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SUPPLEMENTARY METHODS 

DNA methylation datasets used in validation of the 

neuron/glia and brain-specific clocks 

 

To validate all clocks and to demonstrate their 

specificity, we assembled a large collection of Illumina 

DNAm datasets, encompassing sorted brain cell (6 

independent datasets) [1–6], bulk brain tissue (19 

independent datasets) [2, 7–20] and other sorted non-

brain cell-types and tissue-types. We restricted the 

assessment of the clocks to the control samples, to avoid 

potential confounding by disease. Below we provide 

details of the processing of the brain-related DNAm 

datasets used in the validation. 

 

Sorted neuron and glia datasets 

 

Pai 

The EPIC dataset from Pai et al. [1] profiled  

DNAm in human frontal cortex sorted neuron  

from controls was obtained from the NCBI GEO 

website under the accession number GSE112179 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE112179). The file “GSE112179_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 855735 probes and 100 

samples. 

 

Gasparoni 

The 450k dataset from Gasparoni et al. [2] profiled 

DNAm in human occipital cortex sorted neuron and 

gliacyte from controls was obtained from the NCBI 

GEO website under the accession number GSE66351 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE66351). The file “GSE66351_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 482176 probes and 62 

samples. 

 

Kozlenkov 

The 450k dataset from Kozlenkov et al. [3] profiled 

DNAm in human frontal cortex sorted neuron  

from controls was obtained from the NCBI GEO 

website under the accession number GSE98203 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE98203). The file “GSE98203_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 469902 probes and 88 

samples. 

 

Guintivano 

The 450k dataset from Guintivano et al. [4] profiled 

DNAm in human frontal cortex sorted neuron and 

gliacyte from controls was obtained from the NCBI 

GEO website under the accession number GSE41826 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=G

SE41826). The file “GSE41826_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 482469 probes and 58 

samples. 

 

Hannon 

The EPIC dataset from Hannon et al. [5] profiled 

DNAm in human frontal cortex sorted neuron and 

gliacyte from controls was obtained from the NCBI 

GEO website under the accession number GSE234520 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE234520). The file “GSE234520_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 812778 probes and 103 

samples. 

 

Witte 

The EPIC dataset from Witte et al. [6] profiled  

DNAm in human four different brain regions, medial 

frontal gyrus (MFG), superior temporal gyrus (STG), 

subventricular zone (SVZ) and thalamus (THA) sorted 

gliacyte from controls was obtained from the NCBI 

GEO website under the accession number GSE191200 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE191200). The file “GSE191200_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 838988 probes and 56 

samples. 

 
Brain bulk datasets 

 

Murphy 

The 450k dataset from Murphy et al. [7] profiled 

DNAm in human PFC from controls was obtained 

from the NCBI GEO website under the accession 
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number GSE88890 (https://www.ncbi.nlm.nih.gov/ 

geo/query/acc.cgi?acc=GSE88890). The files 

“GSE88890_methylatedIntensities.csv.gz”, “GSE88890_ 

unmethylatedIntensities.csv.gz”, “GSE88890_ 

detectionP.csv.gz” were downloaded and processed 

with minfi package. Probes with > 3% NAs (defined  

by P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 416054 probes and 75 

samples. 

 

Rydbirk 

The EPIC dataset from Rydbirk et al. [8] profiled DNAm 

in human PFC from controls was obtained from the NCBI 

GEO website under the accession number GSE143157 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE143157). The file “GSE143157_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by P > 

0.01) were discarded. The filtered data was subsequently 

normalized with BMIQ, resulting in a normalized data 

matrix for 831166 probes and 78 samples. 

 

Torabi 

The 450K dataset from Torabi et al. [9] profiled DNAm in 

human PFC from controls was obtained from the NCBI 

GEO website under the accession number GSE128601 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE128601). The file “GSE128601_Matrix_signal_ 

intensities_scz.txt.gz” was downloaded and processed 

with minfi package. Probes with NAs (defined by P > 

0.01) were discarded. The filtered data was subsequently 

normalized with BMIQ, resulting in a normalized data 

matrix for 478722 probes and 125 samples. 

 

Xu 

The 450K dataset from Xu et al. [10] profiled  

DNAm in human PFC from controls was  

obtained from the NCBI GEO website under the 

accession number GSE49393 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE49393). The file 

“GSE49393_signal_intensities.txt.gz” was downloaded 

and processed with minfi package. Probes with NAs 

(defined by P > 0.01) were discarded. The filtered data 

was subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 482931 probes and 48 

samples. 

 

Huynh 

The 450K dataset from Huynh et al. [11] profiled 

DNAm in human frontal lobe from controls was 

obtained from the NCBI GEO website under the 

accession number GSE40360 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE40360). The file 

“GSE40360_RAW_nonorm_nobg.txt.gz” was down-

loaded and processed with minfi package. Probes with 

NAs (defined by P > 0.01) were discarded. The filtered 

data was subsequently normalized with BMIQ, resulting 

in a normalized data matrix for 474136 probes and 46 

samples. 

 

Viana2 

The 450K dataset from Viana et al. [12] profiled  

DNAm in human hippocampus from controls was 

obtained from the NCBI GEO website under the 

accession number GSE89703 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE89703). The files 

“GSE89703_methylatedintensities_HC_LNDBB.csv.gz”, 

“GSE89703_unmethylatedintensities_HC_LNDBB.csv.

gz”, “GSE89703_detectionP_HC_LNDBB.csv.gz” were 

downloaded and processed with minfi package. Probes 

with NAs (defined by P > 0.01) were discarded. The 

filtered data was subsequently normalized with BMIQ, 

resulting in a normalized data matrix for 413242 probes 

and 27 samples. 

  

Viana3 

The 450K dataset from Viana et al. [12] profiled  

DNAm in human striatum, putamen from controls was 

obtained from the NCBI GEO website under the 

accession number GSE89705 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE89705). The files 

“GSE89705_methylatedintensities_STR_DBCBB.csv.gz”, 

“GSE89705_unmethylatedintensities_STR_DBCBB.csv.

gz”, “GSE89705_detectionP_STR_DBCBB.csv.gz” were 

downloaded and processed with minfi package. Probes 

with NAs (defined by P > 0.01) were discarded. The 

filtered data was subsequently normalized with BMIQ, 

resulting in a normalized data matrix for 413468 probes 

and 33 samples. 

 

Viana4 

The 450K dataset from Viana et al. [12] profiled  

DNAm in human striatum, putamen from controls was 

obtained from the NCBI GEO website under the 

accession number GSE89706 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE89706). The files 

“GSE89706_methylatedintensities_STR_LNDBB.csv.gz”, 

“GSE89706_unmethylatedintensities_STR_LNDBB.csv.

gz”, “GSE89706_detectionP_STR_LNDBB.csv.gz” were 

downloaded and processed with minfi package. Probes 

with NAs (defined by P > 0.01) were discarded. The 

filtered data was subsequently normalized with BMIQ, 

resulting in a normalized data matrix for 418738 probes 

and 49 samples. 

 

Markunas 

The EPIC dataset from Markunas et al. [13] profiled 

DNAm in human nucleus accumbens from controls was 

obtained from the NCBI GEO website under the 

accession number GSE147040 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE147040). The file 
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“GSE147040_matrix_intensities_for_geo.txt.gz”, was 

downloaded and processed with minfi package. Probes 

with NAs (defined by P > 0.01) were discarded. The 

filtered data was subsequently normalized with BMIQ, 

resulting in a normalized data matrix for 850934 probes 

and 221 samples. 

 

Viana1 

The 450K dataset from Viana et al. [12] profiled  

DNAm in human cerebellum from controls was  

obtained from the NCBI GEO website under the 

accession number GSE89702 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE89702). The files 

“GSE89702_methylatedintensities_CER_DBCBB.csv.gz”, 

“GSE89702_unmethylatedintensities_CER_DBCBB.csv.

gz”, “GSE89702_detectionP_CER_DBCBB.csv.gz” were 

downloaded and processed with minfi package. Probes 

with NAs (defined by P > 0.01) were discarded. The 

filtered data was subsequently normalized with BMIQ, 

resulting in a normalized data matrix for 413811 probes 

and 33 samples. 

 

Stefania1 

The EPIC dataset from Stefania et al. [14] profiled 

DNAm in human cerebellum from controls was 

obtained from the NCBI GEO website under the 

accession number GSE137222 (https://www.ncbi. 

nlm.nih.gov/geo/query/acc.cgi?acc=GSE137222). The 

files “GSE137222_methylatedIntensities_AI.csv. 

gz”, “GSE137222_unmethylatedIntensities_AI.csv.gz”, 

“GSE137222_detectionP_AI.csv.gz” were downloaded 

and processed with minfi package. Probes with NAs 

(defined by P > 0.01) were discarded. The filtered data 

was subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 794359 probes and 58 

samples. 

 

Stefania2 

The 450k dataset from Stefania et al. [14] profiled 

DNAm in human cerebellum from controls was  

obtained from the NCBI GEO website under the 

accession number GSE137223 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE137223). The  

files “GSE137223_methylatedIntensities_ED.csv. 

gz”, “GSE137223_unmethylatedIntensities_ED.csv.gz”, 

“GSE137223_detectionP_ED.csv.gz” were downloaded 

and processed with minfi package. Probes with NAs 

(defined by P > 0.01) were discarded. The filtered data 

was subsequently normalized with BMIQ, resulting in  

a normalized data matrix for 427624 probes and 33 

samples. 

 

Semick 

The 450k dataset from Semick et al. [15] profiled 

DNAm in human dorsolateral prefrontal cortex 

(DLPFC), hippocampus (HIPPO), entorhinal cortex 

(ERC), and cerebellum (CRB) from controls and AD 

cases was obtained from the NCBI GEO website under 

the accession number GSE125895 (https://www.ncbi. 

nlm.nih.gov/geo/query/acc.cgi?acc=GSE125895). The 

file “GSE125895_RAW.tar” which contains the IDAT 

files was downloaded and processed with minfi 

package. Probes with NAs (defined by P > 0.01)  

were discarded. The filtered data was subsequently 

normalized with BMIQ, resulting in a normalized data 

matrix for 437426 probes and 269 samples. 

 

Pidsley 

The 450k dataset from Pidsley et al. [16] profiled DNAm 

in human prefrontal cortex (PFC), entorhinal cortex (EC), 

superior temporal gyrus (STG) from controls and AD 

cases was obtained from the NCBI GEO website under 

the accession number GSE43414 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE43414). The file 

“GSE43414_signal_intensities.csv.gz” was downloaded 

and processed with minfi package. Probes with NAs 

(defined by P > 0.01) were discarded. The filtered data 

was subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 474819 probes and 250 

samples. 

 

Smith 

The 450k dataset from Smith et al. [17] profiled DNAm 

in human prefrontal cortex (PFC), superior temporal 

gyrus (STG) from controls and AD cases was obtained 

from the NCBI GEO website under the accession number  

GSE80970 (https://www.ncbi.nlm.nih.gov/geo/query/ 

acc.cgi?acc=GSE80970). The files “GSE80970_ 

MSACF_raw_methylated.txt.gz”, “GSE80970_ 

MSACF_raw_unmethylated.txt.gz”, “GSE80970_ 

MSACF_raw_pvals.txt.gz” were downloaded and 

processed with minfi package. Probes with NAs (defined 

by P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 400811 probes and 286 

samples. 

 

Horvath 

The 450k dataset from Horvath et al. [18] profiled 

DNAm in human frontal lobe (FL), temporal  

lobe (TL), parietal lobe (PL), motor cortex (MC), 

sensory cortex (SC), visual cortex (VC), cingulate 

gyrus (CG) from controls and AD cases was  

obtained from the NCBI GEO website under the 

accession number GSE72778 (https://www.ncbi.nlm. 

nih.gov/geo/query/acc.cgi?acc=GSE72778). The file 

“GSE72778_datSignal.csv.gz” was downloaded and 

processed with minfi package. Probes with NAs 

(defined by P > 0.01) were discarded. The filtered data 

was subsequently normalized with BMIQ, resulting in 

a normalized data matrix for 420402 probes and 300 

samples. 
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Gasparoni 

The 450k dataset from Gasparoni et al. [2] profiled 

DNAm in human frontal lobe (FL), temporal lobe (TL) 

from controls and AD cases was obtained from the NCBI 

GEO website under the accession number GSE66351 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE66351). The file “GSE66351_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by P > 

0.01) were discarded. The filtered data was subsequently 

normalized with BMIQ, resulting in a normalized data 

matrix for 474413 probes and 128 samples. 

 

Watson 

The 450k dataset from Watson et al. [19] profiled 

DNAm in superior temporal gyrus (STG) from controls 

and AD cases was obtained from the NCBI GEO 

website under the accession number GSE76105 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE76105). The file “GSE76105_Raw_Data.txt.gz” 

was downloaded and processed with minfi package. 

Probes with NAs (defined by P > 0.01) were discarded. 

The filtered data was subsequently normalized with 

BMIQ, resulting in a normalized data matrix for 479076 

probes and 68 samples. 

 

Brokaw 

The 450k dataset from Brokaw et al. [20]  

profiled DNAm in middle temporal gyrus (MTG)  

and the cerebellum (CRB) from controls and  

AD cases was obtained from the NCBI GEO  

website under the accession number GSE134379 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=

GSE134379). The file “GSE134379_RAW.tar” which 

contains the IDAT files was downloaded and processed 

with minfi package. Probes with NAs (defined by  

P > 0.01) were discarded. The filtered data was 

subsequently normalized with BMIQ, resulting in a 

normalized data matrix for 370843 probes and 808 

samples. 
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