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[bookmark: _11hlkao0u6qw]Figure S1. Second principal component plotted against the first principal component for the sample data DNAhm profiles using the matrix of read counts overlapping 2000 bp bins. Batches 1 and 2 appear in red and blue, respectively. The numbers indicate age in years. There was a significant difference between age groups in both PC1 scores (p=0.033) and PC2 scores (p=0.049), suggesting moderate clustering by age group. There was also a significant difference between PC2 scores by batch (p=0.028).
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Figure S2. Second principal component plotted against the first principal component for the sample RNA-seq profiles. The numbers indicate age in years. There was a significant difference between PC2 scores by age group (p=0.039).




















Figure S3. Genome browser view of 5hmC reads for each sample overlapping the most significant DhMR (chr20:43,930,0001-43,930,2000), which is in the gene TOX2. The y-axis is the scale of read pileups (number of reads) and the x-axis is the genomic location. Samples are grouped by batch and age. Because the read length of batch 1 (151 bp) is three times the read length of batch 2 (51 bp), the read pileups are approximately three times as high in batch 1.


Figure S4. Genome browser view of 5hmC reads for each sample overlapping the second most significant DhMR (chr1:204,682,001-204,684,000), which is in the gene LRRN2. The y-axis is the scale of read pileups (number of reads) and the x-axis is the genomic location. Samples are grouped by batch and age. Because the read length of batch 1 (151 bp) is three times the read length of batch 2 (51 bp), the read pileups are approximately three times as high in batch 1.

Figure S5. Genome browser view of 5hmC reads for each sample overlapping the most significant DhMR with increasing hydroxymethylation (chr7:43,586,001-43,588,000), which is in the gene STK17A. The y-axis is the scale of read pileups (number of reads) and the x-axis is the genomic location. Samples are grouped by batch and age. Because the read length of batch 1 (151 bp) is three times the read length of batch 2 (51 bp), the read pileups are approximately three times as high in batch 1. 
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[bookmark: _GoBack]Figure S6. DhMR test statistics from our study plotted against DhMRs from cerebellar brain tissue from a recently published study (GSE10712) (Cheng et al., 2018). The left panel includes all the overlapping statistics (p<1x10-15) and the right panel includes DhMRs that passed an FDR criterion of FDR<0.1 (p<1x10-13). 

[image: ][image: ]













Figure S7. DhMR test statistics from our study plotted against DhMRs from cerebellar brain tissue from the NIH NeuroBioBank tissues repositories (Kim et al., 2019). The left panel includes all the overlapping statistics and the right panel includes DhMRs that passed an FDR criterion of FDR<0.1.
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Figure S8. DhMR test statistics from our study plotted against DMR test statistics from the Grady Trauma Project (top four panels) and the TOPS family study (lower four panels). The first two columns of panels compare DMRs and DhMRs computed for 2000 bp, while the third and fourth columns compare DMRs and DhMRs computed at the gene level. The first and third columns of panels include all the overlapping statistics and the second and fourth panels include test statistics that passed an FDR criterion of FDR<0.05. There was no correlation observed between DMR and DhMR test statistics for either of the two cohorts. The panel to the right is a plot of DMR test statistics in 2000 bp bins of TOPS and GTP plotted against each other.
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Figure S9. Heatmap of log10 of normalized counts of the 6,650 124 DEGs. The numbers along the x-axis indicate ages.
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Figure S10. DESeq2 Test Statistics for age-related gene expression plotted against the Z-scores for significant age-related genes from a previous study (Peters et al., 2015).
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Figure S11. Estimated cell type proportions using DeconRNASeq for each of the 20 individuals.
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Figure S12. DESeq2 test statistics for DEGs for the model without estimated cell types as covariates against test statistics for the model with cell types as covariates.
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Figure S13. DESeq2 test statistics for DhMRs for the model without estimated cell types as covariates against test statistics for the model with cell types as covariates.
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Figure S14. FPKM scores plotted against the log normalized 5hmC reads in enhancer, exon and gene body for TBX21. Solid dots represent old and open dots represent young samples. Batch 1 samples are colored blue and batch 2 samples are colored black. The solid line is the regression line.
[image: ]
Figure S15. Histograms of T-statistics corresponding the regression of gene expression FPKM values against 5hmC in gene bodies, promoters, exonic regions and enhancers. The average T-statistic was significantly greater than 0 for all four genomic features (p<10-15).  Genes with positive correlations are highlighted in blue. Percentages in gray and blue correspond to the percent of t-statistics above and below 0, respectively.
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Figure S16. FPKM scores plotted against the log normalized 5hmC reads for PRDM5, the one gene with a significant interaction between age and 5hmC (p=4.9x10-5). Solid dots represent old and open dots represent young samples. Batch 1 samples are colored blue and batch 2 samples are colored black. The dotted line is the regression line for young and the solid line is the regression line for old.
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Figure S17. Distributions of bowtie 2 quality scores (MAPQ) from two samples, one from batch 1 (left), and the other from batch 2 (right). 


Table S1. 5hmC-capture sequencing data quality measures for each sample.
	Batch
	Age
	Total Reads
	% Duplicated
	% Uniquely mapped

	1
	73
	29156797
	16.26%
	79.07%

	1
	70
	32431351
	11.40%
	78.96%

	1
	24
	33769567
	11.40%
	80.34%

	1
	74
	29024371
	14.56%
	77.47%

	1
	27
	33814638
	17.55%
	77.98%

	1
	27
	20868983
	12.00%
	76.67%

	1
	23
	15756756
	13.36%
	74.05%

	1
	70
	45002170
	13.59%
	81.18%

	1
	24
	26246784
	13.88%
	77.00%

	1
	30
	28292783
	21.21%
	72.41%

	1
	73
	38342970
	9.22%
	72.42%

	1
	71
	31511078
	8.90%
	61.58%

	2
	30
	27478662
	12.05%
	52.57%

	2
	24
	30663767
	11.52%
	60.34%

	2
	23
	27297737
	11.04%
	60.42%

	2
	76
	36305366
	14.06%
	53.47%

	2
	69
	29001477
	11.55%
	65.72%

	2
	76
	33908987
	11.92%
	62.84%

	2
	68
	35300136
	12.31%
	51.69%

	2
	24
	30672764
	11.55%
	47.72%





Table S2. RNA-sequencing data quality measures for each sample.
	Age
	Total Reads
	% Uniquely Mapped

	23
	22,794,274
	78.67%

	23
	38,555,544
	78.84%

	24
	23,802,391
	76.45%

	24
	32,108,671
	77.74%

	24
	31,812,722
	79.69%

	24
	40,624,979
	79.06%

	27
	30,060,644
	74.16%

	27
	44,030,380
	74.90%

	30
	28,915,303
	78.38%

	30
	25,766,697
	78.92%

	68
	44,622,123
	80.21%

	69
	50,122,401
	77.45%

	70
	19,311,004
	75.97%

	70
	19,642,201
	77.93%

	71
	33,423,319
	76.27%

	73
	22,142,199
	77.27%

	73
	32,757,101
	79.50%

	74
	25,876,515
	78.33%

	76
	40,590,448
	77.36%

	76
	44,950,796
	78.62%





Table S3 is a csv file (Table S3.csv)
Genomic information for the 6,650 DhmRs. Column 1 (binIndex) is a unique index for each of the 6,650 bins, column 2 (chr) indicates the chromosome of the bin, column 3 (start) and 4 (end)  are the start and end positions of the bin according to the hg38 build of the human genome, column 5 (featureName) is the name of a genomic feature the bin overlaps, column 6 (featureType) indicates the type of overlapping feature (Gene Body, Promoter, or Enhancer), column 7 is the DESeq2 test statistic and column 8 is the corresponding p-value. DhMRs overlapping multiple genomic features have multiple rows, one for each overlapping feature.

Table S4 is a csv file (Table S4.csv)
Genomic information of the 124 DEGs including the gene name (column 1), the Ensembl name (column 2), chromosome (column 3), start (column 4) and stop position (column 5), DESeq2 test statistic (column 6), p-value (column 7), and q-value



Table S5. Observed and expected counts of DhmRs overlapping DEGs with both associated increases (+) and decreases (-) with age.  Directional consistency is greater than expected by chance. 
 ().
	
	(-) DEG
(-) DhmR
	(+) DEG
(+) DhmR
	(+) DEG
(-) DhmR
	(-) DEG
(+) DhmR

	Observed
	154
	5
	0
	1

	Expected
	71.5
	17.3
	40.7
	30.4





Table S6. Genes with a significant association between gene expression and exonic DNAhm.
	Gene Name
	Gene Ensembl Name
	T-statistic
	p-value

	SPON2
	ENSG00000159674
	8.66
	1.96E-07

	TBX21
	ENSG00000073861
	8.31
	3.36E-07

	CLUH
	ENSG00000132361
	6.82
	4.13E-06

	SLC45A4
	ENSG00000022567
	6.78
	4.45E-06

	STEAP4
	ENSG00000127954
	6.73
	4.84E-06

	SEMA4C
	ENSG00000168758
	6.67
	5.42E-06

	UBN1
	ENSG00000118900
	6.61
	6.01E-06

	HLA-C
	ENSG00000204525
	6.33
	9.94E-06

	DEF8
	ENSG00000140995
	6.20
	1.26E-05

	STK40
	ENSG00000196182
	6.20
	1.28E-05

	IGHM
	ENSG00000211899
	6.04
	1.73E-05

	DENND3
	ENSG00000105339
	5.80
	2.73E-05

	LRRC4
	ENSG00000128594
	5.70
	3.32E-05

	CTA-833B7.2
	ENSG00000183822
	5.61
	3.89E-05

	ZAP70
	ENSG00000115085
	5.57
	4.21E-05

	TBC1D16
	ENSG00000167291
	5.52
	4.66E-05




Table S7. Genes with a significant association between gene expression and gene body DNAhm. 	
	Gene Name
	Gene Ensembl Name
	T-statistic
	p-value

	GLT1D1
	ENSG00000151948
	7.24
	1.96E-06

	HLA-DRB1
	ENSG00000196126
	6.92
	3.46E-06

	ATP10A
	ENSG00000206190
	6.54
	6.87E-06

	IGHM
	ENSG00000211899
	6.46
	7.86E-06

	IGHD
	ENSG00000211898
	6.29
	1.08E-05

	TBX21
	ENSG00000073861
	6.22
	1.22E-05

	CDA
	ENSG00000158825
	5.99
	1.87E-05

	YES1
	ENSG00000176105
	5.89
	2.29E-05

	NR1D2
	ENSG00000174738
	5.84
	2.49E-05

	JAKMIP1
	ENSG00000152969
	5.76
	2.92E-05

	SNRPD1
	ENSG00000167088
	5.74
	3.06E-05

	FAM169A
	ENSG00000198780
	5.68
	3.38E-05

	PPP3CC
	ENSG00000120910
	5.60
	3.98E-05

	BTNL8
	ENSG00000113303
	5.47
	5.15E-05

	APBA2
	ENSG00000034053
	5.34
	6.59E-05

	TRPM6
	ENSG00000119121
	5.34
	6.65E-05

	CYCS
	ENSG00000172115
	5.33
	6.70E-05

	RP11-164H13.1
	ENSG00000257275
	5.31
	7.10E-05

	KIAA0125
	ENSG00000226777
	5.27
	7.62E-05

	IRF2BP2
	ENSG00000168264
	5.26
	7.75E-05

	PRDM5
	ENSG00000138738
	5.25
	7.97E-05

	GTF2H2B
	ENSG00000226259
	5.19
	9.03E-05

	UBN1
	ENSG00000118900
	5.17
	9.31E-05

	KIAA1551
	ENSG00000174718
	-5.22
	8.35E-05

	PRTN3
	ENSG00000196415
	-6.85
	3.92E-06




Table S8. Significant GO terms for each GO analysis.
	
	Decreased with age
	Increased with age

	Differential Gene Expression
	None
	1. oxygen transport

	Differential DNAhm (gene body)
	None

	1. leukocyte mediated immunity
2. neutrophil activation
3. neutrophil degranulation
4. myeloid cell activation involved in immune response
5. cell activation
6. regulated exocytosis
7. secretion

	Differential DNAhm (promoter)
	None
	None

	Differential DNAhm
(enhancer)
	1. nucleic acid metabolic process
	1. neutrophil degranulation
2. positive regulation of catalytic activity
3. amide transport
4. organic substance transport
5. immune response
6. cellular response to organic substance
7. protein modification process
8. immune system development
9. RNA splicing, via transesterification reactions
10. positive regulation of leukocyte differentiation
11. secretion by cell
12. cellular response to nitrogen compound
13. regulation of peptide transport
14. vesicle-mediated transport
15. establishment of localization
16. response to organonitrogen compound
17. peptide secretion
18. positive regulation of secretion
19. positive regulation of metabolic process

	Top 1500 genes with high DNAhm
	1. protein modification process
2. cell projection morphogenesis
3. regulation of small GTPase mediated signal transduction
4. positive regulation of cellular metabolic process
5. positive regulation of RNA biosynthetic process
6. cellular response to stimulus
7. positive regulation of catalytic activity
8. positive regulation of biosynthetic process
9. positive regulation of nitrogen compound metabolic process
10. positive regulation of GTPase activity
11. anatomical structure morphogenesis
12. phosphorus metabolic process
13. regulation of Rho protein signal transduction
14. immune system development
15. negative regulation of nucleobase-containing compound metabolic process
16. regulation of cell differentiation
17. negative regulation of RNA biosynthetic process
18. regulation of cell morphogenesis
19. regulation of nucleic acid-templated transcription
20. vascular endothelial growth factor receptor signaling pathway
21. peptidyl-serine phosphorylation
22. macromolecule localization
23. negative regulation of transcription by RNA polymerase II
24. peptidyl-amino acid modification
25. positive regulation of transcription by RNA polymerase II
26. Fc receptor signaling pathway
27. positive regulation of cell adhesion
28. immune response-regulating signaling pathway
29. negative regulation of phosphorus metabolic process
30. immune response-activating cell surface receptor signaling pathway
31. multicellular organism development
32. positive regulation of substrate adhesion-dependent cell spreading
33. cell-substrate adhesion
34. negative regulation of cellular process
35. Fc-gamma receptor signaling pathway involved in phagocytosis
36. regulation of cell shape
37. nucleobase-containing compound biosynthetic process
38. chromatin organization
39. regulation of cellular macromolecule biosynthetic process
40. positive regulation of cell death
41. positive regulation of apoptotic process
42. adherens junction assembly
43. biological regulation
44. immune effector process
45. regulation of cell junction assembly
46. positive regulation of axonogenesis
47. negative regulation of biosynthetic process
48. platelet activation
49. peptidyl-threonine phosphorylation
50. actin filament bundle assembly
51. actin cytoskeleton reorganization
52. calcium ion transmembrane transport
53. regulation of cellular response to stress
54. regulation of cation transmembrane transport
55. cellular response to organonitrogen compound
56. positive regulation of developmental process
57. positive regulation of protein modification process
58. establishment of localization
59. actin cytoskeleton organization
60. cell-substrate junction assembly
61. cell activation involved in immune response
62. phagocytosis
63. response to monoamine
64. establishment of cell polarity
65. cellular protein metabolic process
66. positive regulation of transcription, DNA-templated




Table S9. Frequency of post-QC reads with each Bowtie 2 quality score for each sample. Each row indicates a sample and each column is a quality score. The majority of reads had the maximum quality score for all samples.
	Batch
	23
	24
	25
	26
	27
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	42

	1
	0.02
	0.03
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.02
	0.03
	0.83

	1
	0.03
	0.03
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.03
	0.03
	0.82

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.03
	0.02
	0.85

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.03
	0.03
	0.83

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.03
	0.02
	0.84

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.03
	0.03
	0.84

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.01
	0.01
	0.03
	0.02
	0.83

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.01
	0.02
	0.02
	0.85

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.01
	0.01
	0.03
	0.03
	0.83

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.01
	0.01
	0.03
	0.03
	0.83

	1
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.01
	0.01
	0.01
	0.01
	0.03
	0.03
	0.82

	1
	0.04
	0.04
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.01
	0.01
	0.01
	0.01
	0.03
	0.04
	0.76

	2
	0.00
	0.01
	0.00
	0.01
	0.00
	0.11
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.04
	0.02
	0.07
	0.00
	0.71

	2
	0.00
	0.00
	0.00
	0.01
	0.00
	0.09
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.03
	0.02
	0.06
	0.00
	0.75

	2
	0.00
	0.00
	0.00
	0.01
	0.00
	0.09
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.03
	0.02
	0.06
	0.00
	0.75

	2
	0.00
	0.00
	0.00
	0.01
	0.00
	0.11
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.04
	0.02
	0.07
	0.00
	0.70

	2
	0.00
	0.00
	0.00
	0.00
	0.00
	0.07
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.03
	0.01
	0.05
	0.00
	0.79

	2
	0.00
	0.00
	0.00
	0.01
	0.00
	0.08
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.03
	0.01
	0.05
	0.00
	0.77

	2
	0.02
	0.02
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.01
	0.01
	0.03
	0.03
	0.83

	2
	0.00
	0.01
	0.00
	0.01
	0.00
	0.13
	0.00
	0.01
	0.00
	0.00
	0.02
	0.01
	0.04
	0.02
	0.08
	0.01
	0.66
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