCpG variation between MZ twins compared to technical replicates in the Danish Twin Registry. a. 
Concordance against methylation range for MZ twin pairs (red) and technical replicates (blue) for 329/333 evCpGs 
showing high-quality. Arrows link technical replicate to twin pair nodes. In case that the observed variation is beyond 
technical noise, it is expected that the methylation range will increase (Δx = Δrange > 0), while the concordance will 
decrease (Δy = Δconcordance < 0). b. Number of evCpGs per category mentioned in (a). c. Empirical cumulative 
distribution function of |Δβ| in evCpGs in MZ twins and technical replicates.  
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Fig S11. a. Heatmap with unsupervised hierarchical clustering based on 299 out of 333 evCpGs and equal number of 
control probes in group A from Zhang et al. b. Flanagan temporal ICC distribution of the set of control CpGs, evCpGs 
and non-significant hits out of the variably methylated CpGs. 
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Fig S12. Additional results on the relation between evCpGs and aging. a. Identified infancy-to-adolescence epigenetic 
drift changes. b. Inter-quantile range (IQR) distribution across cohorts. c. Empirical cumulative distribution of the 
absolute differences in evCpG methylation in monozygotic twins belonging to E-risk and TwinsUK. 
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Fig S13. Post-mortem inter-tissue evCpG variation. MDS plots were performed on a. 65 SNPs in the 450K, b. 
Genetically influenced control CpGs and c. evCpGs. Colours highlight which individual corpse (left) or embryonic layer 
(right) the sample derives from. 
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Fig S14. Longitudinal stability in adipose tissue a. Heatmap with unsupervised hierarchical clustering based on evCpGs 
and a set of genetically influenced control CpGs derived from previously reported mQTLs in blood b. Distribution of 
temporal ICC excluding one outlier in both evCpGs and control CpGs. 
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Fig S15. De novo motif enrichment analysis. a. Homer’s de novo motif enrichment analysis output. 



Fig S16. [G+C] content and known motif enrichment analysis. a. Homer’s known motif enrichment analysis output. b.
[G+C] content distribution in sequences ± 500 bp around evCpGs and the background CpGs. 
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Fig S17. Functional and island status enrichment analysis of evCpGs a. CpG functional  status and  b. CpG island 
status enrichment analysis, where odds ratios and significance are represented on the left while relative counts are 
represented on the right (absolute counts are highlighted in red).  ns: non-significant; *: 0.01 ≤ p-valBonferroni < 0.05; **: 
0.001 ≤ p-valBonferroni < 0.01; ***: p-valBonferroni < 0.001. 
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Fig S18. PBMC 15-state HMM status enrichment analysis of evCpGs a. Chromatin functional state enrichment analysis, 
where log2 transformed odds ratios and significance are represented on the left while relative counts are represented on 
the right (absolute counts are highlighted in red).  ns: non-significant; *: 0.01 ≤ p-valBonferroni < 0.05; **: 0.001 ≤ p-
valBonferroni < 0.01; ***: p-valBonferroni < 0.001. 
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genes with promoter and enhancer signatures; (4) Tx: actively transcribed; (5) TxWk: weakly transcribed; (6) EnhG: genic 
enhancer; (7) Enh: enhancer states; (8) ZNF/Rpts: associated with zinc finger genes; (9) Het: constitutive heterochromatin; (10) 
TssBiv: bivalent/poised TSS; (11) BivFlnk: flanking bivalent TSS/Enhancer; (12) EnhBiv: bivalent enhancer; (13) ReprPC: 
repressed polycomb; (14) ReprPCWk: weak repressed Polycomb; (15) Quies: quiescent. 



Fig S19. GTEX RNA expression of evCpG-associated genes in several tissues.  
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Fig S20. EWAS trait enrichment of evCpGs based on the EWAS atlas database and focusing on the traits that were 
associated to evCpGs. a. Fisher’s exact test significance. b. Enrichment odds ratios. 
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Fig S21. WGBS data visualization in a. whole blood and b. adipose tissue, in terms of number of methylation sites 
covered per MZ twin (colour-coded per pair) after preprocessing and this same number plotted against sequencing 
coverage. 
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Enrichment p-value = 0.2003 
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|Δβ| < 0.4 11,172 17,049,974 

Enrichment p-value = 4.785e-14 

3 
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|Δβ| < 0.4 17,928 13,763,879 

Enrichment p-value = p-value < 2.2e-16 

4 
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Enrichment p-value = NA; no sites were common between twins 

9 

|Δβ| ≥ 0.4 0 73 

|Δβ| < 0.4 1,219 349,424 

Enrichment p-value = 1 

Whole blood; αBonfer = 0.05/13 

Fig S22. Enrichment analysis in whole blood WGBS data. Relative counts for methylation sites showing differences ≥ 
0.4 and < 0.4 in the cPCDH loci or outside. Absolute counts are highlighted in red. 
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Enrichment p-value = 1 
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Enrichment p-value  = 0.0003332 
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Enrichment p-value = 2.896e-10 

4 
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5 
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Enrichment p-value = 0.09464 
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Enrichment p-value = 0.001143 
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|Δβ| ≥ 0.4 0 14 

|Δβ| < 0.4 917 123,718 

Enrichment p-value = 1 

Adipose tissue; αBonfer = 0.05/13 

Fig S23. Enrichment analysis in adipose tissue WGBS data. Relative counts for methylation sites showing differences ≥ 
0.4 and < 0.4 in the cPCDH loci or outside. Absolute counts are highlighted in red. 
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