Supplementary
Age-related DNA methylation in gene ELOVL2
The top hit cg16867657 (p=2.3×10-31) (Fig 1A and B) was located in a CpG island in the promoter of ELOVL2 (ELOVL fatty acid elongase 2), together with two other age-related CpGs (cg24724428, p=2.9×10-17 and cg21572722, p=3.9×10-22) located close to each other (<20 base pairs apart) (Fig S2C). The correlations between the three CpGs ranged from 0.5 to 0.6. Within the same island and promoter, another CpG (cg16323298) was located further away from the three CpGs, and was not associated with age. Located in the promoter but outside of the island, CpG (cg25151806) was not associated with age either. Methylation levels of the two CpGs (cg22143569 and cg05446010) in the first exon of ELOVL2 (also in the same island) were consistently low across individuals. The other 5 CpGs in the ELOVL2 gene body included on the 450k array were not associated with age, but showed higher variances in older people (Fig 1D and S3 Fig).
Hypermethylation of the ELOVL2 promoter region in aging has been reported previously, indicating the importance of this locus for the aging drift. Our EWAS results verified the strong association with age and provided a novel longitudinal perspective. Specifically, only the three CpGs closely located in the CpG island of the promoter showed hypermethylation with age. This implies that age-related hypermethylation is specific to different regions and probably tightly regulated. CpGs in the ELOVL2 gene body other than those in the first exon mostly showed higher variance of methylation in older people, implying cumulated environmental and stochastic influences on methylation. However, the two CpGs in the first exon showed stable low methylation levels, with consistent low variance over age, which may reflect the conserved regulatory properties of the DNA methylation in the first exon. An F test was performed to compare variances of ELOVL2 CpGs between <72 and >72 age groups.
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Figure S1. Manhattan plot of longitudinal results from the epigenome-wide association study of age in the SATSA cohort. The red horizon line indicates a Bonferroni threshold of p=1.3×10-7.
[image: ]
Figure S2. Longitudinal DNA methylation age-associations of ELOVL fatty acid elongase 2 (ELOVL2) in SATSA (n=385 individuals). A) Line chart for age-associated methylation of the top hit cg16867657. Each dot is one sample, and each line joins the samples of one individual. B) Regression plot of age-associated methylation of the top hit cg16867657. Lines show significant (p=2.3×10-31) hypermethylation with age using a mixed-effects model for all individuals. C) The genome locations of 12 CpGs measured in ELOVL2, zooming on the CpG island which covers the 1st exon (blue bar) and the promoter region. The green bar represents the CpG island. The figure is produced from the UCSC genome browser [18]. D) Methylation pattern of all measured CpGs (n=12) across ELOVL2. Each line represents one sample and line color represents individual age at sample collection. The three CpGs (cg16867657, cg24724428, cg21572722) in the promoter of ELOVL2 are associated with age. The two CpGs in the first exon are stable at low methylation levels across people and ages. 
[image: C:\Users\yunwan\Downloads\age_estimates_w_wo_celltype.tiff]
Figure S3 Estimated effect sizes of age of 1316 age-associated CpGs with and without adjusting cellular compositions. In general, adjusting cellular compositions or not does not affect the effect sizes of age much. Hypermethylated CpGs tend to have larger effect sizes after adjusting cellular compositions. Red points indicate CpGs significantly associated with all 10 estimated cellular compositions (p<3.8×10-5). 
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Figure S4. Density plot of cis-meQTLs in the SATSA cohort. Associations between SNP-CpGs are plotted by pair-wise distance (x-axis) and -log10 p-value of significance (y-axis).  More associations (blue) and lower p-values were detected when associated SNP-CpG pairs are closer.
[image: C:\Users\yunwan\Downloads\cpg_dif_estimate.tiff]
Figure S5. The distribution of the estimated increase of probe-wise methylation distances with age. The green line shows, in general, the intra-twin-pair distances of all CpGs tend to increase with age. The red line indicates age-associated CpGs have in average higher effect sizes of age. The blue line shows CpGs with p-values<0.05 explaining the increasing methylation distances with age between twins.
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Figure S6. Methylation variance of CpGs in ELOVL2 fatty acid elongase 2 (ELOVL2) in <72 and >72 age groups. An F-test was performed to test variance differences between groups.

Table S1.  Characteristics of the longitudinal DNA methylation samples collections in PIVUS and LBC cohorts.
	Cohort
	Longitudinal wave
	Participants
	Mean age
	Female proportion

	PIVUS
	1
	196
	70
	50%

	
	2
	194
	80
	50%

	LBC1936
	1
	906
	69.6
	49%

	
	2
	801
	72.5
	48%

	
	3
	619
	76.3
	48%

	LBC1921
	1
	436
	79.1
	60%

	
	2
	174
	86.7
	54%

	
	3
	82
	90.2
	54%



Table S2. Summary of identified age-related CpGs in this study (SATSA) and in previous studies.
	Study
	Age-related CpGs
	Analyzed in PIVUS/LBC
	Validated in PIVUS/LBC
	Study type

	SATSA
	1316
	-
	-
	Longitudinal

	PIVUS
	-
	1271
	118
	Longitudinal

	LBC
	-
	973
	594
	Longitudinal

	
	
	Analyzed in SATSA
	Validated in SATSA
	

	Florath, 2013 [8]
	162
	153
	81
	Cross-sectional

	Johansson, 2013 [7]
	137,993
	116,042
	1,192
	Cross-sectional

	Dongen, 2016 [9]
	135,775
	117,406
	873
	Cross-sectional

	Tan, 2016 [14]
	2,284
	2,087
	302
	Longitudinal

	Horvath, 2013
	353
	316
	15
	Epigenetic-clock

	Hannum, 2013
	71
	63
	33
	Epigenetic-clock


 

Table S3. Regression results of standardized methylation distances in association with age and zygosity across all CpGs, age-associated CpGs and SNP-associated CpGs.
	
	Variable
	Estimate
	SE
	t-value
	p-value

	All CpGs
	Age
	0.021
	0.006
	3.347
	9.37×10-4

	
	Zygosity
	0.499
	0.125
	4.005
	1.04×10-4

	Age-associated CpGs
	Age
	0.029
	0.006
	4.779
	2.86×10-6

	
	Zygosity
	0.697
	0.122
	5.722
	6.75×10-8

	SNP-associated CpGs
	Age
	0.015
	0.004
	4.222
	3.32×10-5

	
	Zygosity
	1.689
	0.071
	23.668
	1.46×10-65



Supplementary File 1
[bookmark: _GoBack]Longitudinal EWAS results of 1316 age-associated CpGs using a mixed effect model. Regression results of age without adjusting for estimated cellular compositions. Regression results of intra-twin-pair distance against age. The percentage of variance of cell-unadjusted methylation data explained by age and cellular compositions.
Supplementary File 2
Regression results of 123 CpGs associated with both age and SNP, showing similar age effects with/without adjusting for associated SNP.
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