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ABSTRACT

Alzheimer’s disease (AD) is a common neurodegenerative disorder with a significant impact on aging
populations. DNA methylation (DNAm) alterations have been implicated in both the aging processes and
the development of AD. Given that AD affects more women than men, it is also important to explore DNAm
changes that occur specifically in each sex. We created MIAMI-AD, a comprehensive knowledge base
containing manually curated summary statistics from 97 published tables in 37 studies, all of which
included at least 100 participants. MIAMI-AD enables easy browsing, querying, and downloading DNAm
associations at multiple levels — at individual CpG, gene, genomic regions, or genome-wide, in one or
multiple studies. Moreover, it also offers tools to perform integrative analyses, such as comparing DNAm
associations across different phenotypes or tissues, as well as interactive visualizations. Using several use
case examples, we demonstrated that MIAMI-AD facilitates our understanding of age-associated CpGs in
AD and the sex-specific roles of DNAm in AD. This open-access resource is freely available to the research

community, and all the underlying data can be downloaded. MIAMI-AD (https://miami-ad.org/) facilitates

integrative explorations to better understand the interplay between DNAm across aging, sex, and AD.
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BACKGROUND

Alzheimer’s disease (AD) is the most common neurodegenerative disorder, with late-onset AD
affecting approximately 1 in 9 people over the age of 65 in the US [1]. AD has become a major public
health concern and one of the most financially costly diseases [2]. Among the many risk factors for AD,
advanced aging has the strongest impact, with the percentage of people affected by AD increasing from 5%
for 65-74-year-olds, 14% in 75-84-year-olds, to 35% in those over 85 [3, 4]. Female sex is another
important risk factor for AD [5-9], with almost two-thirds of AD patients in the U.S. being women [10],

who also experience more rapid cognitive and functional decline after diagnosis [11, 12].

DNA methylation (DNAm) is an epigenetic mechanism that modifies gene expression without altering
the underlying DNA sequence [13]. Importantly, changes in DNAm have been implicated in both aging and
AD [14-22]. DNAm changes throughout the lifetime; in particular, as people age, DNAm tends to decrease
at intergenic regions but increases at many promoter-associated CpG island regions [17]. Remarkably, age-
associated DNAm changes have been observed at many loci [14-16, 23, 24]. Recently, a number of DNAm-
based epigenetic clocks have been developed as markers of biological aging. Age acceleration, the
difference between estimated epigenetic age and chronological age (and its alternative definitions) [25], has
been proposed to assess functional decline in a person during aging and to predict mortality [26].

In addition to aging, we and others have also shown that DNAm is integrally involved in AD [19, 27-
33]. Notably, two independent epigenome-wide association studies (EWAS) [19, 31] identified and
replicated a number of loci robustly associated with AD neuropathology in the brain. Furthermore, elevated
DNAm in the HOXA gene cluster was shown to be robustly associated with AD neuropathology in three
large cohorts [32]. More recently, we prioritized methylation differences that were consistently associated
with AD neuropathology in multiple EWAS cohorts using brain tissues [27]. Encouragingly, many recent
studies demonstrated that DNAm differences could also be detected in blood samples of AD subjects [34-
39]. Our analysis of two large clinical AD datasets (ADNI [40] and AIBL[41]) revealed many blood DNAm
differences consistently associated with AD diagnosis in both cohorts [30]. Moreover, our follow-up sex-
specific analysis revealed that many DNAm differences in AD are distinct in men and women [29].

However, currently, our understanding of how changes in DNAm during aging contribute to AD, as
well as how DNAm influences aging and AD in a sex-specific manner, is still very limited. As DNAm in
the blood is relatively stable and can be detected easily [42], an integrative view of DNAm across sex,
aging, and AD in both the brain and blood could not only provide new biological insights but also facilitate
the development of reliable, minimally invasive, and inexpensive biomarkers for the diagnosis and

prognosis of AD.
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Although there are existing databases that provide information on DNAm in the context of aging (e.g.,
GenAge [43]) and AD (e.g., EWAS Atlas [44] and EWAS Catalog [45]), they do not enable integrative
analyses of aging, AD, and sex. To fill this gap, we systematically collated results from recent sex-combined
and sex-specific (i.e., sex-stratified) studies in aging and AD and developed a novel integrative database of
DNAm across sex, aging, and AD, herein referred to as the MIAMI-AD database. The primary purpose of
this database is to provide researchers without prior programming background with an easily accessible
resource to search and compare CpGs, regions, and/or genes of interest and benefit from the most recent
scientific research. Detailed summary statistics and associated visualizations for both sex-combined and
sex-specific analyses of aging and AD are included so that researchers can compare the effects of DNAm
without the need to retrieve the original articles. As illustrated by the use-case examples described below
in this manuscript, the MIAMI-AD database enables new integrative analyses and biological insights into
the role of aging, sex, and DNAm in AD. Moreover, access to all associated summary-level data is freely
available to the research community, making MIAMI-AD a valuable resource for biomarker research in

aging and AD research.

CONSTRUCTION AND CONTENT

Selection of studies and datasets

We performed a comprehensive search for relevant publications using PubMed and Google Scholar, with
specific keywords “blood DNA methylation”, “Alzheimer’s disease”, “dementia”, “aging”, “sex-specific
associations”, and “sex-stratified”. To be included in MIAMI-AD, the published studies must meet three
main criteria: (1) having more than 100 total samples from human subjects; (2) conducting a genome-wide
study of more than 100k CpGs; and (3) utilizing Illumina 450k or EPIC arrays. For each of these selected
studies, we included as many CpGs as possible, even those that did not reach the statistical significance
threshold. These nonsignificant CpGs could be valuable for future meta-analyses or pathway analyses. We

included studies that utilized brain or blood DNAm data. Supplementary Table 1 contains detailed
information for all the studies included in the MIAMI-AD database.

Web interface and implementation

MIAMI-AD (https://miami-ad.org/) is a web application developed using the Shiny platform [46-48]. All

underlying data analysis and management were conducted using R statistical software (https://www.R-
project.org/). The web interface is organized into four main sections, each accessible via a tab at the top.

Additionally, a left-side panel allows users to select search parameters. For a quick start, each section
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features a guided tour built using the cicerone R package, which provides a walkthrough of the specific
options available in that section.
There are four main sections: Genome-wide Query, Gene Query, CpG Query, and Epigenetic Clock
Query. Each of these sections is further divided into three subsections, accessible via subtabs:
1. Datasets: Here, users can select the studies or epigenetic clocks they wish to examine. The other
subtabs remain hidden until a selection is made in this section.
2. Display Data: This section shows tables of summary statistics tailored to the chosen datasets and
relevant parameters from the main tabs. Users also have the option to download these tables as
Excel files.
3. Display Plots: Visual representations of the data can be found here, including Manhattan plots via
the R package miamiplot, Venn diagrams via the R package ggvenn, forest plots via the R package
meta, and genomic annotations via R package Gviz [49], annotation information from the UCSC

track hub https://genome.ucsc.edu/cgi-bin/hgHubConnect, and computed chromatin states from the

NIH Roadmap Epigenomics project [50]. The source code for MIAMI-AD can be accessed at
https://github.com/TransBiolnfoLLab/MIAMI.AD.

Data access and protection of private information

MIAMI-AD offers valuable information on summary statistics of genes, regions, and CpGs related to
DNAm differences in aging, AD, and sex. To ensure easy access to the database, we have incorporated
"Download Tables" links within each query tool, available under the "Display Data" tab (Figure 1).
Researchers can conveniently retrieve their search results using these links. Furthermore, for
comprehensive access to the summary statistics of all CpGs in each study, a "Download" tab is provided in
the main menu (Figure 1).

However, it is important to note that MIAMI-AD does not support the access or download of the
original datasets used to generate the summary statistics and figures. This includes both phenotypic and
epigenomic data. Our focus is solely on providing summary statistics and visualizations based on groups
of subjects, without any identifying information on individual study participants. This approach ensures the

protection of subjects' privacy and data confidentiality.

Technical validation of the database

To ensure the accuracy of the MAIMI-AD database, three coauthors (HH, WZ, and DOS) performed
independent verifications. They cross-checked the content of the database against the supplementary tables
from the source publications by randomly sampling a list of CpGs, genes, and DMRs in each supplementary

table/dataset.
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UTILITY AND DISCUSSION

MIAMI-AD facilitates in-depth exploration of DNA methylation in the brain and the blood at various levels:
CpGs, genes, regions, or on a genome-wide scale, specifically related to aging and AD, and across different
sexes. The database currently contains both statistically significant and nonsignificant genome-wide
summary statistics, as well as epigenetic clock information from 97 main, supplementary, and externally
referenced tables recently published in a total of 37 studies (Supplementary Table 1), with a minimum of
100 independent subjects in each study. The platform offers four distinct types of queries to meet different
user needs:

1. The Genome-wide Query tool is designed to allow users to select CpGs across all chromosomes
based on a significance threshold, making it valuable for comparing association results from one or more
studies. Figure 2 illustrates the workflow of the Genome-wide Query. First, the user can choose one or more
phenotypes of interest from options such as "Aging," "Biomarkers," "Dementia," "MCIL," or "Sex," available
in the left panel. On the right panel, under the "Dataset" tab, a table displays the studies and datasets
associated with the selected phenotypes. Here, we refer to "studies" as research publications and "datasets"
as the resulting summary statistics from these studies.

In the second step, the user can select datasets of interest by checking the boxes in the rightmost column.
Upon doing so, the "Display Data" tab presents the CpGs that meet the search criteria. It includes
annotations on location and associated genes, along with summary statistics such as the direction of the
association, test statistic values, raw P values, and multiple comparison-adjusted P values. Additionally, the
"Display Plot" tab generates visualizations, such as Venn diagrams to illustrate the numbers of overlapping
and unique CpGs across multiple studies, as well as Manhattan plots for genome-wide representation of the
data.

2. The Gene Query tool is designed to provide detailed information on DNAm differences within a
specific gene or genomic region. The interface for this tool is similar to the Genome-wide Query Tool,
except that on the left panel, the user additionally specifies the name of the gene (or region) they want to
explore and selects the desired annotation tracks such as UCSC gene, ENSEMBL genes, ENSEMBL
transcripts, chromatin states, and CpG islands (Figure 3).

Upon completing the inputs, the "Display Data" tab on the right panel presents a summary of statistics
for CpGs located within a specified range of + 2 kb around the gene of interest. This summary includes
information on the direction of association and the values of the statistical measures (e.g., odds ratio, t-
statistic, and the corresponding P values). The "Display Plot" tab generates visualizations, including a mini-

Manbhattan plot of the CpGs found within the gene, along with the selected annotation tracks such as CpG
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island, gene transcripts, and computed chromatin states. These plots offer a clear and concise way to
interpret the data and understand the relationships between DNAm and the phenotype in the gene or region
of interest.

3. The CpG Query tool offers information about specific CpGs of interest (Figure 4). To use this tool,
the user begins by inputting the desired phenotypes on the left panel and providing a list of CpGs they want
to explore. In the right panel, the user selects the relevant studies from the available "Datasets."

In the "Display Data" tab, the tool provides not only summary statistics for the selected CpGs but also
valuable annotations for each CpG. These annotations include CpG location, genes associated with the
CpG, and mQTL (methylation quantitative trait loci) information obtained from a recent large-scale meta-
analysis [51]. Additionally, the tool includes the correlation of blood DNAm with brain DNAm at the
particular CpG [52], offering insights into potential cross-tissue relationships. Furthermore, MIAMI-AD
searches among 14 recently published epigenetic clocks and identifies matches if a selected CpG is a
component of any epigenetic clock.

Under the "Display Plot" tab, the tool generates forest plots to illustrate the association of the selected
CpGs with the specified phenotypes across different datasets. This visualization aids in understanding the
relationship between DNAm at CpG sites and the various phenotypes of interest.

4. The Epigenetic Clock Query tool serves the purpose of comparing with and selecting CpGs that
have been utilized in constructing blood-based epigenetic clocks (Figure 5). This tool incorporates a total
of 14 epigenetic clocks, which include the widely described pan-tissue clock by Horvath (2013) [53], as
well as the recently developed DunedinPACE clock, which is associated with the risk of dementia onset
[54], among others. Including epigenetic clock CpGs allows researchers to perform comparative analyses
between EWAS-derived CpGs and those from epigenetic clocks, potentially revealing unique or shared
pathways in the aging process. Additionally, given the popularity and widespread use of epigenetic clocks
in aging research, their inclusion can attract a broader user base to the platform, making it a go-to resource
for epigenetic researchers.

To use the Epigenetic Clock tool, users start by choosing the specific epigenetic clocks of interest from
the "Dataset" category. Subsequently, upon navigating to the "Display Data" tab, the tool provides a list of
the CpGs that are incorporated into one or more of the selected clocks, accompanied by their respective
coefficients within each clock. Moving on to the "Display Plot" section, users can view the number of CpGs

shared across multiple clocks, as well as those unique to individual clocks, as visualized by Venn diagrams.

Case study 1: Using Genome-wide Query tool to identify DNA methylation differences in both aging
and AD

Aging and AD are intertwined, while molecular processes in aging can promote AD, AD pathology can
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also influence aging processes [55]. Although a common view is that DNAm changes that occur during
aging are accentuated in AD [56, 57], recent studies by Berger and colleagues suggested that there are also
epigenetic changes that normally occur in aging, perhaps protective, that are disrupted in AD [58, 59].
McCartney et al. (2020) performed an EWAS of chronological aging using the Generation Scotland datasets
and revealed pervasive changes in the epigenome during aging [60]. To study the role of age-associated
CpGs in AD, we compared the CpGs significantly associated with chronological age with those
significantly associated with AD using MIAMI-AD. Specifically, we compared the CpGs with a 5% false
discovery rate (FDR) from both discovery and replication analyses in McCartney et al. (2020) with those
in our recent meta-analysis of blood DNAm samples in AD [30], in which we identified 50 significant CpGs
that were consistently associated with clinical AD in the ADNI and AIBL studies (i.e., meta-analysis P
value < 107).

Using the Genome-wide Query Tool, we selected 27 CpGs that are significant in both aging and AD
studies (Figure 2). Next, we obtained Supplementary Table 2 via the “Download Tables” button under
“Display Data”, which shows that among these 27 CpGs, two-thirds (18 CpGs) had the same direction of
change in their associations with chronological age and AD, while one-third (9 CpGs) had opposite

directions of change. In the next section, we explore the role of these CpGs in aging and AD in more detail.

Case Study 2: Using the CpG Query tool to understand the roles of aging-associated CpGs in AD
One interesting example is ¢g16966520 located in the promoter of the EIF2D gene. Using the CpG
Query tool, we obtained forest plots that illustrate DNA methylation changes of cg16966520 in aging and
AD. In Figure 4, the forest plot in the lower right corner shows that this CpG is significantly
hypermethylated in aging in both the discovery and replication datasets of McCartney et al. (2020) [60].
Moreover, the forest plot on the left shows significant positive associations between DNA methylation at
cg16966520 and clinical AD in both the ADNI and AIBL datasets in our previous meta-analysis of clinical
AD [30]. Therefore, cg16966520 is an example of an age-associated CpG with an amplified effect in AD.
The EIF2D gene encodes the eukaryotic translation initiation factor 2D, which plays an important role
in protein translation [61]. Previous studies have observed reduced protein synthesis during aging,
accompanied by a decrease in ribosome abundance, attenuated activity, and decreased concentrations of
predominant initiation and elongation factors [62, 63]. The observed hypermethylation in the promoter
region of the EIF2D gene is consistent with these findings, particularly the decreased levels of protein
synthesis initiation factors. Interestingly, we also observed hypermethylation of this locus in the blood
samples of AD subjects [30], suggesting that hypermethylation at cgl16966520 became even more
prominent in AD subjects. Furthermore, the link to the Blood—Brain Comparison Database [52] under

“Annotations” in the CpG Query tool shows that blood DNAm at cg16966520 is significantly correlated
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with DNAm in the brain prefrontal cortex (r = 0.618, P value = 4.44x10”), entorhinal cortex (r = 0.511, P
value = 5.40x10°), superior temporal gyrus (r = 0.555, P value = 2.43x107), and cerebellum (r = 0.378, P
value = 1.16x107), indicating that this age-associated CpG is a potential biomarker for AD (Supplementary
Figure 1).

Another interesting CpG that overlapped between our meta-analysis of AD [30] and the aging EWAS
[60] is cg13270055, located on the CACNG?2 gene. Using the CpG Query tool, we obtained forest plots of
DNAm changes at cg13270055 in aging and AD, highlighting the divergent trends in changes. Specifically,
Supplementary Figure 2 shows that cg13270055 is significantly hypermethylated in aging in both the
discovery and replication datasets of McCartney et al. (2020). Interestingly, this CpG is also significantly
hypomethylated in AD subjects in both the AIBL and ADNI datasets.

The CACNG2 gene, which encodes a transmembrane protein that modulates neurotransmission of
glutamate receptors, plays important roles in learning, memory, and synaptic plasticity (the formation of
new synapses between neurons) [64]. Interestingly, recent studies have linked the CACNG?2 gene to stress-
coping mechanisms [65]. It has been observed that the brain expression levels of the CACNG2 gene were
increased in both monkeys and mice after they were exposed to repeated temporal stress conditions and
stress cope training sessions [64]. These results are supported by another study that found decreased
CACNG?2 gene expression levels in the prefrontal cortex of schizophrenia patients [66]. In AD, consistent
with our observed hypomethylation at the CACNG2 gene body [30], another study also noted decreased
CACNG?2 gene expression in the hippocampus of AD patients [67].

These results are consistent with the recent theory that synapse failure is an early feature of AD [68]
and that synaptic plasticity promotes cognitive reserve, the ability of the brain to maintain normal cognitive
function despite the presence of significant Alzheimer’s disease brain pathology [69, 70]. Therefore,
consistent with earlier results of Nativio et al. (2018; 2020) [58, 59], we found that some DNAm changes
(e.g., hypermethylation at ¢g13270055) in aging may also be disrupted or fail to be established in AD.
Encouragingly, the link to the Blood—Brain Comparison Database [52] under “Annotations” within the CpG
Query tool shows that blood DNAm at cg13270055 is also significantly correlated with DNAm in the brain
cortex regions, including the prefrontal cortex (r = 0.414, P value = 2.46x10™*), entorhinal cortex (r = 0.497,
P value = 1.05x107), and superior temporal gyrus (r = 0.468, P value = 2.31x107), indicating that these
CpGs are plausible biomarkers for AD (Supplementary Figure 3).

Case study 3: Understanding the sex-specific roles of DNA methylation in Alzheimer’s disease
Sex is increasingly recognized as a significant factor contributing to the biological and clinical
heterogeneity in AD [5-9]. To study the role of sex-specific DNAm in AD, we used the Genome-wide Query

tool to compare DNAm to AD associations of men vs. women in sex-stratified analyses of Silva et al. (2022)
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[29]. First, to examine whether there was any overlap between significant CpGs in the analysis of female
samples and those in male sample analysis, we selected the “SIF” and “SIM” datasets, corresponding to
female and male summary statistics datasets in Silva et al. (2022). This input did not return any CpG with
a P value < 107 in both SIF and SIM, indicating that the significant CpGs in the analysis of female samples
are distinct from those in the analysis of male samples (Supplementary Figure 4A).

To select female-specific CpGs associated with AD, we changed the significance threshold of the
Genome-wide Query tool to a P value < 10~ for the female dataset (SIF) and a P value > 0.05 for the male
(SIM) dataset (Supplementary Figure 4B). This search resulted in 21 CpGs, which can be downloaded by
selecting the “Download Tables” button below “Display Data” (Supplementary Table 3).

Next, using the CpG Query tool, we examined these sex-specific DNAm in more detail. An interesting
CpG is cg03546163 on the FKBP5 gene. In Supplementary Figure 5, the summary statistics under “Display
Data” show that this CpG is significantly hypomethylated in women in both the ADNI and AIBL cohorts
(ORapNt = 0.924, Papni = 3.02x107, ORasr = 0.896, PasL = 8.86x107) but is not significant in men. It is
worth noting that prior research has associated genetic variations in FKBP5 with major depressive disorder
[71, 72], a significant risk factor for dementia and with a higher prevalence among women [73].

Notably, our previous sex-combined meta-analysis [30] also identified cg03546163. Here, the sex-
specific analysis provided additional insight that the significant DNAm-to-AD association at cg03546163
is predominantly driven by effects in women. This example demonstrates that MIAMI-AD can be applied
to significant CpGs identified in sex-combined analysis to better understand their sex-specific roles in AD.

Similarly, we can also use MIAMI-AD to identify male-specific DNAm associated with AD by
selecting a P value < 10 for the men dataset (SIM) and a P value > 0.05 for the women dataset (SIF)
(Supplementary Figure 4C). This search returned 4 CpGs, which we downloaded using the “Download
Tables” button in Genome-wide Query (Supplementary Table 4). An interesting male-specific CpG is
cgl5757041, located in the promoter region of the C160rf89 gene. Under “Display Data”, the CpG Query
tool showed that in men, this CpG was significantly hypomethylated in AD subjects in both the ADNI and
AIBL cohorts (ORapni = 0.695, Papni = 1.94x10*; ORapr = 0.625, PasL = 5.14x107%). On the other hand,
this CpG is not significant in women. The C1607f89 gene is mainly expressed in the thyroid and is involved
in thyroid function. Our result is consistent with recent studies that linked thyroid dysfunction with AD [74,

75].

Discussion and future directions
Alzheimer's disease (AD) remains a significant public health concern as the aging population continues
to grow. Here, we introduced the MIAMI-AD database, a new resource that offers an integrated perspective

on DNA methylation in aging, sex, and AD. By collating a large number of summary statistics datasets from
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recent studies, MIAMI-AD provides a comprehensive overview of DNAm changes associated with aging,
sex, and AD in brain and blood samples, enabling researchers to explore the intricate relationships between
these factors.

The results presented in this manuscript demonstrate the utility and versatility of the MIAMI-AD
database. Through case studies, we demonstrated how researchers can leverage the database to uncover
novel insights into the roles of DNAm in aging and AD. The Genome-wide Query tool facilitates the
identification of shared and distinct DNAm patterns between aging and AD, shedding light on the complex
interplay between these processes. Moreover, the gene and CpG Query tools empower researchers to delve
into specific genomic regions of interest, allowing for detailed investigations into the functional
implications of DNAm changes.

Importantly, MIAMI-AD also recognizes the growing significance of sex-specific associations in AD
research. By including sex-stratified analyses, the database revealed distinct DNAm patterns that contribute
to the observed heterogeneity in AD between men and women. This enables new insights into sex-specific
effects and underscores the need for personalized approaches to understanding AD pathogenesis.

To the best of our knowledge, MIAMI-AD is the first comprehensive knowledgebase focused on an
integrative view of DNAm in aging, sex, and AD. There are several alternative, more general databases
dedicated to EWAS and aging. For example, both the EWAS Atlas [44] and EWAS Catalog [45] curated a
wealth of knowledge including hundreds of human traits across diverse tissues and cell lines. Additionally,
the Aging Atlas database [ 76] curates multiomics data in aging, which includes findings discovered in ChIP-
seq, RNA-seq, proteomics, and other high-throughput technologies. However, these sources do not include
DNA methylation data. In contrast, MIAMI-AD focuses on presenting and disseminating EWAS results
obtained in brain and blood samples in recent dementia research, which is particularly relevant to the
development of DNAm-based biomarkers for dementia.

MIAMI-AD incorporates a large number of high-quality associations from recent publications in aging
and dementia research. To ensure accuracy, the content of the database was independently validated against
original publications by three coauthors, HH, WZ, and DOS (Supplementary Table 5). This open-access
resource is freely available to the research community, and all the underlying data can be downloaded. In
addition, it also allows users to report any issues encountered and contribute additional published results,
which expands the AD knowledgebase and its potential impact.

MIAMI-AD offers a wealth of insights into sex, aging, and AD. Our future efforts include expanding
the scope of MIAMI-AD to connect EWAS associations with GWAS associations, along with other types
of molecular changes related to AD, such as gene expression, proteins, and metabolites in diverse tissues.

MIAMI-AD will be regularly updated to incorporate associations from the latest aging and AD literature.
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CONCLUSIONS

DNA methylation offers great promise in advancing our understanding of dementia. We expect MIAMI-
AD to be an invaluable resource that fosters collaboration and knowledge sharing among researchers. With
its user-friendly interface, open access to the research community, comprehensive datasets, and potential
for expansion, MIAMI-AD will play important roles in enabling new biological insights into the
relationship between DNAm, aging, and sex in AD. Moreover, it will help with prioritizing blood
biomarkers, which will facilitate the development of innovative diagnostic and therapeutic strategies for

this global health challenge.
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FIGURE LEGENDS

Figure 1 Users can download search results, as well as summary statistics for all the CpGs in each study.
Figure 2 Workflow of the Genome-wide Query tool.

Figure 3 Workflow of the Gene Query tool.

Figure 4 Workflow of the CpG Query tool

Figure 5 Workflow of the Epigenetic Clock Query tool.
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sic Blood DNAm associated with Alzheimer's disease Silva 2022 35982059 ADNI + AIBL OpValve  © <than 0.00001
FOR > than
MCA Blood DNAM age McCart 2020 31892350 Generation Scotland, Discovery pValue O <than 0.05
OFDR >than
MCA Blood DNAM associated with chronological age. McCartney 2020 31892350  Generation Scotland, Replication pvalue O <than 005
OFDR > than
Showing 1to 3 of 3 entries Preious Next.
Annotated CpGs  Explore Top 10 CpGs
Show 10 & entries Search:

CpG chr pos lumina dataset sample_group phenotype sex_specific statistics direction statistics_value pValue
©g06968164 chrl3 45620698 sic ADNI + AIBL AD No OR for AD (meta-analysis) 0929 964e-06
©g06968164 chr13 45629698 MCA Generation Scotland, Discovery Aging No estimate for age effect -0.002 4.13e-10
cg06968164 chr13 45620698 MCA Generation Scotland, Replication Aging No estimate for age effect -0.007 < le-256
©g00848167 chrs 89921898 LOC254559 SiIC ADNI + AIBL AD No OR for AD (meta-analysis) 0.894 1.04e-06
cg00848167 chr1s 89921898 LOC254559 MCA Generation Scotland, Discovery Aging No estimate for age effect + 0013 304e-145
©g00848167 chrs 89921898 LOC254559 MCA Generation Scotland, Replication Aging No estimate for age effect + 001 2.34e-206
©g21821767 chrl? 9769170 GLP2R sic 'ADNI + AIBL AD No OR for AD {meta-analysis) 0919 5.00e-06
€g21821767 chr1? 9769170 GLP2R MCA Genaration Scotland, Discovery Aging No ‘astimate for age effect -0.006 1.30e-51
©g21821767 chr17 9769170 GLP2R MCA Generation Scotland, Replication Aging No estimate for age effect -0.007 491e-159
cg10875957 chrG 41122461 TREML1 sic ADNI + AIBL AD No OR for AD (meta-analysis) 0899 2.78e-06

Showing 1 to 10 of 81 entries Previous . 2 3 4 5 9 Next
Genome-wide Query
Datasets  Display Data  Display Plot e
Venn Diagram Manhattan Plots
" SIC (ADNI + AIBL,
Significant CpGs ( )
KiARO146
:
é G (e cacha2
: NAT2 )
‘ i ! (Lavsz] [FRx]
(ccoez7) g GsBri

(Replication)

Figure 2 Workflow for Genome-wide Query tool.
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Figure 4 Workflow of CpG Query tool.
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Epigenetic Clock Query

Datasets Display Data Display Plot

[ Select All l ‘ Deselect All l

Show| 25 ¢ entries Search:
Epigenetic_Clock Description Author Year * PMID Select
Bocklandt_2011 Epigenetic predictor of age Bocklandt 2011 21731603 O
Hannum_2013 Genome-wide Methylation Profiles Reveal Quantitative Views of Human Aging Rates Hannum 2013 23177740
Horvath_2013 DNA methylation age of human tissues and cell types Horvath 2013 24138928
Horvath_2018 Epigenetic clock for skin and blood cells applied to Hutchinson Gilford Progeria Syndrome and ex vivo studies Horvath 2018 30048243 O

Epigenetic Clock Query

9 Datasets Display Data Display Plot @ Display Data shows the coefficients of the CpGs
in different clocks
9 Display Plot shows Venn diagrams of unique
‘ Refresh & Download Tables

Minimum number of epigenetics clocks that include the CpG

Explore Top 10 CpGs

Minimum CpG Count
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1 3
——————
1 2 3
Show 10 entries Search:

CpG chr pos positive_count negative_count total_count Hannum_2013 Horvath_2013
cg04474832 chr3 52008487 0 2 2 =71 -0.444
€g05442902 chr22 21369010 0 2 2 -22.7 -0.578
cg06493994 chré 25652602 2 0 2 9.42 1.858
cg09809672 chr1 236557682 0 2 2 -0.74 -0.391
cg19722847 chr12 30849114 0 2 2 -5.66 -0.452
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Figure 5 Workflow of Epigenetic Clock Query tool.
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Supplementary Figure 1 Blood DNA methylation at cg16966520 in the promoter region of the EIF2D
gene is significantly associated with brain DNA methylation in the prefrontal cortex (PFC), entorhinal
cortex (EC), superior temporal gyrus (STC), and cerebellum (CER). These results were obtained from
the Blood Brain DNA Methylation Comparison Tool (https://epigenetics.essex.ac.uk/bloodbrain/).
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Selected Datasets
Show 10 4 entries Search:
CpGs
Input Method Dataset Description Author Year PMID
@ Provide a list of CpGs
O Upload a file SIC Blood DNAm associated with Alzheimer's disease Silva 2022 35982059
Paste a list of comma-separated CpGs MCA Blood DNAm associated with chronological age McCartney 2020 31892350
cg13270055
Showing 1 to 2 of 2 entries Previous . Next

Example Input
Annotations

Show 10 ¢ entries Search:
Phenotype
Aging O Ml CpG chr pos lllumina Relation_to_lsland RefGene_Group mQTL Blood-Brain comparison
O Biomarkers O sex
L cg13270055 chr22 36960499 CACNG2 Body mQTL Blood-Brain
Showing 1to 1 of 1 entries Previous . Next
Individual Datasets
Show 10 % entries Search:
CpG dataset phenotype sex_specific sample_group statistics direction statistics_value pValue
cg13270055 SIC AD No ADNI + AIBL OR for AD (meta- - 0.967 1.65e-06
analysis)
cg13270055 SIC AD No AIBL OR for AD - 0.97 9.79e-04
cg13270055 SIC AD No ADNI OR for AD - 0.964 4.58e-
04
cg13270055 MCA Aging No Generation Scotland, estimate for age effect + 0.008 1.89e-20
Discovery
cg13270055 MCA Aging No Generation Scotland, estimate for age effect + 0.006 6.89e-20
Replication
Showing 1to 5 of 5 entries Previous . Next
Datasets Display Data Display Plot
Plots per row
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Supplementary Figure 2 DNA methylation at cg13270055 located on the CACNG2 gene
increases with age (Pgiscovery = 1.89 x1020, Propjication = 6.89 x10-20), but decreases in the blood
samples of Alzheimer’s subjects (Preta-analysis = 1.65x10%, Ppjg. = 9.79x10-4, Pppn = 4.58x104). The
summary statistics are shown under (A) Display Data tab, and the forest plots are shown under (B)
Display Plot tab.
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Supplementary Figure 3 Blood DNA methylation at cg13270055 located on the CACNG2 gene is
significantly associated with brain DNA methylation in the prefrontal cortex (PFC), entorhinal cortex
(EC), superior temporal gyrus (STC), and cerebellum (CER). These results were obtained from the
Blood Brain DNA Methylation Comparison Tool (https://epigenetics.essex.ac.uk/bloodbrain/).
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& Download Tables

Selected Datasets
To select a different set of CpGs

- change significance level: double click on Threshold

Show 10 & |entries Search:
Dataset Description Author Year PMID Source Metric Filter Threshold
® <
SIF Blood DNAm associated with Alzheimer's disease in females Silva 2022 AONI+aBL E;‘::“E o ::an 0.00001
s} ) > than
= . . . ® pualue ® <than
SIM Blood DNAm associated with Alzheimer's disease in males Silva 2022 ADNI + AIBL O FOR 0 »th 0.00001
D > than
Showing 1 to 2 of 2 entries Brevid . dar
Annotated CpGs Explore Top 10 CpGs
Show| 10 & | entries Search:
CpG chr pos Hlumina dataset sample_group phenctype sex_specific statistics direction statistics_value pYalue

No significant CpGs. - There are no CpGs that meet all of the threshold cutoffs. Please adjust the thresholds or the datasets selected.

Showing 0 to 0 of 0 entries Previous = Next
B. Selecting female-specific CpGs associated with AD

Datasets  Display Data  Display Plot

&, Download Tables

Selected Datasets
To select a ditferent set of CpGs

- change significance level: double ciick on Threshold

Show| 10 = | entries search:
Dataset Description Author Year PMID Source Metric Filter Threshold
SIF Blood DNAM associated with Alzheimers disease in females Silva 2022 ADNI + AIBL f ':;:“E ? : :::: 0.00001
SIM Blood DNAM associsted with Alzheimer's disease in males silva 2022 AONI+apL &Pl O <than 005
2 FDR ® > than
Annotated CpGs Explore Top 10 CpGs
Show 10 # | entries Search:
cpG chr pos lilumina dataset  samplegroup  phenotype  sex specific statistics direction statistics value  pValue
cg18020072 chr6 31500640  SNORA3GBAT2 SIF ADNI + AIBL AD Yes, females  OR for AD (meta B 1328 3.028-08
analysis)
cg18020072  chré 31500640  SNORA3GBAT2 sIM ADNI + AIBL AD Yes, males OR for AD (meta B 1.051 243201
analysis)
€g24276069 chrl 45243927 RPS8;SNORD388 SIF ADNI + AIBL AD Yes, females OR for AD (meta- + 1233 9.62e-08
analysis)
g24276068  chrl 45243027 RPSBSNORD3ZE  SIM ADNI + AJBL AD Ves, males OR for AD (meta - 0955 208201
analysis)
C. Selecting male-specific CpGs associated with AD
Genome-wide Query
Datasets Display Data Display Plot
‘ & Download Tables
Selected Datasets
To select a different set of CpGs
- change significance level: double click on Threshold
Show| 10 ¢ |entries search:
Dataset Description Author Year PMID Source Metric Filter Threshold
SIF Blood DNAm associated with Alzheimers disease in females Silva 2022 ADNI+ AL ® ‘F’;a'"e @ z :::: 005
SIM glood DNAM associated with Alzheimer's disease in males silva 2022 ADNI + AIBL @ ‘F’VH'“E . z I::: 0.00001
Annotated CpGs Explore Top 10 CpGs
Show 10 = entries Search:

PG chr pos llumina  dataset  sample.group  phenotype  sex specific statistics direction  statistics value  pValue
02672643 chrll 110790527 sIF ADNI + AIBL AD Yes, females  OR for AD (meta-analysis) - 1049 2,05e-01
02672643 chrll 110790527 SIM ADNI + AIBL AD Yes,males  OR for AD (meta-analysis) + 119 162606
€g15757041 chr16 5115938 Cieorfas SIF ADNI + AIBL AD Yes, females OR for AD (meta-analysis) + 1.058 4.70e-01
15757041 chris 5115838 Clsorfes siM ADNI + AIBL £D Ves,males  OR for AD (mets-analysis) 0677 36905
cg15281611  chrl 54040884  GLIST SIF ADNI + AIBL 4D Yes,females  OR for AD (meta-analysis) B 1058 107601
15261611  chrl 54040884  GUST SIM ADNI + AJBL AD Yes,males  OR for AD (meta-analysis) + 1181 566006
03827739 ¢hr10 75401754  MYOZ1 siE ADNI + AIBL AD Yes, females  OR for AD (meta-analysis) - 1038 3.93¢-01
€g03827739  chr10 75401754 MYOZ1 SiM ADNI + AIBL AD Yes, males OR for AD (meta-analysis) + 11989 8.03e-06

Supplementary Figure 4 Using Genome-wide Query to perform sex-specific analysis.
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Datasets  Display Data  Display Plot

&, Download Tables

Selected Datasets

Show 10 & entries Search:
Dataset Description Author Year PMID
SIF Blood DNAm associated with Alzheimer's disease in females. Silva 2022 3610977
SIM Blood DNAm associated with Alzheimer's disease in males Silva 2022 361097

Showing 1 to 2 of 2 entries Previous . Next

Annotations

Show 10 ¢ entries Search:
CpG chr pos llumina Relation_to_lsland RefGene_Group mQTL Blood-Brain comparison
€g03546163 chré 35654363 FKBPS;FKBPS5;FKBP5;FKBPS N_Shore SUTRS'UTR:S'UTR:S'UTR mQrL Blood-Brain

B Results under “Display Data” tab

Individual Datasets

Show 10 & | entries Search:

CpG dataset  * sample_group phenotype sex_specific statistics direction statistics value pValue
cg03546163 SIF ADNI + AIBL AD Yes, females OR for AD (meta-analysis) = 0911 1.23e-06
cg03546163 SIF AlBL AD Yes, females OR for AD ' 0896 8.86e-05
€g03546163 SIF ADNI AD Yes, females OR for AD = 0924 3.02e-03
cg03546163 sSiM ADNI + AIBL AD Yes, males OR for AD (meta-analysis) " 0988 5.11e-01
©g03546163 siM AIBL AD Yes, males OR for AD = 095 9.45e-02
cg03546163 SIM ADNI AD Yes, males OR for AD + 1.008 7.16e-01

C Results under the “Display Plot” tab

CpG Query

Datasets  Display Data  Display Plot

[ ]
Forest Plot

Plots per row
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Supplementary Figure 5 The CpG Query Tool can be used to explore details of DNA methylation
at female-specific CpG cg03546163 associated with AD.
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