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Abstract

Aim: We aim to assess association of DNA methylation (DNAm) at birth with total IgE trajectories from
birth to late adolescence and whether such association is ethnicity-specific.

Methods: We examined the association of total IgE trajectories from birth to late adolescence with
DNAm at birth in two independent birth cohorts, the Isle of Wight birth cohort (IOWBC) in UK (n=796;
White) and the Maternal and Infant Cohort Study (MICS) in Taiwan (n=60; Asian). Biological pathways
and methQTL for associated CpGs were studied.

Results: Two total IgE trajectories, high vs. low, were inferred from each of the two cohorts.
Associations of DNAm at 103 CpGs with IgE trajectories in IOWBC and at 476 CpGs in MICS were
identified. Between the two cohorts, of the identified CpGs, one was in common, methQTL site
cgl16711274 (mapped to gene MINAR1), and 17 pathways were common with at least four linked to
airway diseases.

Conclusion: The findings suggest at-birth epigenetics may explain ethnicity differences in total IgE

trajectories later in life.
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The study was approved by the Isle of Wight Local Research Ethics Committee (06/Q1701/34). Written
informed individual or parental consent was contained at in person visits. The Pls of the two cohorts,

Drs. Hasan Arshad (IOWBC) and Shu-Li Wang (MICS), granted the use of data for this study.

Introduction

In people with allergies, their immune system overreacts to an allergen by producing Immunoglobulin E
(IgE) antibodies. These antibodies bind to specific allergens, leading to type 1 hypersensitivity[1]. Total
IgE in blood has been used as a predictor of allergy in children[2], and is closely associated with the risk
of asthma and eczema in children[3,4] and adults[5,6]. Total IgE as a risk factor of asthma is widely
acknowledged [7,8] and studies have suggested that people who are Asian in general have lower risk of
having asthma compared to those who are White [9,10]. While IgE levels higher than the normal
threshold are usually associated with atopic disorders, raised total IgE can also result from other
conditions such as parasitic infection and some primary immunodeficiencies[11]. The worldwide
prevalence of allergic diseases continues to rise in children[12] and in adults[13]. Different factors are
associated with total IgE levels, for instance, sex[14] and prenatal exposures to phthalates[15]. DNA
methylation (DNAm), as a potential biomarker of environmental exposure, and its connection with total
IgE has been increasingly studied in recent years[16-18].

DNAm, which occurs when a methyl group attaches to cytosine-phosphate-guanine base pairs
(CpG sites) of the DNA, can regulate gene expression. Such regulatory function can consequently affect
phenotypic features. DNA methylation differences between ethnicities (and/or races[19]) has been
suggested in multiple studies, e.g., at 174 CpGs DNAm was shown to be different between Japanese
Americans and European Americans[20], and non-Hispanic Blacks have been shown to have lower global
DNAm compared to non-Hispanic Whites[21]. With respect to epigenetic studies of total IgE, most
investigations have been cross-sectional and within the same ethnicity. For instance, Zhang et al.
suggested that reactions to indoor, outdoor, and food allergens were associated with DNAm among
Whites and such association is likely to change over time[18]. In another study, DNAm at 13 CpG sites
was shown to be associated with allergic sensitization (assessed via skin prick tests) and high total IgE
levels[17]. The CpGs were first identified in a White cohort and findings were further validated in
another White (Swedish) cohort. Chen et al. also suggested a connection between DNAm and total IgE

levels in Hispanic children[16].

https://mc04.manuscriptcentral.com/fm-epi
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In contrast, limited studies have assessed the connection between DNAm and IgE using a time-
delayed study design with DNAm measured at an earlier age and IgE assessed at later ages to detect
potential epigenetic markers for IgE later in life. Peng et al. examined a multi-ethnicity cohort (including
White and Black) and, after adjusting for ethnicity, identified 19 CpG sites where DNAm in cord blood
was associated with total IgE measured at one time point during mid-childhood (age 6.7-10.2) [22]. Han
et al. examined the association of DNAm in cord blood with longitudinal IgE levels (measured at birth, 5,
8, and 11 years) in Asian children, and findings were further tested in White children where, at 16 CpGs,
the same directions of association were observed[23]. Their study focused on each subject’s total IgE at
different time points, and thus the findings were with respect to individual time points, rather than an
overall pattern of total IgE levels over time. Longitudinal patterns or trends of total IgE reflect an
individual’s overall immune responses to allergens, compared to total IgE at each individual time point.
Thus, longitudinal IgE patterns offer more systematic information with respect to risks of allergic
diseases, such as asthma[24]. Evaluating the association of DNAm in cord blood with total IgE at
different ages might have missed an opportunity to assess the potential of DNAm as a marker for
specific IgE patterns. To our knowledge, no study has investigated DNAm at birth and longitudinal IgE
patterns, especially between different ethnic groups, and such a gap motivated the present
investigation.

In this study, using data from two independent birth cohorts with one comprised of people who
are mainly White and the other with people who are Asian, we aim to examine whether DNAm at birth
was associated with total IgE trajectories inferred from birth to late adolescence, and if such association
was ethnicity-specific. Because of the focus is on total IgE trajectories, CpG sites identified under this
context are expected to carry clearer information as markers on long-term IgE features and
consequently IgE related health conditions, compared to CpGs detected based on IgE at individual time
points. Furthermore, ethnicity-specific epigenetic differences may explain ethnic disparity between
White and Asian populations with respect to the prevalence of allergic diseases such as asthma as noted

in earlier studies[9].

Methods
The Isle of Wight birth cohort

The discovery cohort was the Isle of Wight birth cohort IOWBC[25,26], a prospective population-based
study from the Isle of Wight, UK, designed to include all births on the island from January 1, 1989 to

February 28, 1990. Its aim is to study the evolution of allergic diseases from birth to adulthood. The
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Local Research Ethics Committee approved this study. Written informed individual or parental consent
was contained at in person visits. In total, 1,456 newborns were recruited to the study and followed up
atages 1, 2, 4, 10, 18, and 26 years of age. Various genetic, epigenetic, and environmental factors and
presence of allergic diseases were collected or measured at birth and subsequent follow ups[25,26]. Our
primary outcome, serum total IgE, was measured at birth in cord blood and at ages 10 and 18 years old

in peripheral blood.

DNA methylation (DNAm)

DNA was isolated from dried blood spots on Guthrie cards of 796 neonates using a method described by
Beyan et al.[27]. Five hundred nanograms of DNA was bisulfite-treated for cytosine to thymine
conversion using EZ 96-DNA methylation kits (Zymo Research, CA, USA), following the manufacturer's
standard protocol. Epigenome-scale DNAm was assessed using Illumina Infinium MethylationEPIC
BeadChips (lllumina, Inc., San Diego, CA, USA), which interrogate > 850,000 CpGs genome-wide.

CpG sites with probe-single nucleotide polymorphisms (SNPs) within ten base pairs and with
minor allele frequency (MAF) greater than 0.007 (this frequency representing about 10 subjects in
expectation in the IOWBC complete study cohort), as well as any CpG sites on sex chromosomes, were
excluded. The CPACOR pipeline was used for quality control (QC) and to quantile normalize methylation
intensities[28]. The quantile normalized intensities were then converted to beta (B) values ranged
between zero and one. Beta value is the proportion of methylated over methylated plus unmethylated
probes with a constant in the denominator to prevent from dividing by zero. These were transformed to
M-values, i.e., logit-transformed B values (log2(B /(1-B)), as B values close to 0 or 1 tend to suffer from
severe heteroscedasticity[29].

After pre-processing, DNAm at 551,710 CpGs from 796 participants was available for
subsequent analyses. Principal components (PC) analyses were applied to identify latent variables
representing unknown inter-chip variations and technical variations including batch. In total, 15 PCs

estimated from the control probes were included in subsequent analyses as adjusting factors.

Cell type compositions

Since blood is a mixture of functionally and developmentally distinct cell populations [30], there is a
need to adjust for confounding effects due to cell heterogeneity in DNAm measured in blood samples
[31]. To this end, we estimated cell type composition based on the method in Houseman et al. [32] using

the R function estimateCellCounts in the minfi package [33]. IDAT files were used to estimate the
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proportion of 7 cell types: CD4T-cells, CD8T-cells, natural killer cells (NK), monocytes, B-cells,
granulocytes, and eosinophils. Then DNAmM measured at each CpG site was adjusted by cell type
compositions and the aforementioned 15 PCs using linear regressions with DNAm as the dependent
variable and cell type proportions (with CD8T excluded to avoid collinearity)[34] and PCs as the
independent variables. The residuals from these linear models were referred as cell type-adjusted

DNAm and were used in all further analyses.

The Maternal and Infant Cohort Study

The Maternal and Infant Cohort Study (MICS) cohort from Taiwan is composed of pregnant women and
their offspring recruited to examine pre- and post-natal characteristics and their associations with
health outcomes. Data were collected on pregnant women seeking care between December 2000 and
November 2001 at a medical center in Taiwan. Those who accepted the invitation were included into
the MICS cohort. At similar ages to those in the IOWBC, serum total IgE was measured at birth in cord
blood, and at ages 11 and 17 years in peripheral blood. DNA was extracted from cord blood and
genome-wise DNAm was assessed in batches using lllumina Infinium Human Methylation 450 BeadChips
(lumina, San Diego, California, USA). DNAm data had gone through quality control and been
preprocessed with cell type composition estimated. Details were described in Kaushal et al. [35]. After
quality control and pre-processing, 385,184 CpG sites were available for further analysis. Although
DNAm in the two cohorts (IOWBC and MICS) was measured under different platforms, studies have
shown a strong agreement (correlation >0.9) between the two platform on DNAmM measurements[36].

Isle of Wight National Health Service (NHS) Trust is the sponsor of the IOWBC study and owner
of the data set. Permission has been given by the Isle of Wight NHS Trust to use the data for scientific
analysis and publications as part of the sponsor’s approval process. The owner of MICS data is Shu-Li
Wang, co-author of the present study and permission has been given for using the data in scientific
studies.

Statistical Analysis

Descriptive statistics

To ensure those subjects excluded did not incidentally introduce bias, we compared total IgE, sex, and
birth weight between the analytical sample and the entire cohort. For continuous variables (IgE and
birth weight), one-sample t-test was applied. When a variable was not normally distributed, the

Wilcoxon signed rank test was applied. For sex, we employed a one-sample proportion test.

https://mc04.manuscriptcentral.com/fm-epi
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Trajectories

To identify IgE trajectories, we used the PROC TRAJ procedure in SAS 9.4 (2016, SAS Institute Inc., Cary
NC). This procedure uses a discrete mixture model to estimate various patterns over time in subgroups,
and thus clusters of subjects based on their longitudinal patterns are formed with each cluster showing
a unique pattern. The longitudinal patterns have the flexibility to be linear, quadratics, or cubic. To
reduce the level of uncertainty, of the three time points (birth, childhood, and during adolescence),
subjects with IgE measurements missing at more than two ages were excluded. The log-10
transformation of total IgE was used for all analyses, a transformation commonly applied to IgE
measurements in data analyses. The goal is to learn the natural pattern of total IgE, and thus we did not
adjust for any covariates, such as allergic disorders and sex.

Goodness of fit statistics, such as Bayesian information criterion (BIC) or Bayes Factor, can be
used to determine the optimal number and shape of trajectories. For the IOWBC, we used BIC to help
determine the number of trajectories, combined with an effort to reach parsimonious trajectories with
lower orders. In PROC TRAJ, BIC is defined based on log-likelihood, and the larger the better. For the
MICS cohort, we inferred the trajectories with the same number of trajectories as in IOWBC, and then
examined the goodness of fit of the trajectories by comparing the BIC with lower and higher order-

trajectories.

Screening CpG sites

We focused on CpG sites available in both cohorts to ensure consistency. To exclude potentially
unimportant CpG sites, we used the R function ttScreening [37]. The technique implemented in
ttScreening is an iterative process that uses a “training” subset (2/3) of the subjects to examine the
significance of CpG sites in relation to IgE trajectories via linear regressions (with DNAm as the
dependent variable and IgE trajectories as the independent variable) and then further tests the
association of these informative sites with IgE trajectories among the “testing” (the remaining) subjects.
During this screening process, since the focus was on associations, no covariates or surrogate variables
were included in the regression models. In both training and testing steps, statistical significance level
was set at a=0.05. This process was repeated 100 times and CpG sites selected at both the training and
testing steps for more than 50% of the 100 times were deemed potentially informative and used for
subsequent analyses. The screening process was applied to both IOW and MICS cohorts. CpG sites that

passed the screening were included in subsequent analyses.
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Differentially Methylated Regions Analysis

Studies have suggested that when a methyl group bonds with a CpG site, this also increases the
likelihood of methylation in surrounding CpG sites, thus producing a methylated region [38,39]. We
explored both cohorts for any indication of such differentially methylated regions (DMR) with respect to
IgE trajectories by using the dmrff R function [40]. This approach divides the candidate regions based on
physical distances and uses epigenome-wide association studies (EWAS) summary statistics for CpG sites
in genomic regions. Inverse variance weighted meta-analysis was applied to summarize EWAS outputs
and identify the most statistically significant regions. Due to this analytical design, genomic regions and
sub-regions can be tested while controlling for false positives and not at the expense of power. For both

cohorts, CpG sites common between the cohorts were analyzed to detect DMRs.

Assessment of the association between trajectories and DNAm

In both cohorts, DMRs and individual CpGs that passed ttScreening were further analyzed using logistic
regressions to examine the association between DNAm and IgE trajectories. DNAm representing a DMR
was calculated as the average of DNAm of CpGs in the region and each DMR was included in the
analyses as one CpG unit. Specifically, IgE trajectories were the dependent variable, with the trajectory
representing low total IgE as the reference group, and the cell type adjusted DNAm was the
independent variable. Birth weight and sex of a child were included in the model as confounders. In
addition, for each CpG site, sex and DNAm interaction was also examined for sex-specific DNAm effect
on IgE trajectories. Multiple testing was controlled with false discovery rate (FDR) of 0.05 [41].

To further assess the informativity of identified CpGs in each of the two cohorts, when
appropriate, we applied permutation-based (permuting trajectory labels) analyses applied to a cohort
with a smaller sample size and subset-based (randomly selecting a subset from the complete analytical
samples) analyses applied to the cohort with a larger sample size. The sample size of each subset
matched that of the cohort with a smaller sample size to eliminate the impact from unequal sample

sizes between the two cohorts.

Biological Process and Pathway Analysis

For CpGs showing statistically significant associations with IgE trajectories, in both cohorts, we mapped
CpG sites to their respective genes and applied gene ontology testing using the gometh function in the
missMethyl R package. The enrichment analysis technique implemented in gometh accounts for uneven

distributions of CpG sites per gene present on the lllumina DNAm measurement arrays. To map CpG

https://mc04.manuscriptcentral.com/fm-epi
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sites to their respective genes, we used the Infinium Methylation EPIC Manifest File and the UCSC

Genome Browser[42].

CpG Methylation Quantitative Trait Loci (methQTL)

For CpGs showing association with IgE trajectories after adjusting for confounders, we examined
whether they are potential methQTL sites using DNAm and SNP genotyping data in IOWBC. Details of
genotyping is described elsewhere[43]. SNPs within 500K base pairs (bps) downstream and 500k bps
upstream of a CpG site (neighboring SNPs) were identified from the UCSC database (genome.ucsc.edu),
and data of the SNPs in IOWBC were extracted using Plink called into the snpStats R package[44]. Linear
regressions implemented in R function Im were applied with DNAm (in M values) at a CpG site as the
dependent variable and genotypes of a SNP as the independent variable. A site is deemed a methQTL if
at least one of its neighboring SNPs is statistically significantly associated with DNAm after adjusting for
multiple testing by controlling FDR=0.05 for each CpG site. The assessment of methQTL was not
performed in MICS due to the small sample size (n=18) with both DNAm and SNP data available. To
evaluate the strength of methQTL, R? representing percentage of variation in DNAm explained by

genotype was calculated.

Results

Cohort Descriptions

In the IOWBC, 796 subjects had DNAm at birth and at least one IgE measurement. Comparing between
the study samples and the complete cohort (n=1,536), we did not observe any statistically significant
differences in the main variables of interest (Table 1). Of these 796 subjects, gender information was
available for 708, of which 357 (50.4%) were males and 351 (49.6) were females. The overall average
birth weight was 3.42 kg (standard deviation [SD]=0.52 kg), and averaged log-10 transformed IgE values
at birth, age 10 and 18 are -0.86 (SD=0.46), 1.93 (SD=0.74), and 1.98 (SD=0.75), respectively (Table 1).

The MICS cohort consisted of 491 subjects, of which 64 subjects had total IgE data available at
one or more time points at birth and ages 11 and 17 years. Of these 64 subjects, 60 had DNAm at birth
and at least one IgE measurement and 35 (58.3%) were males (Table 2). The averaged log-10
transformed IgE values at birth, age 11, and 17 are —0.66 (SD=0.73), 1.69 (SD=0.71), and 1.99 (SD=0.52)

respectively.

https://mc04.manuscriptcentral.com/fm-epi
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Trajectory analysis
The trajectory analysis for IOWBC modeled the log-10 transformed IgE values as a function of time (at
birth, age 10 years, and age 18 years). We considered up to three groups and the trajectory of each can
be linear, quadratic, or cubic. Based on BIC values, we reached three best trajectories (Table 3).
Although among the top three identified trajectories, based on BIC, the two trajectories setting was not
the best. However, it is the most parsimonious and the corresponding BIC was not far from the second
trajectory setting.

The analysis was then repeated in MICS with the same trajectory settings concluded from
IOWBC. Because of the smaller sample size, not all settings could be estimated. For those that could be

estimated, two trajectories were identified and the first setting in Table 3 was the best in MICS with BIC

=-119.99. To be consistent between the two cohorts, two quadratic trajectories for IOWBC and for MICS

were chosen to be included in subsequent analyses, one trajectory pattern representing overall high IgE
from birth to late adolescence (denoted as “high IgE group”) and the other low IgE during this period of

time (denoted as “low IgE group”) (Figure 1).

Screening of the CpG sites and DMR
ttScreening was applied to both cohorts separately using the 256,993 CpG sites that were common

between IOWBC and MICS. DNAm residuals for each CpG site, as defined earlier, were modeled via

linear regression as the dependent variable and IgE trajectories as the independent variable with low IgE

group as the reference. For IOWBC, 103 CpG sites passed screening (Supplemental material 1) and 476
CpG sites in MICS passed screening (Supplemental material 2). Between the two cohorts, there was only
one common CpG site, cg16711274 (mapped to gene MINAR1 based on distance), that passed
screening. Another interesting observation from the screening results is in the direction of average
DNAm difference between the high IgE group and the low IgE group. For IOWBC, 54% of the CpGs
showed increased DNAm on average when comparing the high Igk group with the low IgE group, while
in MICS, the percentage is 1.7% (Figure 2).

We applied dmrff to all the 256,993 CpGs as an effort to identify more CpGs showing
associations with IgE trajectories as CpG units (DMRs). We did not identify statistically significant DMRs
after adjusting for multiple testing by controlling FDR of 0.05. Thus, CpGs included in subsequent

analyses were those that passed individual CpG site screening using the ttScreening package.

Enrichment Analysis

https://mc04.manuscriptcentral.com/fm-epi
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To examine gene ontology of the CpGs that passed screening, we utilized the R function gometh to map
the 103 CpG sites from IOWBC and the 476 CpGs from MICS to their respective genes and then
identified statistically significant GO terms for each of the two cohorts. The 103 CpGs are mapped to 86
genes (Supplemental material 3) and the 476 CpGs are mapped to 415 genes (Supplemental material 4)
based on Illumina manifest file.[45] After adjusting for multiple testing by controlling FDR=0.05, the
gene ontology enrichment tests did not identify statistically significant GO terms. The statistical
insignificance was likely due to the relatively small number of genes included in this enrichment analysis,
especially in IOWBC. We thus focused on GO terms showing statistical significance at 0.05 level without
adjusting for multiple testing. In total, 319 GO terms were identified in IOWBC and 537 in MICS
(Supplemental material 5), among which 17 GO terms were in common between the two cohorts (Table

4).

Association of IgE trajectories with CpGs that passed screening

To examine associations between IgE trajectories and the CpG sites that passed screening, we applied a
logistic regression with trajectory group as the dependent variable (the low IgE group as the reference)
and cell type-adjusted DNAm as the independent variable along with child’s sex and birth weight as
adjusting factors. All the 103 CpGs from IOWBC and 476 from MICS that passed screening remained
significant after fitting the covariates-adjusted logistic regression model for each CpG site with FDR=0.05
adjustment (Supplemental materials 6 [IOWBC] and 7 [MICS]). There was one CpG site identified in both
cohorts, cg16711274 mapped to gene MINAR1. As noted in the next section, our analyses indicated that
this is a methQTL.

In terms of regression coefficients, the same pattern as in the screening step was observed, i.e.,
the allocation of positive and negative regression coefficients is extremely different between the two
cohorts (Figure 3, with the coefficients specifically marked for cg16711274, the common CpG shared
between the two cohorts). In particular, the majority of the log-odds ratios were negative in MICS while
in IOWBC, they were roughly evenly distributed between positive and negative log-odds ratios. Our
further analyses on the interaction effects of DNAmxsex showed no sex-specific association between

DNAm and IgE trajectories.

CpGs showing association with IgE trajectories and methQTLs

In both cohorts, for CpGs showing associations with IgE trajectories, we further examined whether those

CpG sites are potential methQTL sites. With 500K up- and 500K down-stream, of the 103 CpGs in IOWBC,

https://mc04.manuscriptcentral.com/fm-epi
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43 (41.7%) were shown to be methQTL sites, and in MICS, 204 of the 476 (42.9%) are methQTL sites. The
common CpG cgl16711274 between the two cohorts is among these methQTL sites. An additional three
methQTL sites, cg24985772, cg18852692, cg04051962, in MICS shared the same SNPs with the methQTL
sites, cg16112276 and cg27000853, in IOWBC.

To assess the strength of methQTL, we calculated R? (in percentages). For each methQTL site,
when taking maximum R? across all statistically significant SNPs (at FDR=0.05), for the CpGs identified in
IOWBC, the percentages ranged from 2.14% to 84.70% with a median of 5.58% and an empirical 95%
interval (2.55%, 65.17%). For the CpGs identified in MICS, percentages ranged from 1.60% to 64.75%
with a median of 7.58% and an empirical 95% interval (2.16%, 39.26%). If based on R? across all
statistically significant SNPs at each methQTL site, then for the CpGs identified in IOWBC, the
percentages ranged from 0.60% to 84.70% with a median of 3.16% and an empirical 95% interval
(1.25%, 79.46%). For the CpGs identified in MICS, the range was 0.24% to 64.75% with a median of
3.72% and 95% empirical interval (1.28%, 24.35%).

Assessment on the informativity of detected CpGs in the two cohorts

Given the substantial difference in sample size between the two cohorts, we further examined the
findings for their informativity. In particular, we conducted two sets of analyses with one set of
permutation-based analyses in MICS focusing on the 103 CpGs identified in IOWBC and the other set of
subset-based analyses in IOWBC on the 476 CpGs detected in MICS (Supplemental material 8). In
summary, except for cg16711274 (the CpG identified in both cohorts), we further demonstrated that
CpGs identified in IOWBC did not carry informative signals in MICS with respect to their association with
IgE trajectories (Tables $S8.1-58.3 in Supplemental material 8). More importantly, DNAm at CpGs
identified in MICS is very likely not to be associated with IgE trajectories in IOWBC even if the sample

size of IOWBC was the same as that of MICS (Table S8.3).

Discussion

Motivated by the informativity of total IgE trajectories as an accumulated risk factor of allergic diseases
and the potential of epigenetics assessed at birth as biomarkers for different trajectories later in life, in
this study, we examined the connection between DNAm at birth and total IgE patterns from birth to late
adolescence in two independent birth cohorts, one mainly composed of White subjects and the other of
Asian subjects. For the CpGs showing association with IgE patterns, we further studied the biological

functionality of their mapped genes as well as their potential as methQTL sites. Two quadratic
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Page 15 of 114

357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388

Epigenomics

trajectories were identified to describe total IgE patterns with one representing high total IgE over time
and the other low IgE. To examine the association of DNAm with total IgE trajectories, we adopted a
two-step approach aiming to improve the statistical power in detecting potential epigenetic markers. In
the first step, using a screening package (ttScreening), we excluded CpGs mostly likely being non-
informative with respect to their association with IgE trajectories, and in the second step, we further
tested the association of IgE trajectories with the CpGs that passed screening, adjusting for potential
confounders such as sex. Via this two-step approach, we identified 103 CpGs in IOWBC and 476 in MICS
after correcting for multiple testing by controlling a false discovery rate of 0.05. Between the 103 CpGs
and the 476 CpGs, only one CpG site is common, cg16711274, which is a methQTL site mapped to gene
MINAR1. The gene MINAR1 has been shown to be linked to the growth of cancer cells including breast
cancer and renal cancer; for instance, it was demonstrated that MINAR1 protein negatively regulates
angiogenesis and breast cancer cell growth[46]. Notably, this gene was recently demonstrated in both
human and animal studies to be associated with respiratory disease[47,48].

The limited overlapping findings between the two cohorts might be partially due to the small
sample size in MICS, but we postulate ethnicity-specificity is more likely to be the underlying driving
factor for such a substantial discrepancy. MICS is located in Taiwan and composed of Asian participants,
while majority of IOWBC in the UK are White subjects. The ethnicity-specificity in findings could have
been due to genetic variations, cultural uniqueness or regional differences, which warrants future
investigations. Total IgE as a risk factor of asthma has been widely acknowledged [7,8] and studies have
noted that Asian populations in general have lower risk of having asthma compared to White
populations [9,10]. The epigenetic findings from our study in the two cohorts (IOWBC and MICS) seemed
to support such observations and introduce a potential to explain such differences from the angle of
epigenetics. On the other hand, genetics may also play a role in such discrepancy, although it may not be
as strong as the impact from epigenetics. This postulation is supported by our findings from methQTL
assessment. For each cohort, ~40% identified CpGs are metQTL sites, but only several sites are linked to
the same SNPs between the two cohorts.

The pattern of associations between DNAm and IgE trajectories in MICS at the identified CpGs is
different from that observed in IOWBC, in that at most MICS-identified CpGs, a higher DNAm was
associated with a lower odds of being in the high IgE group and such an uneven pattern was not
observed in IOWBC-identified CpGs where positive and negative associations were roughly evenly
allocated between the identified CpGs. Replication studies, especially large-scale studies, are certainly

needed, but the different association patterns between the two ethnicities in terms IgE trajectories and
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DNAm are likely to be a possible contributor to the uneven risks of allergic diseases, such as asthma,
between White and Asian populations. This was further supported by the findings from our subsequent
permutation-based tests and subset-based analyses. With respect to biological processes, our analyses
found that, even though the CpGs identified are quite different between the two cohorts, the genes to
which the identified CpGs are mapped are potentially enriched in certain processes common between
the two cohorts. Among the 17 biological processes common between the two cohorts, at least four
processes are involved in pathways linked to airways disease (noted in Table 4) [49-53]. In particular, the
process of phosphatidylinositol dephosphorylation removing phosphate groups from a
phosphatidylinositol, while the phosphatidylinositol 3-kinase (PI13K)—Akt pathway is important for IL-10
production in B cells as revealed by microarray analyses[49], and plays a critical role in the chronic
inflammation and the structural changes of the airways in asthma patients[50]. In addition, the pathway
involving the glycerophospholipid metabolic process was shown to be among four interconnected
pathways relevant to asthma pathogenesis[51]. Furthermore, studies have suggested that the
glycerolipid metabolic process is linked to total IgE production[52]. As for the GO terms in disagreement
between the two cohorts, the topmost (in terms of statistical significance) in IOWBC is the metabolic
process of phosphatidylinositol. Like the process of phosphatidylinositol dephosphorylation identified in
both cohorts, the phosphatidylinositol metabolic process is closely related to the PI3K—Akt pathway. In
MICS, the topmost was arginine binding and it was not shown in IOWBC. Arginine is an amino acid found
in most protein-rich foods such as fish and soy. Recently findings indicate that asthmatic responses
involve metabolism of arginine[54] and understanding arginine metabolism may contribute to the
development of novel treatment of asthmal[55]. Furthermore, a recent study supports using L-arginine
as a potential therapeutic for asthma exacerbation[56]. Ethnicity differences in arginine have been
suggested in a recent study with Latinx subjects having higher arginine compared to White subjects [57]
but no comparison between Asian and White populations has been investigated, based on our
knowledge. Sewing these different pieces of information together, including unique sets of informative
CpG sites, an uneven pattern of associations and limited biologic processes or pathways shared between
the two cohorts, we postulate underlying epigenetic mechanisms associated with IgE trajectories are
likely to be different even in these common biologic processes between these two ethnicities, White
and Asian. This postulation certainly warrantees a thorough investigation in independent cohorts.

Our study is carefully designed throughout from data preprocessing to data analyses. One
potential limitation is the small sample size of the MICS cohort, which might have resulted in findings

with large uncertainty, but we do not expect that such uncertainty would have caused the significant
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discrepancy observed in our analyses from various directions. Our further in-depth analyses based on
permutations and sub-sampling further supported the informativity of the findings related to ethnicity
specificity. Hence, we expect the findings from our study have a potential to explain ethic differences,
between White and Asian, from the epigenetics perspective in total IgE as well as in the prevalence of
asthma, although future studies in other independent cohorts are certainly warranted to validate the
findings and related ethnicity-specific epigenetic markers for IgE trajectories.

Conclusions

DNA methylation at birth is associated with IgE trajectories from birth to late adolescence and such

association is different between White and Asian populations.

Article highlights
e DNA methylation at birth is associated with IgE trajectories from birth to late adolescence.
e (CpG sites with DNAm at birth associated with IgE trajectories from birth to late adolescence are
likely to be distinct between White and Asian populations.
e Underlying epigenetic mechanisms associated with IgE trajectories are likely to be different even

in the identified biological pathways common between White and Asian populations.
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The data retrievable by their identifier using a standardized protocol, which the protocol is
open, free, universal and be authenticated. The IOWBC metadata is freely available at
https://allergyresearch.org.uk/.

The data uses a formal, accessible, shared and broadly applicable language. The data come with

a clear code book and detailed description.

Figure captions:
Figure 1. Estimated trajectories for each cohort, a) IOWBC, b) MICS

Figure 2. Volcano plots of DNAm differences in M values (Traj.DNAm Diff; X-axis) between the high and
low IgE groups and p-values in log10 scale (-Log,oP; Y-axis). Dashed lines represent 0.05 significance level
(horizontal) and zero difference (vertical), respectively.

Figure 3. Volcano plots of logistic regression coefficients (Log Odds Ratio; X-axis) and p-values in log10
scale (—LogloP; Y-axis). Dashed lines represent 0.05 significance level (horizontal) and zero log-odds ratio

(i.e., odds ratio=1, vertical), respectively.

Table captions and legends:

Table 1. IgE and clinical characteristics for IOWBC*.

*sd: standard deviation; n: sample size; # One sample t-test was performed to compare the analytical
cohort IgE measures at 10 and 18 years old to the full cohort mean. Similarly, Wilcoxon signed ranked
was performed to compare IgE at birth and birth weight of females and males, and one-sample

proportion test was performed to compare sex proportions.

Table 2. Summary statistics for variables in MICS*.
*sd: standard deviation; n: sample size; #One sample t-test was performed to compare the analytical
cohort IgE measures at 10 and 18 years old to the full cohort mean and one-sample proportion test was

performed to compare sex proportions to the full cohort proportions.
Table 3. Information on the top three trajectory settings.

Table 4: GO terms statistically significant at 0.05 level and are common between IOWBC and MICS.

Supplemental material captions:
Supplemental material 1. Screening results for IOWBC. Frequency: percentage of times to be selected as

an important CpGs.
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489

490  Supplemental material 2. Screening results for MICS. Frequency: percentage of times to be selected as
491 an important CpGs.

492

493  Supplemental material 3. Mapped genes for the CpGs that passed screening in IOWBC. Note: Blanks in
494  the column of Gene Name denote genes are intergenic.

495

496 Supplemental material 4. Mapped genes for the CpGs that passed screening in MICS. Note: Blanks in the
497 column of Gene Name denote genes are intergenic.

498

499 Supplemental material 5. Identified GO terms statistically significant at the 0.05 level. Terms common to
500 both cohorts are in bold font.

501

502  Supplemental material 6. Results from logistic regressions for IOWBC. fdr_p: p-value after controlling
503 FDR=0.05.

504

505  Supplemental material 7. Results from logistic regressions for MICS. fdr_p: p-value after controlling

506  FDR=0.05.

507

508  Supplemental material 8. Results from further assessment of the informativity of the findings.
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Table 1. IgE and clinical characteristics for OWBC*.

Analytical Non-Analytical
Full IOW Cohort
Cohort Cohort (N=740) p-value®
(N=1536)
(N=796)
IgE (Log- Mean (sd; n) Mean (sd; n) Mean (sd; n)
10) At birth -0.86 (0.47; -0.86 (0.46; 0.9397
1358) 710) -0.85 (0.47; 648)
10 years 1.91(0.74;953) 1.93 (0.74;653) 1.85(0.76; 300) 0.3921
18 years 1.96 (0.74; 456) 1.98 (0.75; 345)  1.91(0.69; 111) 0.6568
Sex N (%) N (%) N (%)
Female 594 (48.77) 351 (49.58) 243 (47.65) 0.6672
Male 624 (51.23) 357 (50.42) 267 (52.35)
Birth Mean (sd; n) Mean (sd; n) Mean (sd; n)
weight (kg) Female  3.37 (0.51;584) 3.38 (0.53; 345)  3.36(0.49; 239) 0.7847
Male 3.47 (0.52; 614) 3.45(0.51; 353) 3.5(0.54; 261) 0.3945

*sd: standard deviation; n: sample size; # One sample t-test was performed to compare the

analytical cohort IgE measures at 10 and 18 years old to the full cohort mean. Similarly,

Wilcoxon signed ranked was performed to compare IgE at birth and birth weight of females and

males, and one-sample proportion test was performed to compare sex proportions.
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Table 2. Summary statistics for variables in MICS*.

Analytical Non-Analytical
Full Taiwan
Cohort (N=491) Cohort Cohort p-value®
(N=60) (N=431)
IgE (Log- Mean (sd; n) Mean (sd; n) Mean (sd; n)
10) At birth  -0.31 (0.87; 351) -0.66 (0.73; 60) -0.24 (0.88; 291) 0.0751
11 1.85 (0.71; 149) 1.69 (0.71; 19) 0.3414
years 1.87 (0.71; 130)
17 1.88 (0.73; 116) 1.99 (0.52; 10) 0.5060
years 1.87 (0.75; 106)
Sex N (%) N (%) N (%)
Female 203 (47.99) 24 (40.68) 179 (49.18) 0.2609
Male 220 (52.01) 35 (59.32) 185 (50.82)
Birth Mean (sd; n) Mean (sd; n) Mean (sd; n)
weight (kg) Female  3.02 (0.46; 189) 3.12(0.43; 24)  3.01(0.46; 165) 0.0972
Male 3.17 (0.43; 207) 3.19 (0.35; 32)  3.16(0.45; 175) 0.9818

*sd: standard deviation; n: sample size; # One sample t-test was performed to compare the
analytical cohort IgE measures at 10 and 18 years old to the full cohort mean and one-sample

proportion test was performed to compare sex proportions to the full cohort proportions.

Table 3. Information on the top three trajectory

settings.
Trajectory # BIC Patterns of
Index trajectories each trajectory*
1 3 - 2/2/2

1637.40
2 3 - 2/1/2

1713.77
3 2 - 2/2

1738.97

*. each number represent the order of the curve with

“1” denoting linear and “2” quadratic.
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Table 4: GO terms statistically significant at 0.05 level and are common between IOWBC and

MICS. Terms in bold font denote process potentially linked to allergic diseases.

#

B

© N o O

11.
12.
13.
14.
15.
16.

17.

GO terms

phosphatidylinositol
dephosphorylation

phospholipid dephosphorylation
phospholipid metabolic process
glycerophospholipid metabolic
process

netrin receptor binding

binding

glycerolipid metabolic process
plasma membrane protein complex
ion binding

heterocyclic compound binding
cellular component organization
organic cyclic compound binding
phosphatase binding

nuclear envelope
dephosphorylation

inositol trisphosphate phosphatase
activity

anion binding

p-values (IOWBC)

1.34x10

4.73%x104
3.81x103
6.57%103

8.00%103
0.017
0.019
0.025
0.028
0.032
0.032
0.038
0.039
0.043
0.047
0.047

0.048

p-values (MICS)
0.010

0.031
0.019
0.043

0.036
0.017
0.023
7.58%103
0.035
0.017
0.041
0.010
7.39%103
0.015
0.021
0.019

7.35%103
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Supplemental material 1. Screening results for IOWBC. Frequency: percentage of
times to be selected as an important CpGs.

Frequency of Coeff Coeff Pvalue Pvalue
CpG names selection (Intercept) (Trajectory) (Intercept) (Trajectory)
cg10810799 68 -0.057138 0.1252938 0.00919161 0.0001193
cg05390712 51 -0.035909 0.07874351 0.01762065 0.0004525
cg14603539 71 0.0376818 -0.08263 0.00692883 6.67E-05
cg09641027 55 0.0296475 -0.0650121 0.01200979 0.0002065
€g20309078 56 -0.038193 0.08375022 0.01181975 0.0001999
cg09547088 65 -0.048235 0.10577126 0.00932158 0.0001228
cg05799411 64 0.0315868 -0.0692646 0.00811162  9.22E-05
cg03627891 55 0.0266177 -0.0583683 0.01392931 0.0002798
€g26442764 66 0.0401626 -0.0880701 0.00357647 1.70E-05
cg01674361 51 0.0401623 -0.0880695 0.01605953 0.0003744
€g12763546 51 -0.049926 0.10948017 0.01699357 0.0004203
€g21667796 58 -0.042644 0.09351195 0.01504187 0.0003275
€g24211400 63 -0.070772 0.15519055 0.00659588 6.03E-05
€g22123156 58 0.0167218 -0.0366683 0.01104476 0.0001739
€g14276591 51 -0.023455 0.05143203 0.00922207 0.0001201
€g27000853 50 0.0287002 -0.0629348 0.01683142 0.0004121
cg00903099 50 -0.045308 0.09935242 0.01726247 0.000434
cg13735018 62 0.0281529 -0.0617347 0.01300015 0.0002429
cg04363228 64 -0.033552 0.07357361 0.00763199  8.14E-05
cg13443165 58 -0.065441 0.14350092 0.0143891 0.0002991
€g26662969 73 0.0468592 -0.1027546 0.00321706  1.37E-05
cg01264639 60 -0.04507 0.09883194 0.01096622 0.0001714
cg03724882 67 -0.038871 0.08523858 0.00902577 0.0001149
€g21422909 54 -0.033077 0.07253263 0.01851172 0.0005005
cg18663091 62 0.0282549 -0.0619584 0.00612812  5.18E-05
cg15818800 63 0.0434602 -0.0953012 0.0094115 0.0001252
€g16149007 53 0.0315045 -0.0690842 0.01902915 0.0005295
cg05804779 50 -0.029216 0.06406697 0.01808285 0.0004771
€g13985436 73 0.0377706 -0.0828247 0.0029813 1.17E-05
cg01772743 66 0.0288308 -0.0632213 0.00954526 0.0001289
cg10262662 56 0.0226681 -0.0497075 0.01219022 0.0002129
cg02380064 50 -0.039824 0.08732822  0.018353 0.0004918
cg21947116 58 0.0238072 -0.0522054 0.00698605 6.78E-05
€g12569497 53 -0.03485 0.07642094 0.02390824 0.0008431
cg17901858 53 -0.028205 0.06184797 0.01920066 0.0005393
cg01458088 57 0.03008 -0.0659605 0.01046155 0.0001556
cg17686973 50 0.0237454 -0.0520698 0.01944549 0.0005534
€g12497224 60 -0.042498 0.09319101 0.013601 0.0002665
cg16112276 62 -0.034142 0.07486745 0.00860964 0.0001043
€g21752758 60 0.0323905 -0.0710271 0.01019899 0.0001477
cg00247963 50 -0.022644 0.04965543 0.02175036 0.0006954
cg14438363 51 0.024898 -0.0545973 0.01273932 0.000233
cg19112424 63 0.0179025 -0.0392573 0.00804487 9.07E-05
€g16604975 51 -0.026955 0.05910776 0.01823509 0.0004854
€g23498273 61 0.076789 -0.1683858 0.01101501 0.000173
€g23926670 54 -0.039078 0.08569099 0.01642788 0.0003922
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€g27197651
cg16728846
€cg21412748
€g24297451
cg18815120
cg00131618
cg02320721
cg16711274
cg13639016
€g25336267
€g21940640
€g22847494
cg06601774
cg12564285
cg01206723
€g22806372
€g27439292
cg05473871
cg14065446
cg05998339
cg01218414
€g26920327
cg07260003
cg09614210
cg09716545
cg09259772
cg14052112
cg10983099
cg01630479
cg14355622
cg02616342
cg25337705
€g23968678
€g20639400
€g26489994
cg12581241
cg12927270
cg07791578
cg11761615
cg02584760
cg08937732
€g25016907
cg14957846
€g20995030
€g22563390
CQg22747746
€g27153400
€g22900266
cg11967563
cg00015286
cg18951125

53
62
51
66
58
58
50
54
76
57
50
77
57
52
63
53
58
53
51
71
52
62
50
61
50
51
54
52
66
56
50
80
56
71
55
52
58
55
53
58
58
52
54
58
57
52
67
55
65
54
50

0.0512615
0.0250493

-0.04247
-0.051444
-0.110281
-0.050648
0.0334719
-0.032322
-0.051642
-0.022913
0.0356389
0.0556642
-0.028765
-0.042675
-0.031923
-0.032635
0.0401737
-0.032538

-0.03479
-0.038885
0.0935772
-0.037369
-0.026429
0.0235361
0.0384907
-0.035369
-0.033919
0.0411625
0.0217412
-0.033215
0.0235566
0.0766579
-0.054588
-0.056402
0.0729451
0.0192066

0.067684
-0.034032
-0.074458
0.0536998
0.0451974
-0.049797
-0.046944
0.0230571
-0.115027
-0.049196
-0.189294
-0.022624
-0.048465
0.0507628
0.0310567

Epigenomics

-0.112408
-0.054929

0.09313061
0.11280877

0.2418288

0.11106285

-0.0733984

0.07087729

0.1132433

0.05024389

-0.0781504
-0.1220625

0.06307735

0.0935783

0.07000089
0.07156321

-0.0880945

0.07135033
0.07628963
0.08526749

-0.2051995

0.08194513
0.05795441

-0.0516108
-0.0844038

0.07755853
0.07437949

-0.0902626
-0.0476749

0.07283487

-0.0516557
-0.1680984

0.11970272
0.12368134

-0.1599568
-0.042117
-0.14842

0.07462662

0.1632739
-0.1177548
-0.0991106

0.10919764
0.10294104

-0.0505605

0.25223474
0.10787799
0.41509132
0.04961087
0.10627665

-0.1113146
-0.0681022

0.01519337
0.00649007
0.01428452
0.00936015
0.01324068
0.01150029
0.01304282
0.01795202
0.00540588
0.01062044
0.01772303
0.00344888
0.01148683
0.01452338

0.0067841
0.01461348
0.01792385
0.01192953
0.01400661
0.00509153
0.01531169
0.00886121
0.01532693
0.01370821
0.02566141

0.0189322
0.00934872
0.01385751
0.00819028
0.00739986
0.01640966
0.00359373
0.02034235
0.00715452
0.01325968
0.01530584
0.01722549
0.01613417
0.01663119
0.01167292
0.00945383
0.01171538
0.01540436
0.01003372
0.01696603
0.01757117
0.01030835
0.01855528
0.00945287
0.01126049
0.01630332
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0.0003343
5.83E-05
0.0002946
0.0001238
0.0002522
0.0001889
0.0002446
0.0004701
4.00E-05
0.0001605
0.0004579
1.58E-05
0.0001885
0.0003048
6.39E-05
0.0003087
0.0004686
0.0002037
0.000283
3.53E-05
0.0003396
0.0001106
0.0003403
0.0002708
0.0009736
0.000524
0.0001235
0.0002769
9.41E-05
7.64E-05
0.0003913
1.72E-05
0.0006067
7.12E-05
0.000253
0.0003393
0.0004321
0.000378
0.0004021
0.0001948
0.0001264
0.0001963
0.0003438
0.0001428
0.0004189
0.00045
0.0001509
0.0005029
0.0001263
0.000181
0.0003861
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cg09260603
cg11025757
cg05371552
cg02523424
cg14649507
€g12798492

50
81
58
53
52
60

-0.030934
0.0847483
0.0618769

-0.062821

-0.024711
0.0444008

Epigenomics

0.06783281
-0.1858392
-0.1356861

0.13775548

0.0541875
-0.0973638

0.01566043
0.00213819
0.00996362
0.01387686
0.02080822
0.01390465
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Supplemental material 2. Screening results for MICS. Frequency: percentage of times

to be selected as an important CpGs.
Frequency of Coeff

CpG names
€g15648389
€g25017988
€g27167562
cg13581475
cg09787311
¢cg02073558
cg17017210
cg15412201
€g26104640
cg08293002
¢cg04515001
cg13486955
cg14208070
cg06811183
cg09331144
€g27323301
cg02691091
€g13660670
cg06322557
cg04208124
cg17414508
cg09821032
cg14776050
cg16070444
cg00328901
cg10430941
€g21919992
cg20309371
cg15770278
cg17457637
€g13923645
cg06692745
cg14812448
cg15847195
€g26785823
cg18517222
cg03710889
cg04172748
€g26135967
cg20165831
cg03171924
€g22489957
€g22591384
cg07857194
€g26011809
cg01874730

selection

58
54
53
50
51
73
65
69
54
52
54
64
66
50
50
54
82
57
69
51
62
51
50
64
64
66
66
53
62
54
51
51
72
62
53
60
55
55
67
61
56
56
65
62
67
54

(Intercept)
0.14537383
0.09385713
0.07938523
0.10353171
0.08106585
0.13471692
0.10994524
0.11215649
0.08664548
0.08879268
0.11555224

0.0939075
0.09389908
0.05018917
0.12620604
0.17361771
0.08164644

0.097254
0.12256511
0.11933853
0.06489971

0.0881976
0.07093955
0.07918335
0.11304798
0.09383043
0.07932569
0.07876691
0.09799828

0.1564825
0.07110328
0.10941286
0.10095638
0.07532203
0.06481692
0.18231901
0.08848866
0.09540252
0.11398643
0.08743178
0.09211063
0.11472753
0.09910093
0.11502059
0.09727492
0.09878739

Coeff
(Trajectory)

-0.35232194
-0.28544782
-0.18059831
-0.23998493
-0.19229732
-0.31144412
-0.23206892
-0.22494418
-0.17909777
-0.21339907
-0.29048258
-0.2086874
0.20545428
-0.1361106
0.31391129
0.31927212
-0.1799984
0.24904899
0.24401581
0.27863388
0.15595444
0.18826331
-0.1714283
0.31235462
0.34752482
0.23121221
0.17618065
0.17208795
0.22369269
0.38619052
0.16519619
0.27899082
0.27506271
0.19652702
0.18798232
-0.4276084
0.23622489
-0.2609381
-0.26175446
-0.20043827
-0.21112023
-0.23436673
-0.24031165
-0.26272475
-0.27062223
-0.27498568

Pvalue
(Intercept)
0.02117511
0.0676041
0.01167739
0.02409144
0.0225285

Pvalue
(Trajectory)

0.000358626
0.000419299
0.000242862
0.000786781
0.000528105

0.00317044 1.61E-05

0.00538921

0.000165185

0.00220502 8.10E-05

0.00636482
0.02670735
0.0289013

0.000285985
0.000645062
0.000452086

0.00548307 8.27E-05
0.00288593 3.34E-05

0.03000163
0.0274571
0.00383387

0.000189449
0.000458104
0.000559495

0.00084537 3.46E-06

0.02912505

0.000367499

0.00234988 9.92E-05

0.0266938

0.000890533

0.00744913 4.62E-05

0.01055276
0.01896047
0.12822062

0.065929

0.000447479
0.000294771
0.000165882
0.000340199

0.01049888 6.45E-05
0.00454083 5.93E-05

0.00562273
0.00993035
0.01938486

0.0110494
0.03166036

0.000110364
0.000170789
0.000235974
0.000165308

0.00046906

0.01387952 2.57E-05
0.01315466 4.48E-05

0.04150238
0.01065555
0.02986203
0.04377264

0.0001836
0.00013526
0.000230427
0.00044538

0.0051976 4.58E-05
0.00605056 6.27E-05

0.00963836
0.00806475
0.01334986
0.01711377

0.000152594
0.000484178
0.000135027

0.000479

0.0231255 6.79E-05

0.04023427
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cg13561807
cg23055217
cg14624145
€g26407930
€g23596567
cg13445854
cg11333459
€g25216403
€g16264722
cg02590556
cg18173263
cg15615586
cg03127898
cg02002586
€g23258940
cg15406387
€g15604997
€g27520536
cg04326023
cg17801546
€g23929317
cg15611098
€g24382712
cg20153322
€cg20595215
cg27574739
cg14181528
cg10601168
cg00578304
cg18530324
€g25664034
cg14191024
cg05122950
€g26153364
cg03292284
€g20544562
cg13214149
cg11649641
cg13521002
€g25191725
cg09084477
cg08699196
¢cg06354558
cg04894537
€g21981270
cg19733736
€g20035459
cg15034763
cg09151381
cg07448742

79
60
53
55
62
70
54
56
70
53
55
51
56
54
56
55
74
72
60
55
52
52
61
58
58
54
52
59
52
55
50
74
53
52
60
65
52
56
54
56
53
61
53
50
61
59
58
53
52
56

0.10614548
-0.1278729
0.15539118
0.05981274
0.06890014
0.07476479
0.14314558
0.08435934
0.09693834
0.10147124
0.11221877
0.11734872
0.07963739
0.07939226
0.09587126
0.16417646
0.10833379
0.13439523
0.10574766
0.10774978
0.11998811
0.06724997
0.09433609
0.08998053
0.15795922
0.07830479
0.11228056
0.10201977
0.0681067
0.09355897
0.11219134
0.07889763
0.08317691
0.11146584
0.08669746
0.06768883
0.074781
0.07691606
0.09527558
0.09681534
0.11391693
0.07361969
0.07141815
0.13374408
0.15916706
0.12230552
0.10133756
0.11667014
0.11394652
0.07675976
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-0.29433141
0.301001378

-0.3614454
-0.16685337
-0.21429856

-0.1935226
-0.33613137
-0.21019122
-0.25821352
-0.29715623
-0.24623057
-0.27241916
-0.21819981
-0.23583595
-0.20099293
-0.28683035
-0.21531633
-0.30562051
-0.23015605
-0.22882187
-0.27702161
-0.16217186
-0.21958723
-0.24759093
-0.35365672
-0.19310913
-0.24262765
-0.22961154
-0.16219681
-0.18834385
-0.23715099
-0.19529526
-0.22459868
-0.22298189
-0.17680429
-0.23855031

-0.1782174
-0.17767519
-0.26474292
-0.23773076
-0.26387148
-0.19985314
-0.18695151
-0.26412094
-0.34759705
-0.23733373
-0.26265149
-0.33751933
-0.29419996
-0.16557497

0.01446635 2.14E-05

0.01455327
0.02223898
0.04509138
0.05597989
0.01060281
0.01515584
0.02455919
0.02008952
0.05939255
0.01156401
0.01852017
0.04661695
0.05295858
0.00876595
0.00400078

0.000239864

0.00064588
0.000378917
0.000175292

3.08E-05

0.000268447
0.00035068

9.01E-05

0.000450201
0.000376122
0.000460405
0.000513143
0.000270411
0.000406273
0.001047747

0.00138309 4.57E-05
0.0028863 1.78E-05

0.0072834
0.00633774
0.02352227
0.01590442
0.00943996
0.04626526

0.0081597
0.01981913
0.01282564
0.00870662
0.01164675
0.00344554
0.01417599

0.000183497
0.000200078
0.000784771
0.000209771
0.000118388

0.00047842
0.000153704
0.000249946

0.00054291
0.000161396
0.000130859
0.000152901
0.000829137

0.00743426 2.88E-05

0.03067124
0.00632574
0.00380356
0.08794754

0.0140817
0.01620107
0.04107308
0.01478325

0.0127433

0.000212041
0.000424756
0.000149604
0.000156012
0.000190786
0.000376058
0.000310732
0.000140939
0.000227333

0.02269592 9.26E-05

0.02640424
0.00838766
0.00537444
0.00320757

0.0184041
0.04710091

0.0328446
0.00737571
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0.000220928

0.00076043
0.000102532
0.000224092
0.000108084

0.00027078
0.000439853
0.000211231



€g20212775
cg09428031
cg12477902
€g25598083
€g25343227
cg08727867
cg10883038
cg03034634
cg04866810
cg11094939
€g20211056
cg03162994
cg00043379
cg05950212
€g27318546
cg27147000
cg04333686
cg14508777
cg10194884
cg10524070
cg15551881
cg02556928
€g13591091
€g23066423
cg01291010
€g21910663
cg04120272
cg15991546
cg07696514
cg17508018
€g25332207
cg10441424
€g25558087
cg04903146
cg15617706
cg08766770
cg06518779
cg03058664
€g22177286
cg01169772
cg09433910
cg06545359
€g19526353
€g24952224
cg02219383
€g13552736
cg03539717
cg02225786
cg05287297
cg04923845

52
72
52
59
79
59
50
54
50
53
64
62
72
71
80
54
62
57
57
57
56
63
62
50
56
58
53
59
79
72
55
51
56
58
51
61
60
53
78
50
63
52
52
58
69
52
52
52
53
58

0.07861295
0.15375546
0.08984576
-0.3304411
0.07768838
0.09807653
0.067829
0.15741621
0.06531563
0.08775242
0.1254649
0.14271205
0.12487602
0.10720183
0.13684984
0.09827909
0.07995485
0.07200304
0.1141359
0.09309105
0.13389235
0.08461728
0.10540173
0.10472626
0.08881999
0.10388208
0.15572439
0.12164655
0.07699633
0.12681891
0.0728311
0.11154737
0.07343802
0.08465022
0.07454398
0.0628619
0.10551898
0.160405
0.1635526
0.12611189
0.08288488
-0.0688709
0.13716298
0.13290671
0.10542954
0.09863986
0.08090393
0.07195723
0.12200715
0.11560501

Epigenomics

-0.19858273
-0.40636511
-0.23962512
0.671461841
-0.22245477
-0.27517192
-0.17144388

-0.3099948

-0.1768358
-0.24944299
-0.27383947
-0.30301434
-0.31989679

-0.2257514
-0.28333871
-0.23472605
-0.24158564
-0.21147434
-0.19757143
-0.23725229
-0.22150195

-0.2082666
-0.20548918
-0.28975189
-0.20995552
-0.27402396
-0.36140391
-0.37193555
-0.18521282
-0.28802515
-0.16693021
-0.26704676
-0.15836313
-0.20336664
-0.18380759
-0.19346933
-0.26813638
-0.38029711
-0.34487135
-0.25094146
-0.22505141
0.224750991
-0.25634372
-0.34565288
-0.30810746
-0.27893382
-0.18485805
-0.16443616
-0.26674991
-0.27319716

0.02526566

0.000314819

0.00913115 1.55E-05

0.04273768
0.00552551
0.01057455
0.05086814

0.0230178
0.00350966
0.03300544
0.03730848
0.00775252
0.00729784
0.01004176
0.00123162
0.00180048
0.01553351
0.05364904
0.03868963
0.00096954
0.02701846
0.00138771
0.01196059
0.00143165
0.04984674
0.01028712
0.02772117
0.02174065
0.06587262
0.00345323
0.00575362
0.01375271
0.02918657

0.0091557
0.01021038
0.01967119
0.04084292
0.02489563
0.01771568
0.00218621
0.00472759
0.01993583
0.08861087
0.00300683
0.03237607
0.04773051
0.04830419
0.01574074
0.01074269
0.01372084
0.00880591
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0.000564794
0.000283176

5.40E-06

0.000487815
0.000253256
0.000211175

0.00024632
0.000178861
0.000197343
0.000254706

3.22E-05
1.49E-05
3.64E-05

0.000226651
0.000225575
0.000126684
0.000203071
0.000328104
0.000545298

8.67E-05
6.44E-05

0.000544946
0.000113041
0.000224623
0.000633732
0.000362847

9.58E-06
6.56E-05

0.000301717
0.00081097
0.000308837

8.84E-05

0.000246393

7.62E-05

0.000282494
0.000325649

3.74E-05

0.000289953

6.68E-05

0.000429769
0.000330223
0.000389404
0.000246855
0.000385923
0.000406369
0.000195402
0.000533435

8.31E-05
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€g20274009
cg17356733
cg07744328
cg17820299
cg16928657
cg14012546
cg12087471
¢cg09466312
cg20788021
cg18025831
cg07301969
cg16007619
€g09223975
€g20485042
cg16700025
€g24985772
cg17526770
cg05329317
cg12059012
€g24773720
cg10368128
€g26883712
cg19063564
cg17826006
cg03749507
cg01293485
€cg19552044
cg03666203
cg14423485
cg00098239
cg03848588
€g21849552
cg00002224
cg15380358
cg07769790
cg08940669
cg13876809
cg20834178
cg17818731
cg08708402
cg08312191
cg08628565
€g23519812
cg15497724
cg14298780
cg05315417
cg09440989
€g23262361
¢cg05005385
€g26118446

61
60
53
57
55
60
54
57
78
65
57
50
50
51
53
64
52
52
57
70
50
50
65
55
73
61
54
72
53
53
53
52
50
51
61
50
64
62
89
60
63
57
63
54
62
70
69
53
56
66

0.075084
0.07238232
0.10679523
0.11733083
0.09030172
0.08158639
0.08449547
0.07465374
0.09537758
0.13005273
0.10189786
0.13903951
0.07382015
0.12191799
0.19230875
0.14456295
0.07298104
0.06181739
0.07800723

0.1169784
0.16349094
0.14234606
0.09790669
0.06496076
0.10638103
0.10105934

0.095752
0.09769575
0.10983947
0.11052626

0.0543615
0.07289221
0.10671421
0.07427263
0.14734659
0.10655031
0.09175656
0.09672103
0.14340087
0.11778434
0.11121902
0.09622208

0.0823765
0.13912954
0.09540015

0.0968201
0.08281264
0.09041386
0.20024699
0.11149632

Epigenomics

-0.15812418
-0.18184455
-0.23311112
-0.34102722
-0.23559413
-0.18947559
-0.17914738
-0.20319377
-0.20714861
-0.28344695
-0.22393635
-0.26367148
-0.16320835
-0.32068286
-0.61931034
-0.3049325
-0.18809032
-0.14757083
-0.25171743
-0.27692746
-0.34964398
-0.31082837
-0.23611863
-0.16082959
-0.27504657
-0.25188245
-0.29022791
-0.26785839
-0.24607421
-0.23885777
-0.15069084
-0.15942594
-0.25707968
-0.18713216
-0.28949104
-0.25391913
-0.2586248
-0.27771826
-0.29885
-0.31536187
-0.27952078
-0.26379125
-0.26211916
-0.30804364
-0.24665104
-0.22412997
-0.20448977
-0.25855948
-0.43451825
-0.29119384

0.00496066
0.02304324
0.01200736
0.05886152
0.03899791
0.01572763
0.00652519
0.04443289

0.000148361
0.000274436
0.000428651
0.000479995
0.000583852
0.000332099
0.000214728

0.00049057

0.00153845 1.27E-05
0.00299897 3.80E-05

0.01022433
0.00497536
0.01527456
0.04122585
0.09754385
0.00494244
0.0256721
0.01817042
0.075133

0.000295689
0.000560977
0.000568265
0.000607321
0.000695529
0.000144251
0.000253088
0.000314703
0.000282196

0.00784147 6.43E-05

0.01398458
0.01757927
0.01456624
0.01553989

0.000711111
0.000843099
0.000174523
0.000140118

0.01521029 7.20E-05

0.01571605
0.06601056

0.000130916
0.000406181

0.01814502 4.55E-05

0.01066163
0.01090992
0.03132089
0.00856567
0.02777998
0.03241756
0.00388116
0.02610344
0.03328644
0.03521621

0.000249704
0.000408399
0.000157565
0.000229186
0.000681854
0.000569991
0.000253077
0.000677427
0.000147438
0.000133143

0.0002539 1.44E-06

0.02455491
0.02358299
0.04398642
0.07707017
0.01396371
0.02014926
0.00309662
0.01058781

0.0590658
0.01242467

0.000136829
0.000287589
0.000438604

0.00036592
0.000474393
0.000138136

1.51E-05
6.37E-05

0.00058646
0.000488831

0.01599869 6.98E-05
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cg11819402
cg15249796
cg15132710
€g24213437
cg08090396
€g23933618
€g21310336
cg14007706
cg15975598
€g20979296
cg01876338
cg10601972
€g24730915
€g25604994
cg01718065
€g22963133
€g12538880
cg08204027
€g25021695
cg06998765
€g26335760
cg04643920
€g26393534
cg00168118
cg09886558
¢cg06046574
cg02331348
€g23635883
€g19956292
cg02889664
€g25983544
cg08523343
cg06005892
€g26412358
cg13930557
€g21340148
cg03803071
cg04931383
cg05767561
cg15030465
€g24687281
cg08073153
cg19889066
cg05147735
cg00049595
€g26483802
€g22825191
cg14975238
¢g03096286
cg06827256

56
57
82
55
62
81
80
51
75
60
65
83
71
56
55
69
52
66
54
62
66
61
53
65
54
63
54
58
50
52
68
55
70
66
64
67
51
75
56
53
61
50
61
52
56
51
69
53
58
59

0.08603784
0.12908367
0.10448923
0.08983663
0.12541586
0.12804587
0.15561047
0.08470844
0.07647956
0.10878642
0.17631686
0.11049221
0.0800836
0.10665859
0.17649432
0.10228633
0.0957457
0.15514685
0.06900164
0.07918777
0.07495426
0.08755617
0.1168857
0.10679914
0.08424816
0.15468722
0.06876405
0.0930703
0.07395485
0.10860272
0.152204
0.076032
0.13235841
0.11983472
0.09795562
0.10368337
-0.1819724
0.11053335
0.08187486
0.14245143
0.08967436
0.05698537
0.07403616
0.08314309
0.15984271
0.09241779
0.11476462
0.0693163
0.06546934
0.079624

Epigenomics

-0.1823351
-0.26166746

-0.2794532
-0.21029914
-0.27902163
-0.34966232
-0.39159686
-0.17800055
-0.17417113
-0.27183561
-0.44921476
-0.29161684
-0.25978846
-0.27323416
-0.37304385
-0.25730108
-0.20601352

-0.3048666
-0.15858506
-0.22320355
-0.19067749
-0.19486643

-0.2775275
-0.20899444
-0.16538786
-0.32937185
-0.18243134
-0.26806488
-0.16630889
-0.24158976
-0.31178496
-0.19775414

-0.2854907
-0.28625548
-0.21272413
-0.31817861
0.380157162
-0.28255468
-0.22649487
-0.32361412
-0.21030213

-0.1823052
-0.23750967
-0.22373744
-0.35414607
-0.18658056
-0.21589126
-0.15049131
-0.14599913
-0.17351494

0.00708827
0.00602202

0.000248427
0.000334386

0.00816813 9.68E-06

0.01402588
0.00862132

0.000239412
0.000185179

0.01222083 1.80E-05
0.00796734 2.56E-05

0.0102758

0.000515477

0.00235158 1.19E-05

0.02252195
0.01706814
0.00926479
0.04172852
0.03141442
0.00714028
0.01171561
0.01023495
0.00219515
0.0138385
0.03863383
0.00837958
0.00900233
0.01658565
0.00170253
0.00382791
0.00557253
0.02334403
0.05301825
0.01041119
0.0111106
0.00225448
0.02795592
0.00432631
0.01464324
0.005462
0.04248247
0.00890057
0.00521543
0.03554156
0.01385351
0.00868462
0.09141176
0.06146728
0.03478076
0.01152685
0.00319776

0.000279325
0.000115784

1.64E-05
3.67E-05

0.000435749
0.000260239

6.01E-05

0.000385307
0.000107884
0.000295018
0.000219841

2.40E-05

0.000199383
0.00027954

7.86E-05

0.000250503
0.000155248
0.000137247
0.000398672

0.00022751
0.000294845

6.13E-05

0.000274873

8.40E-05

0.000200382
0.000114192

8.97E-05

0.000434901

7.73E-06

0.000225154
0.000341912

9.04E-05

0.000603604
0.000156054
0.000303592
0.000331671
0.000130905

0.0011711 8.19E-05
0.0045145 8.22E-05

0.00641114

0.00010444

0.00493088 9.09E-05
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cg15532667
cg01430172
cg08873673
€g26353468
€g21549285
cg00498211
cg02997983
€g22710219
cg00347862
€g12699080
cg07317062
€g26362766
cg18810310
cg06981279
€g23184503
cg14172412
cg16711274
cg13316977
€g27264894
cg04942547
cg07342647
cg09337208
€g12905571
cg04180177
cg09480647
€g15862358
cg10313633
€g23045404
cg06283493
€g26663590
cg17752684
cg06462666
cg19477346
€g26679883
cg09601923
cg02913553
cg02546749
cg15576058
cg04719420
cg01281718
cg00890874
cg07915343
cg02728172
cg01991625
€g13739942
cg14172849
cg09936895
cg07148744
€g26703066
cg03870261

59
50
58
55
51
51
63
60
76
52
54
79
59
59
53
65
63
51
52
60
73
60
50
57
51
53
65
58
53
63
56
50
76
50
55
55
51
51
56
59
53
73
53
52
56
50
62
63
69
53

0.0797445
0.08323641
0.08143366
0.11039363
0.08846881
0.12918852
0.15548859
0.11442362
0.09011844

0.1119519
0.17231686

0.0932479
0.11558638
0.14784309
0.06454536
0.08385548
0.09741788
0.11060434
0.07796188
0.11142825
0.11595107

0.106391
0.09528557
0.10714408
0.06977143
0.12456653

0.0861665
0.10823818
0.13538601
0.11426533
0.08900358
0.10854615
0.22003332
0.08230239
0.06345877
0.08301314
0.06018454
0.07579444
0.10816426
0.09495494
0.07421369
0.12555615
0.06351483
0.09789617
0.06878427
0.09739756
0.12258174
0.09341864
0.06703155
0.13472981

Epigenomics

-0.18221329
-0.27902942
-0.15950458
-0.29664956
-0.26293398
-0.26313755
-0.34645869
-0.30868788
-0.23802097

-0.2296019
-0.47043555
-0.29042626
-0.23855444
-0.34458305
-0.14009168
-0.24772155

-0.2271877
-0.22598517
-0.19941549
-0.21459375
-0.26311789
-0.26991601
-0.19271114
-0.27152221
-0.15314864
-0.26500221
-0.18865411
-0.24932719
-0.33137477
-0.27993277
-0.21692561
-0.28457291
-0.56214425
-0.17040655

-0.1966862
-0.17691306
-0.15597589
-0.21105152
-0.26011478
-0.20510823
-0.16576286
-0.29741979
-0.16939054
-0.21388958

-0.1708117
-0.19662332
-0.29137051
-0.25935557
-0.17036834
-0.28455838

0.0097134

0.1179145
0.00320406
0.03909987
0.07078989

0.0057182
0.00796987
0.03422671
0.00632426
0.00761555
0.03913678

0.0283883
0.00372591
0.01599959
0.00441312
0.03247321
0.01279575
0.00580703
0.03004634
0.00276644
0.00732983
0.02424649
0.00747803
0.01844835
0.00710436
0.00869056
0.00689635
0.01040122

0.0179674
0.01697224
0.01805521
0.04196066

0.000161506
0.000859863
0.000197872
0.000413964
0.000631741
0.000290105
0.000157146
0.000282501

6.63E-06

0.000421203
0.000341732

2.07E-05

0.00012271
0.0003285

7.94E-05
7.06E-05

0.000209716
0.000285831
0.000400491

0.00019958
0.000104455
0.000271569
0.000483719
0.000148633
0.000156612
0.000334444
0.000153796
0.000165047
0.000223208
0.000195293
0.000238337
0.000658173

0.01139857 4.47E-05

0.00744044
0.05808946
0.00747644

0.0225523
0.04285648
0.01581823
0.00711404
0.00869982

0.000361143
0.000206279
0.000253033
0.000173881
0.000338667
0.000215098
0.000194759
0.000178576

0.00803827 6.69E-05

0.03246773
0.01432158
0.0151967
0.00414463
0.0205636
0.03596202

0.000286696
0.000580501
0.000128019
0.000196236
0.000427699
0.000221583

0.01214044 5.57E-05

0.00680642
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cg14095761
cg00262344
cg11063110
cg14333338
cg19747992
€g22796922
cg05895018
€g20240531
cg04757892
cg03369308
cg01189915
€g22353792
cg07471203
cg03946034
cg13228314
cg04129308
€g21780393
€g23022819
cg04369100
cg11753499
¢cg00562553
€g24371216
cg08388802
cg08988949
€g12673429
cg05893365
cg07803420
€g25902666
cg11600596
cg13911398
cg08371190
cg00916536
cg27137430
924121168
cg20728746
cg05968233
cg15082870
cg00177127
cg10375954
cg14068721
€g22488583
cg13601517
€g22626858
€g18982625
€g25749512
cg13981054
cg05465347
cg17682441
cg05414908
€g21292337

54
59
58
60
54
57
54
53
63
60
63
50
51
52
55
50
50
68
68
52
58
51
73
52
57
59
54
57
51
51
54
51
57
70
54
62
69
72
51
60
57
63
65
57
54
56
50
54
59
62

0.05973524
0.12169073
0.10273951

0.0686548
0.08768963

0.1677536
0.08807733
0.09411439
0.09554932

0.1766594
0.08343887

0.0754185
0.11250671
0.06851387
0.08348619
0.08180607
0.10314001
0.07744686
0.12653789
0.06904881
0.17208013
0.10054813
0.09795549

0.0679675

0.1043991
0.10067767
0.08190994
0.06940281
0.12726234
0.10917955
0.08647745
0.10385029
0.13171086
0.11913506
0.08096358
0.11360017
0.13533996
0.11432012
0.05765487
0.31029981
0.12107461
0.12029011
0.08489211
0.05785975
0.04793335
0.10373506
0.06143569
0.06848553
0.18184623
0.10246057

Epigenomics

-0.14599031
-0.26413928
-0.22530319
-0.19596364
-0.2011563
0.33958194
0.17353965
0.22296212
0.25206536
0.39029813
0.20316496
0.16620498
-0.2359032
0.19693552
0.18791359
0.22935663
-0.2586662
0.19778547
0.22000558
0.17069296
-0.3774865
0.22293384
0.19750179
-0.1482877
0.22241899
0.25855342
0.22814304
0.18707569
0.37097269

-0.261458
0.20571671
0.31654324
0.30147154
0.23967697
0.19013888
0.25543672
0.26465315
0.28218822
0.14551511
0.60842989
0.23926244
0.28148548
0.19073349
-0.1429099
-0.15012302
-0.28501944
-0.15824464
-0.17404161
-0.43035917
-0.31110221

0.01924659
0.00915198
0.01235129
0.04122953
0.01308402
0.00366677

0.0045833
0.01975993
0.02704773
0.01015564
0.01413623
0.00612998
0.00660046
0.04221133

0.000263566
0.000284126
0.000426244
0.000222537
0.000271206
0.000156217
0.000313248

0.00041048

0.000211443
0.000273119
0.000143905
0.000113884
0.000252877
0.000216676

0.006532 9.47E-05
0.05435216 0.000587795
0.03695657 0.000806768
0.00819207 2.14E-05
0.00022918 3.27E-05

0.02395689
0.00579467
0.0141271
0.00060597
0.00938461
0.00620106
0.02411992
0.04097262
0.04047326
0.060779
0.02013945
0.01501513
0.05864736
0.00948048

0.000366015
0.000109916
0.000476553
1.03E-05
0.000278252
0.000184759

0.00022931

0.000299668
0.000434866

0.00050811
0.00037416

0.000222764
0.000264012
0.000150649

0.00183655 5.84E-05
0.01259599 0.000185297
0.00846516 0.000155143
0.00079497 2.60E-05
0.00743182 3.01E-05
0.02045602 0.000198004
0.00282014 0.000161364
0.00413706 0.000258502
0.01084928 0.000144631
0.00534348 6.71E-05
0.01448043 0.000124308
0.05378318 0.000140542
0.03672141 0.000267622
0.034494 0.000507484
0.01493448 8.88E-05
0.01386311 0.000202742
0.06437776 0.000368436
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€g19961545
cg17473580
€g26364091
cg05567646
cg05896042
cg03707256
cg14130977
€g13994504
cg07269003
cg10366786
€g19293995
cg10750464
cg02446106
cg14087341
cg23187744
€cg16517838
cg05233877
cg08836199
cg03318937
€g21962765
cg14712846
€g23842572
cg01265662
€g23506135
cg08579916
cg05224659
cg10652057
€g24820982
€g22373508
€g25578967
cg13453304
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60
53
61
59
56
69
55
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53
81
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52
57
63
55
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61
62
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58
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53
52
59
55
67
64
62
50
53
50
52
64
51
53
54
53
61
57
58
78
63
55
53
54
54

0.13909712
0.06458489
0.13580167
0.12163456
0.1193276
0.20332376
0.12857292
0.08358352
0.11187327
0.07279288
0.07585991
0.20855146
0.12453503
0.0668268
0.0749576
0.11022405
0.11000836
0.11708047
0.07274192
0.19541342
0.08400161
0.0656407
0.10076475
0.12682622
0.15395598
0.09817122
0.10167785
0.088138
0.13588479
0.11753689
0.1354214
0.10850735
0.05869594
0.05813225
0.079928
0.09918927
0.06409703
0.10466152
0.06551076
0.11417446
0.06238687
0.13112619
0.08543032
0.12491747
0.2135874
0.06291356
0.06831224
0.06449235
0.08262457
0.09563194

Epigenomics

-0.31459385
-0.1905433
0.34945058
-0.2534991
0.28420822
0.49109747
0.32056384
0.21805133
-0.2604545
0.16522359
0.23588212
0.44787689
0.25024547
0.15592806
0.16626499
0.28664871
0.33679339
0.33063717
0.17924642
0.45946645
0.19972435
0.15276905
0.22943817
0.32928535
0.35463399
0.27636628
0.24364672
-0.2121876
0.35481949
0.33619274
0.31152436
0.33863079
-0.1874297
0.14757483
0.20006306
0.19608088
0.18301963
0.21433868
0.19360856
0.25570016
-0.1646355

-0.253751
-0.19498058
-0.39552829
-0.48738674
-0.19580562
-0.17020207
-0.17533592
-0.19546657
-0.22652015

0.00899617
0.07210416
0.02716841
0.00763546
0.01117649
0.01710921
0.02334447
0.01985828
0.01260043
0.01443212
0.06439089

0.0009421
0.00488529
0.01419325
0.00935049
0.01745317
0.06888401
0.06565197
0.01208371
0.01689688
0.01608721
0.01525009
0.01325021
0.01669603
0.01547727
0.04906739
0.02154396
0.01172265
0.02562899
0.03483049
0.01302357
0.05802962
0.08625838
0.01965931
0.02820223
0.00808723
0.04121315

0.0077536
0.05424314
0.01632462
0.03231334
0.00251259
0.01474961
0.06736253

0.000160547
0.000724954
0.000294494
0.000347493
0.000120184
0.000239236
0.000310997
0.000117826
0.000208078
0.000373492
0.000273628

6.78E-06

0.000269217
0.000255601
0.000223353

9.10E-05

0.000409916
0.000903468

8.72E-05

0.000328283
0.000258102
0.000304293
0.000305292

8.40E-05

0.000356215
0.000425213
0.000426953
0.000113988
0.000212661
0.000136221
0.000259305
0.000187707
0.000508658
0.000167532
0.000450721
0.000711225
0.000221258
0.000441203
0.000309445
0.000552736
0.000323653
0.000162693
0.000363754
0.000250657

0.00266655 1.45E-05

0.06272445
0.01450341
0.02842731
0.01757991
0.01679717
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69
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81
58
75
65
50
67
50
60
60
59
62
51
55
59
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59

0.11065926
0.36045787
0.10288242
0.13111522
0.09628119
0.15377444
0.12341757
0.11088911

-0.178866
0.22882441
0.09513296
0.10248054
0.17481949
0.05292517
0.11577912

0.0875585
0.10100966
0.15064346
0.17409025

-0.187828
0.13037931

0.1031068
0.13867449
0.14462245
0.17100548
0.07623907
0.05966093
0.10044307
0.12571226
0.13604591
0.18053239

0.1177918
0.10696583
0.07938537
0.13619655
0.16652945
0.06167674
-0.1765146
0.10894283
0.10360049
0.09541204
0.15084503
0.14294286
0.10084846
0.09830585
0.10441192
0.11850973
0.08855706
0.08501938
0.07699168

Epigenomics

-0.32123306
-0.819353
-0.28320349
-0.29571852
-0.30550973
-0.28855649
-0.2676188
-0.23842088
0.420085359
-0.52141999
-0.1952436
-0.25955624
-0.42296542
-0.1523259
-0.28589583
-0.28075291
-0.32413742
-0.32439901
-0.41725055
0.38188068
-0.2877808
-0.20314357
-0.32585301
-0.32627715
-0.38036631
-0.17353211
-0.17912965
-0.24626979
-0.26088146
-0.29397823
-0.38066713
-0.35132678
-0.24939144
-0.1897238
-0.30507332
-0.43488134
-0.13568491
0.434497932
-0.29341077
-0.31375886
-0.18621812
-0.37069834
-0.32495274
-0.25222495
-0.23413343
-0.26118738
-0.31637925
-0.28102252
-0.19638447
-0.19809986

0.05856583
0.01082164
0.02583268
0.02000844
0.08977774
0.00388948

0.0079671
0.00567605
0.02381289
0.01052187
0.00489791
0.02132574
0.01425069

0.000480281
0.000212528
0.000105471
0.000746481
0.000624797
0.000449323
0.000225618
0.000140244
0.000663148
0.000195069
0.000205494
0.000207633
0.000159649

0.03212545 1.00E-04

0.03123469
0.06904365
0.06140594
0.00953502
0.01102887

0.0080983
0.00608654
0.00728401
0.01714431
0.00589803
0.00420037

0.0136414
0.07016822

0.0098406
0.00226015
0.00824682
0.00840731
0.05476405
0.00316341
0.01924323
0.00460342
0.01885725
0.01086778
0.02152029
0.03590374
0.05309746
0.00261421
0.01900839
0.00934432
0.02104494
0.02086465
0.02742157
0.02554605
0.08160786

0.000661703
0.000230888
0.000154913
0.000337259
0.000107072
0.000515544
0.000109962
0.000630466
0.000340663

7.58E-05
5.04E-05

0.000324116
0.00054693

6.06E-05
5.06E-05

0.000250705
0.000353041
0.000283417

1.39E-05

0.000349192

5.35E-05

0.000102824
0.000325707

0.00030582
0.000325271
0.000212105
0.000153584
0.000239017
0.000160849
0.000237655
0.000430179
0.000426544
0.000156949
0.000456347

0.00541007 4.52E-05

0.02325386
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0.13189308
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0.05899109
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0.1010956
0.08483203
0.11995183
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-0.368467
-0.23586805
-0.43442829

-0.1749284
-0.21884451

-0.1683484

-0.2251972
0.556339618
-0.20844514
-0.66127057
-0.30952287
-0.39307997
-0.89014355
-0.39024179
-0.20012362
-0.29230226
-0.40000454
-0.22333771
-0.19289883
-0.27885561

-0.2442716
-0.18447648
-0.15240459

-0.4486394
-0.41763025
-0.21206753
-0.29940323

-0.1908185
-0.25615038
-0.19819531

0.01460885 4.94E-05

0.00592224
0.02147564
0.03521835

0.0129212
0.02437212
0.02775967

0.000191625

0.00019967
0.000199873
0.000164809
0.000134705
0.000458885

0.00965135 9.35E-05

0.02320383

0.000448251

0.03190615 5.53E-05
0.00256984 2.60E-06

0.00944723
0.01014351
0.01454937
0.02301902
0.01035442

0.0242912
0.01159224
0.04284388
0.03808663

0.000292116
0.000194602
0.000142643
0.000792807
0.000271891
0.000222183
0.000248216
0.000422483
0.000284622

0.00979405 3.42E-05
0.00135958 2.79E-05

0.02342556

0.000198117

0.01459942 2.35E-05

0.04877144
0.01831289
0.04999914
0.01190603
0.00864033
0.05095301
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Epigenomics

Supplemental material 5. Identified GO terms statistically significant at the 0.05 level. Term

both cohorts are in bold font.

Term

phosphatidylinositol dephosphorylation
phosphatidylinositol metabolic process

phospholipid dephosphorylation

phosphatidylinositol phosphate 4-phosphatase activity
adherens junction

regulation of acrosome reaction

phosphatidylinositol biosynthetic process

primary miRNA processing

phosphorylated carbohydrate dephosphorylation
inositol phosphate dephosphorylation

inositol phosphate catabolic process
phosphatidylinositol-3-phosphate biosynthetic process
cell periphery

ventricular septum development

peripheral nervous system development

cluster of actin-based cell projections

phospholipid metabolic process

organophosphate catabolic process

polysaccharide transport

recycling endosome lumen
UDP-N-acetylgalactosamine diphosphorylase activity
neutral sphingomyelin phosphodiesterase activity
nuclear-transcribed mRNA catabolic process, 3'-5'
exonucleolytic nonsense-mediated decay

PAS complex

retina blood vessel maintenance

positive regulation of reproductive process
phosphatidylinositol bisphosphate phosphatase activity

regulation of transcription elongation by RNA polymerase |l
polyol catabolic process

delayed rectifier potassium channel activity
myelination in peripheral nervous system

peripheral nervous system axon ensheathment
alpha-actinin binding

phosphatidylinositol phosphate phosphatase activity
glycerophospholipid metabolic process

Schwann cell development

chondrocyte development

protein homooligomerization

lipid modification

netrin receptor binding

UDP-N-acetylglucosamine diphosphorylase activity
cysteine-tRNA ligase activity

lactose biosynthetic process

cysteinyl-tRNA aminoacylation

low voltage-gated calcium channel activity
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p-value (IOWBC)

0.000133905
0.000376031
0.000473043
0.000699296
0.000868561
0.001610594
0.001856233
0.002075283
0.002075283
0.002075283
0.002595838
0.003171356
0.003198961
0.003277406
0.003533941
0.003753513
0.003807059
0.003838805

0.00400782

0.00400782

0.00400782

0.00400782

0.00400782
0.00400782
0.00400782
0.004838742
0.004844796

0.004999307
0.005218835

0.00560574

0.00560574

0.00560574

0.00560574
0.006417718
0.006566117
0.006842582
0.007279888
0.007307408
0.007989037
0.007999773
0.007999773
0.007999773
0.007999773
0.007999773
0.007999773
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recombination hotspot binding
phosphatidylinositol-3,4-bisphosphate 4-phosphatase
activity

inositol-1,3,4-trisphosphate 4-phosphatase activity
polysaccharide localization

adrenal cortex formation

inositol-3,4-bisphosphate 4-phosphatase activity

post-embryonic retina morphogenesis in camera-type eye
microprocessor complex

cellular response to redox state

stereocilium shaft

ribonuclease Ill complex

cellular response to 2,3,7,8-tetrachlorodibenzodioxine
fertilization

positive regulation of axon extension

anchoring junction

regulation of reproductive process

cardiac septum development

actinin binding

transcription elongation by RNA polymerase |l
Schwann cell differentiation

glycerophospholipid biosynthetic process

acrosome reaction

endonuclease complex

multi-multicellular organism process

cyclic purine nucleotide metabolic process
system development
phosphatidylinositol-3,4,5-trisphosphate binding
cyclic nucleotide metabolic process

presynaptic endosome

peptidyl-glutamate ADP-deribosylation
ADP-ribosylglutamate hydrolase activity
tRNA-intron endonuclease activity

tRNA-type intron splice site recognition and cleavage
cGMP-stimulated cyclic-nucleotide phosphodiesterase
activity

lactose synthase activity

vasoactive intestinal polypeptide receptor activity
lactose metabolic process

meiotic gene conversion

biotin transmembrane transporter activity

biotin transport

vagus nerve development

early endosome lumen

peripheral nervous system myelin formation
internode region of axon

adrenal cortex development

atrial cardiac muscle cell differentiation

atrial cardiac muscle cell development
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0.007999773

0.007999773
0.007999773
0.007999773
0.007999773
0.007999773

0.007999773
0.007999773
0.007999773
0.007999773
0.007999773
0.007999773
0.008272999
0.008665427
0.008986192
0.009011714
0.009131412

0.00915147
0.009603214
0.009649443
0.009792314
0.010041004
0.010159243
0.010159243

0.01044755

0.01068077
0.010834853
0.011213925
0.011213925

0.01197592

0.01197592

0.01197592

0.01197592

0.01197592

0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
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Ski complex

negative regulation of chondrocyte development
vesicle-mediated intercellular transport

regulation protein catabolic process at postsynapse
response to 2,3,7,8-tetrachlorodibenzodioxine
positive regulation of cell cycle

cell junction

ventricular septum morphogenesis

phosphoric ester hydrolase activity

cardiac ventricle development

adenylate cyclase-modulating G protein-coupled receptor
signaling pathway

miRNA processing

DNA-templated transcription elongation

tRNA-intron endonuclease complex
beta-N-acetylglucosaminylglycopeptide beta-1,4-
galactosyltransferase activity

phosphorylase kinase activity

regulation of reciprocal meiotic recombination

positive regulation of reciprocal meiotic recombination
NELF complex

nuclear speck organization

gene conversion

cGMP catabolic process

disaccharide biosynthetic process

microfibril binding

negative regulation of transcription from RNA polymerase II
promoter in response to hypoxia

cytoskeletal protein-membrane anchor activity

phosphatidylinositol-3,4-bisphosphate phosphatase activity
mMRNA cap binding complex binding

protein-RNA adaptor activity

histone H4K20me methyltransferase activity

histone H3K9 trimethyltransferase activity

histone H3K36 trimethyltransferase activity

negative regulation of hyaluronan biosynthetic process
positive regulation of transcription elongation by RNA
polymerase Il

binding

protein complex oligomerization

voltage-gated monoatomic cation channel activity
glycerolipid metabolic process

phospholipid biosynthetic process

anatomical structure morphogenesis
N-acetyllactosamine synthase activity

phosphorylase kinase complex

inositol bisphosphate phosphatase activity
glossopharyngeal nerve development

negative regulation of syncytium formation by plasma

membrane fusion
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0.01197592
0.01197592
0.01197592
0.01197592
0.01197592
0.012120913
0.012695183
0.012882165
0.012986909
0.014186344

0.014353332
0.014651518
0.014793957
0.015936323

0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323

0.015936323
0.015936323

0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323
0.015936323

0.016519381
0.016900605

0.01764358
0.017709153
0.018505623
0.018836572
0.019568476
0.019881045
0.019881045
0.019881045
0.019881045

0.019881045
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stress granule disassembly
Mon1-Ccz1 complex

inner dynein arm
neuregulin binding

phosphatidylinositol-3,5-bisphosphate 5-phosphatase

activity

embryonic heart tube left/right pattern formation
regulation protein catabolic process at synapse
positive regulation of fertilization

plasma membrane

cell projection

inositol phosphate metabolic process

positive regulation of cell cycle process
extracellular matrix

positive regulation of nuclear division
sphingomyelin phosphodiesterase activity
negative regulation of cGMP-mediated signaling
urate transmembrane transporter activity
sarcoglycan complex

TPR domain binding

hemidesmosome assembly

riboflavin transmembrane transporter activity
riboflavin transport

phosphatidylinositol 3-kinase complex, class Il
phosphatidylinositol acyl-chain remodeling
clustering of voltage-gated sodium channels

negative regulation of cyclic-nucleotide phosphodiesterase

activity

protein de-ADP-ribosylation

negative regulation of mitochondrial depolarization
regulation of phosphatidylinositol dephosphorylation
regulation of chondrocyte development

external side of apical plasma membrane

PAR polarity complex

histone H4K20 monomethyltransferase activity
double-strand break repair involved in meiotic
recombination

xenobiotic transport across blood-brain barrier
regulation of axonogenesis

syncytium formation by plasma membrane fusion
cranial nerve development

phosphatidylinositol phosphate biosynthetic process
cell-cell fusion

sensory perception of sound

plasma membrane protein complex

stereocilium bundle

main axon

axonogenesis

sphingomyelin catabolic process
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0.019881045
0.019881045
0.019881045
0.019881045

0.019881045
0.019881045
0.019881045
0.019881045
0.020066491
0.020219565
0.020540477
0.020589309
0.022518258
0.022688738
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146

0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146
0.023810146

0.023810146
0.023810146
0.024029857
0.024170266
0.024170266
0.024170266
0.024170266
0.024434945

0.02548721
0.025690451
0.025690451
0.027521109
0.027653539
0.027723687
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adenylate cyclase-inhibiting serotonin receptor signaling

pathway

dystroglycan complex

hemidesmosome

intracellular oxygen homeostasis

nodal signaling pathway involved in determination of
left/right asymmetry

axon hillock

positive regulation of axon extension involved in axon
guidance

LBD domain binding

embryonic process involved in female pregnancy
pulmonary artery morphogenesis

uridylyltransferase activity

cell body fiber

cellular response to magnesium ion

cellular response to cGMP

dentinogenesis

regulation of modification of postsynaptic structure
nodal signaling pathway involved in determination of lateral
mesoderm left/right asymmetry

negative regulation of membrane depolarization
positive regulation of developmental growth

ion binding

plasma membrane region

polysaccharide biosynthetic process

determination of left/right asymmetry in lateral mesoderm
chondrocyte development involved in endochondral bone
morphogenesis

urate transport

RNA endonuclease activity, producing 3'-
phosphomonoesters

mitochondrial crista

peptidyl-proline 4-dioxygenase activity
ribonucleoprotein complex disassembly

regulation of hyaluronan biosynthetic process
positive regulation of male gonad development
positive regulation of Arp2/3 complex-mediated actin
nucleation

cellular component morphogenesis

heterocyclic compound binding

regulatory ncRNA processing

circulatory system process

cellular component organization

regulation of cartilage development

cardiac septum morphogenesis

nuclear membrane

sensory perception of mechanical stimulus

neuron projection morphogenesis

nervous system development
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0.027723687
0.027723687
0.027723687
0.027723687

0.027723687
0.027723687

0.027723687
0.027723687
0.027723687
0.027723687
0.027723687
0.027723687
0.027723687
0.027723687
0.027723687
0.027723687

0.027723687
0.027723687
0.027808705
0.027848539
0.031024643

0.03130554

0.031621729

0.031621729
0.031621729

0.031621729
0.031621729
0.031621729
0.031621729
0.031621729
0.031621729

0.031621729
0.031872515
0.032101867
0.032143952
0.032415055
0.032419096
0.032991178
0.033847136
0.034232217
0.034279518

0.03473562
0.035142391
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embryonic organ development

cell development

galactose metabolic process
UDP-N-acetylglucosamine biosynthetic process
penetration of zona pellucida

spectrin

positive regulation of peroxisome proliferator activated
receptor signaling pathway

netrin-activated signaling pathway

histone H4K20 methyltransferase activity
development of secondary sexual characteristics
2-acylglycerol-3-phosphate O-acyltransferase activity
response to cGMP

positive regulation of gonad development
regulation of male gonad development

cellular carbohydrate biosynthetic process
organic hydroxy compound catabolic process
positive regulation of axonogenesis

female pregnancy

organic cyclic compound binding

cell morphogenesis involved in differentiation
voltage-gated potassium channel complex

plasma membrane bounded cell projection morphogenesis
voltage-gated monoatomic ion channel activity
voltage-gated channel activity

phosphatase binding

Golgi trans cisterna

phosphatidylinositol-4,5-bisphosphate 5-phosphatase
activity

intercellular transport

peptidyl-proline hydroxylation to 4-hydroxy-L-proline
cortisol biosynthetic process

regulation of cyclic-nucleotide phosphodiesterase activity
serotonin binding

establishment of centrosome localization

ventricular cardiac muscle cell development

positive regulation of epithelial cell proliferation involved in
wound healing

kinocilium

primary miRNA binding

negative regulation of transcription from RNA polymerase |l
promoter in response to stress

9+2 non-motile cilium

excitatory chemical synaptic transmission

tertiary alcohol biosynthetic process

cell projection morphogenesis

cation channel complex

adenylate cyclase-inhibiting G protein-coupled receptor

signaling pathway
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0.035145479
0.035368472
0.035504333
0.035504333
0.035504333
0.035504333

0.035504333
0.035504333
0.035504333
0.035504333
0.035504333
0.035504333
0.035504333
0.035504333
0.03558492
0.03558492
0.036466584
0.0372717
0.037507203
0.037659795
0.038255054

0.038668709
0.038816599
0.038816599
0.039338761
0.039371559

0.039371559
0.039371559
0.039371559
0.039371559

0.039371559
0.039371559
0.039371559
0.039371559

0.039371559
0.039371559
0.039371559

0.039371559
0.039371559
0.039371559
0.039371559
0.039954085
0.040926752

0.040999429
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regulation of developmental growth

axon development

intracellular cyclic nucleotide activated monoatomic cation
channel activity

interstitial matrix

disaccharide metabolic process

aldosterone biosynthetic process

paranode region of axon

nuclear-transcribed mRNA catabolic process,
exonucleolytic, 3'-5'

nail development

amine binding

cyclic nucleotide-gated monoatomic ion channel activity
negative regulation of cAMP-mediated signaling
amino sugar biosynthetic process
phosphatidylinositol-3,5-bisphosphate 3-phosphatase
activity

regulation of transcription from RNA polymerase Il promoter
in response to hypoxia

regulation of modification of synaptic structure
positive regulation of acrosome reaction
nuclear envelope

basement membrane

phosphoric diester hydrolase activity

embryonic heart tube development

cell part morphogenesis

organophosphate metabolic process
voltage-gated potassium channel activity
collagen trimer

regulation of anatomical structure size
dephosphorylation

locomotory behavior

inositol trisphosphate phosphatase activity
mineralocorticoid biosynthetic process

negative regulation of heart rate
peptidyl-proline dioxygenase activity

cortisol metabolic process

phosphate ion binding

skin morphogenesis

neuronal ion channel clustering

urate metabolic process

histone H3K9 methyltransferase activity

histone H3K36 methyltransferase activity

phosphatidylinositol-4,5-bisphosphate phosphatase activity
cellular response to oxidised low-density lipoprotein particle
stimulus

anion binding

multi-organism reproductive process

nerve development

potassium channel complex
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0.041259828
0.041726756

0.043223468
0.043223468
0.043223468
0.043223468
0.043223468

0.043223468
0.043223468
0.043223468
0.043223468
0.043223468
0.043223468

0.043223468

0.043223468
0.043223468
0.043223468
0.043320199
0.044770432
0.044770432
0.044770432
0.045367542
0.045451291
0.045732641
0.045732641
0.045945586
0.046926033
0.047022942
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119
0.047060119

0.047060119

0.047060119
0.047702492
0.048177051
0.048664762
0.048664762
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cellular component organization or biogenesis 0.049301629
embryonic placenta development 0.049657051
arginine binding

collagen fibril binding

regulation of hepatocyte apoptotic process

negative regulation of superoxide dismutase activity
positive regulation of hepatocyte apoptotic process
negative regulation of removal of superoxide radicals
vacuole

vinculin binding

positive regulation of spindle checkpoint

positive regulation of mitotic cell cycle spindle assembly
checkpoint

lytic vacuole

lysosome

positive regulation of macroautophagy

MRNA regulatory element binding translation repressor
activity

regulation of mitotic sister chromatid segregation
establishment or maintenance of cell polarity

purine nucleotide binding

chromosome separation

biotin binding

long-chain fatty acyl-CoA binding

lateral part of cell

spermatoproteasome complex

negative regulation of ATP biosynthetic process
ribonucleotide binding

pseudopodium

regulation of organelle assembly

carbohydrate derivative binding

positive regulation of cell cycle checkpoint

protein phosphatase binding

purine ribonucleotide binding

antigen processing and presentation

sphingomyelin metabolic process

ankyrin binding

inositol-1,3,4,5-tetrakisphosphate 5-phosphatase activity
resolution of recombination intermediates

negative regulation of cellular response to oxidative stress
organelle organization

antigen processing and presentation of exogenous peptide
antigen

hepatocyte apoptotic process

mitotic spindle

negative regulation of nuclear division

purine ribonucleoside triphosphate binding

nuclear inner membrane

regulation of spindle checkpoint
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regulation of mitotic cell cycle spindle assembly checkpoint
regulation of mitotic spindle checkpoint

small molecule binding

late endosome

inositol-polyphosphate 5-phosphatase activity
ligase activity, forming carbon-carbon bonds
negative regulation of nucleotide biosynthetic process
autocrine signaling

formation of anatomical boundary
inositol-1,4,5-trisphosphate 5-phosphatase activity
skeletal muscle fiber differentiation

negative regulation of purine nucleotide biosynthetic
process

positive regulation of autophagosome maturation
adenyl nucleotide binding

cellular lipid metabolic process

retina development in camera-type eye

myotube differentiation

lysosomal membrane

lytic vacuole membrane

positive regulation of cellular catabolic process
calcium-independent cell-cell adhesion via plasma
membrane cell-adhesion molecules

MHC protein complex

hematopoietic or lymphoid organ development
regulation of autophagosome assembly

antigen processing and presentation of peptide antigen
positive regulation of triglyceride catabolic process
heparan sulfate proteoglycan biosynthetic process,
polysaccharide chain biosynthetic process

negative regulation of monocyte differentiation
inositol tetrakisphosphate phosphatase activity
regulation of superoxide dismutase activity
regulation of collagen fibril organization

regulation of xenophagy

positive regulation of xenophagy

nucleotide binding

vacuolar membrane

nucleoside phosphate binding

double-stranded RNA binding

skeletal system development

protein serine/threonine kinase activity

production of molecular mediator involved in inflammatory
response

mitotic spindle assembly checkpoint signaling
spindle assembly checkpoint signaling

mitotic spindle checkpoint signaling

regulation of reactive oxygen species biosynthetic process
skeletal muscle tissue development
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adenyl ribonucleotide binding
regulation of systemic arterial blood pressure by renin-

angiotensin

antigen processing and presentation of exogenous antigen
spindle checkpoint signaling

regulation of erythrocyte differentiation

regulation of chromosome separation

ATP-gated ion channel activity

positive regulation of lipoprotein lipase activity

regulation of removal of superoxide radicals

positive regulation of CD8-positive, alpha-beta T cell
activation

negative regulation of sister chromatid segregation

negative regulation of mitotic sister chromatid segregation
negative regulation of mitotic metaphase/anaphase
transition

negative regulation of mitotic sister chromatid separation
cytoskeleton organization

phosphorus metabolic process

phospholipid transport

regulation of sister chromatid segregation

triglyceride catabolic process

molecular_function

regulation of vacuole organization

negative regulation of chromosome segregation
negative regulation of metaphase/anaphase transition of
cell cycle

negative regulation of chromosome separation
protein-containing complex binding

cytokine production involved in inflammatory response
regulation of cytokine production involved in inflammatory
response

protein kinase activity

regulation of angiotensin levels in blood

negative regulation of T cell differentiation in thymus
positive regulation of triglyceride lipase activity

negative regulation of leukocyte differentiation

structural molecule activity

protein serine kinase activity

phosphate-containing compound metabolic process
oxidoreductase activity, acting on the CH-CH group of
donors, NAD or NADP as acceptor

sphingolipid biosynthetic process

ATP binding

skeletal muscle organ development

envelope

positive regulation of autophagy

pancreas development

positive regulation of neuroblast proliferation
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regulation of phosphatase activity

astral microtubule

aster

sphingomyelin biosynthetic process

coenzyme A biosynthetic process

intracellular monoatomic anion homeostasis
intracellular chloride ion homeostasis

maintenance of apical/basal cell polarity
UDP-xylosyltransferase activity

xylosyltransferase activity

T cell receptor binding

maintenance of epithelial cell apical/basal polarity
Bergmann glial cell differentiation

trachea morphogenesis

telomeric loop disassembly

transferrin receptor binding

type B pancreatic cell differentiation
phosphatidyl-N-methylethanolamine N-methyltransferase
activity

positive regulation of antibody-dependent cellular
cytotoxicity

detection of hypoxic conditions in blood by chemoreceptor
signaling

uracil binding

pyrimidine nucleobase binding

antigen processing and presentation of exogenous peptide
antigen via MHC class I, TAP-dependent

central B cell tolerance induction

regulation of central tolerance induction

positive regulation of central tolerance induction
regulation of central B cell tolerance induction

positive regulation of central B cell tolerance induction
regulation of systemic arterial blood pressure by carotid

body chemoreceptor signaling

detection of hypoxic conditions in blood by carotid body
chemoreceptor signaling

pancreatic A cell development

proepicardium cell migration involved in pericardium
morphogenesis

diphosphomevalonate decarboxylase activity

heparan sulfate 2-O-sulfotransferase activity
hexaprenyldihydroxybenzoate methyltransferase activity
phosphatidylethanolamine N-methyltransferase activity
phosphopantothenoylcysteine decarboxylase activity
pyruvate carboxylase activity

growth hormone receptor activity

interleukin-3 receptor activity

thymidine catabolic process

female meiosis

Mo-molybdopterin cofactor sulfurase activity
3-demethylubiquinone-9 3-O-methyltransferase activity
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polarity specification of anterior/posterior axis
3,4-dihydroxy-5-polyprenylbenzoic acid O-
methyltransferase activity

L-threonine transmembrane transporter activity
nitrite transport

threonine transport

dihydropyrimidine dehydrogenase (NADP+) activity

inorganic diphosphate transmembrane transporter activity
somatostatin receptor binding

negative regulation of synaptic transmission, cholinergic
regulation of spindle elongation

regulation of mitotic spindle elongation

hydroxyproline transport

L-hydroxyproline transmembrane transporter activity
long-chain fatty-acyl-CoA catabolic process

regulation of fusion of sperm to egg plasma membrane
intercellular bridge organization
decaprenyldihydroxybenzoate methyltransferase activity
3-demethylubiquinol-10 3-O-methyltransferase activity
translation factor activity, non-nucleic acid binding
CXCR1 chemokine receptor binding

pyrimidine deoxyribonucleoside catabolic process

protein-glucosylgalactosylhydroxylysine glucosidase activity
determination of affect

positive regulation of calcium-independent cell-cell adhesion
cortical microtubule

anastral spindle assembly

positive regulation of DNA strand elongation

mesenchymal cell proliferation involved in prostate gland

development
regulation of mesenchymal cell proliferation involved in

prostate gland development

mesenchymal smoothened signaling pathway involved in
prostate gland development

positive regulation of sclerotome development

regulation of sclerotome development
3-demethylubiquinol-n 3-O-methyltransferase activity
mitochondrial ATP-gated potassium channel activity
phosphopantothenoylcysteine decarboxylase complex
glomerular parietal epithelial cell development

kidney smooth muscle cell differentiation
phosphatidyl-N-dimethylethanolamine N-methyltransferase
activity

positive regulation of 1-phosphatidylinositol-4-phosphate 5-
kinase activity

cyclin D2-CDK6 complex

molybdenum cofactor sulfurtransferase activity
omega-hydroxyceramide transacylase activity
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omega-hydroxyceramide biosynthetic process
histone H3K4 dimethyltransferase activity
histone H3K27 dimethyltransferase activity

negative regulation of glutamate receptor signaling pathway
leukotriene A4 biosynthetic process

regulation of protein localization to spindle pole body
positive regulation of protein localization to spindle pole
body

positive regulation of mitotic spindle elongation
regulation of retina development in camera-type eye
tracheoesophageal septum formation

cytoplasmic microtubule bundle

positive regulation of cell fate determination

MAD1 complex

G-rich single-stranded DNA binding

regulation of ureter smooth muscle cell differentiation
negative regulation of ureter smooth muscle cell

differentiation

positive regulation of ureter smooth muscle cell
differentiation

regulation of kidney smooth muscle cell differentiation
negative regulation of kidney smooth muscle cell
differentiation

positive regulation of kidney smooth muscle cell
differentiation

regulation of apolipoprotein binding

negative regulation of apolipoprotein binding
phosphotransferase activity, alcohol group as acceptor
lipid metabolic process

organophosphate ester transport

late endosome membrane

organelle inner membrane

negative regulation of mitotic nuclear division
plasma membrane signaling receptor complex
heparan sulfate proteoglycan biosynthetic process,
enzymatic modification

nuclear pore nuclear basket

macrophage proliferation

messenger ribonucleoprotein complex

actin cytoskeleton organization

regulation of phosphoprotein phosphatase activity
actin filament-based process

kinase activity

regulation of mitotic sister chromatid separation
astrocyte differentiation

nephron development

organelle assembly

organelle

A band

regulation of extracellular matrix organization
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Page 76 of 114



Page 77 of 114 Epigenomics

reactive oxygen species biosynthetic process
regulation of triglyceride catabolic process
telencephalon regionalization

regulation of metaphase plate congression
xenophagy

cell division

localization

microtubule bundle formation

MHC protein complex binding

positive regulation of erythrocyte differentiation
intracellular anatomical structure

muscle cell development

cell adhesion

mitotic sister chromatid separation

virion assembly

enteroendocrine cell differentiation

regulation of macroautophagy

nervous system process involved in regulation of systemic
arterial blood pressure

MHC class |l protein complex assembly

G protein-coupled photoreceptor activity
neuron remodeling

phospholipid efflux

S100 protein binding

sphingosine biosynthetic process

sphingoid biosynthetic process

positive regulation of astrocyte differentiation
HMG box domain binding

axoneme assembly

selective autophagy

immune system development

insulin secretion

glandular epithelial cell development

skeletal muscle fiber development

regulation of cellular pH

negative regulation of chromosome organization
glycerolipid catabolic process

connective tissue development

regulation of dephosphorylation

positive regulation of cellular metabolic process
negative regulation of intracellular steroid hormone receptor
signaling pathway

negative regulation of Notch signaling pathway
neutral lipid catabolic process

acylglycerol catabolic process

microtubule cytoskeleton

heparan sulfate proteoglycan metabolic process
heparan sulfate sulfotransferase activity

MHC class Il protein complex

nuclear retinoid X receptor binding
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negative regulation of androgen receptor signaling pathway
metanephric mesenchyme development
myristoyl-CoA hydrolase activity

L-arginine transmembrane transport

embryonic skeletal system development
metaphase/anaphase transition of mitotic cell cycle
receptor complex

actomyosin structure organization

cytoskeleton

negative regulation of insulin secretion

erythrocyte differentiation

regulation of chromosome segregation

immune receptor activity

macroautophagy

ureteric bud development

kidney morphogenesis

collagen binding

ureteric bud morphogenesis

cilium assembly

extracellular exosome

metaphase/anaphase transition of cell cycle
mesonephric epithelium development
mesonephric tubule development

positive regulation of cellular process
mitochondrial calcium ion transmembrane transport
photoreceptor activity

heparin metabolic process

regulation of granulocyte differentiation

myosin V binding

proton-transporting two-sector ATPase complex assembly

regulation of systemic arterial blood pressure by hormone
neural tube patterning

granulocyte differentiation

bicellular tight junction assembly

mesonephric tubule morphogenesis

regulation of cellular metabolic process
nuclear-transcribed mRNA catabolic process, nonsense-
mediated decay

lactation

myotube cell development

cortical actin cytoskeleton organization

positive regulation of MRNA processing

histidine biosynthetic process
cleavage In |1 52 between 5.8S rRNA and LSU-rRNA of

tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-

rRNA)
TFIIF-class transcription factor complex binding
acetylcholine catabolic process in synaptic cleft
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gastrin-induced gastric acid secretion

regulation of antibody-dependent cellular cytotoxicity
immune response in gut-associated lymphoid tissue
immune response in nasopharyngeal-associated lymphoid
tissue

central tolerance induction

negative regulation of germinal center formation
regulation of B cell tolerance induction

positive regulation of B cell tolerance induction
cell-matrix adhesion involved in ameboidal cell migration
acetylcholinesterase activity

arachidonate 5-lipoxygenase activity
formate-tetrahydrofolate ligase activity
propionyl-CoA carboxylase activity

thromboxane-A synthase activity

type Il interferon receptor activity

interleukin-5 receptor activity

cytoskeletal regulatory protein binding

uracil catabolic process

vacuolar protein processing

intracellular cadmium ion homeostasis
2-polyprenyl-6-methoxy-1,4-benzoquinone
methyltransferase activity

SCF complex assembly

regulation of ubiquinone biosynthetic process
positive regulation of very-low-density lipoprotein particle
remodeling

intein-mediated protein splicing

peptidyl-cysteine methylation

viral genome packaging

viral RNA genome packaging

beta-alanine biosynthetic process

quinone cofactor methyltransferase activity

protein splicing

alpha-(1,2)-fucosyltransferase activity

MRNA export from nucleus in response to heat stress
MHC class Ib protein complex

TRAIL production

regulation of TRAIL production

positive regulation of TRAIL production
Rad51C-XRCC3 complex

plasma membrane proton-transporting V-type ATPase
complex

integrin alpha4-beta7 complex

protein localization to M-band

arachidonate 8(S)-lipoxygenase activity
interleukin-5-mediated signaling pathway

protein tyrosine kinase collagen receptor activity
BRE binding

negative regulation of neutrophil differentiation
sphinganine biosynthetic process
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histone deacetylase inhibitor activity

negative regulation of RNA export from nucleus
habituation

delta14-sterol reductase activity

leukocyte adhesive activation

regulation of calcium-independent cell-cell adhesion

negative regulation of cardiac muscle tissue development
cadmium ion homeostasis

peroxisome localization

microtubule-based peroxisome localization

bud outgrowth involved in lung branching

right lung development

left lung development

primary prostatic bud elongation

epithelial-mesenchymal signaling involved in prostate gland

development

glutathione specific gamma-glutamylcyclotransferase
activity

mitochondrial ATP-gated potassium channel complex
growth hormone receptor complex

resolution of mitotic recombination intermediates
recycling endosome to Golgi transport

protein localization to spindle pole body

lateral cell cortex

FBXO family protein binding

ceramide floppase activity

ceramide translocation

11-cis-retinol dehydrogenase

mitochondrial potassium ion transmembrane transport
phosphatidylserine transfer activity

palmitic acid metabolic process

palmitic acid biosynthetic process

positive regulation of lung ciliated cell differentiation
leukotriene A4 metabolic process

negative regulation of protein lipidation

negative regulation of cardiac conduction

positive regulation of DNA duplex unwinding

positive regulation of DNA helicase activity
regulation of cell fate determination

embryonic lung development

mitotic spindle assembly checkpoint MAD1-MAD2 complex
basolateral part of cell

positive regulation of mesenchymal cell proliferation
involved in ureter development

DNA alkylation

DNA methylation

positive regulation of epithelial cell differentiation

receptor metabolic process

myeloid cell homeostasis
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regulation of systemic arterial blood pressure by circulatory
renin-angiotensin

osteoblast development

palmitoyl-CoA hydrolase activity

MHC class | protein binding

embryonic digestive tract morphogenesis
regulation of autophagosome maturation
mesonephros development

cellular anatomical entity

negative regulation of interleukin-6 production
extracellular vesicle

vacuolar lumen

extracellular organelle

extracellular membrane-bounded organelle
regulation of pH

interleukin-6 production

positive regulation of alpha-beta T cell activation
regulation of mitotic spindle organization

positive regulation of catabolic process
fatty-acyl-CoA binding

MHC protein complex assembly

peptide antigen assembly with MHC protein complex
positive regulation of T-helper 1 type immune response
MAP kinase kinase activity

coenzyme A metabolic process

maintenance of cell polarity

negative regulation of transcription elongation by RNA
polymerase Il

costamere

negative regulation of translational initiation
inositol phosphate phosphatase activity
structural constituent of postsynapse

regulation of plasma membrane organization
negative regulation of cellular macromolecule biosynthetic
process

erythrocyte homeostasis

superoxide metabolic process

neuroblast proliferation

leukocyte proliferation

structural constituent of cytoskeleton
immunoglobulin mediated immune response
negative regulation of peptide hormone secretion
spindle

embryonic organ morphogenesis

striated muscle cell differentiation

tight junction assembly

cell leading edge

focal adhesion

nucleus organization

negative regulation of peptide secretion

activin receptor signaling pathway
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regulation of neuroblast proliferation

regulation of RNA splicing

myeloid leukocyte mediated immunity
leukocyte migration involved in inflammatory response
regulation of lipoprotein lipase activity

trachea development

kidney mesenchyme development

perinuclear endoplasmic reticulum

fatty acid derivative binding

basic amino acid transmembrane transport
positive regulation of autophagosome assembly
B cell mediated immunity

apical junction assembly

nephron tubule morphogenesis

ruffle

regulation of nuclear division

protein serine/threonine/tyrosine kinase activity
kinesin binding
phosphatidylinositol-3-phosphate binding
positive regulation of RNA splicing

cell fate specification

cell cortex

hormone secretion

actomyosin
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1S common to

p-value (MICS)
0.010192613

0.031461486

0.019217264

0.043373976

0.03603393

Epigenomics
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0.016688782

0.022835973
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0.007583832
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0.034983761

0.016620754

0.040631269
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0.010303636

0.00739011
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0.014888942

0.02147057

0.019290625

0.007353721

https://mc04.manuscriptcentral.com/fm-epi



0.000311981
0.000329706
0.000461669
0.000977192
0.000977192
0.000977192
0.001090369
0.001161017
0.001161017

0.001161017
0.001876581
0.001876581
0.002272714

0.002305897
0.002713656
0.002956872
0.002991791
0.003162008
0.003179405
0.003179405
0.003179405
0.003179405
0.003179405
0.003231587

0.00335459
0.003863387
0.003916672
0.003971731
0.004137554

0.00439437
0.004400274
0.004653482
0.004653482

0.004711863
0.004711863

0.004711863
0.004718331

0.004873462
0.005401685
0.005403074
0.005736776
0.006023895
0.006132242
0.006218013
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0.006218013
0.006218013
0.006347231
0.006377059
0.006517547
0.006517547
0.006517547
0.006517547
0.006517547
0.006517547
0.006517547

0.006517547
0.006517547
0.006669498
0.007376624
0.007553039
0.007609989
0.007758697
0.007758697
0.007791439

0.008060952
0.008060952
0.008165724
0.008231921
0.008400034
0.008586069

0.008586069
0.008586069
0.008586069
0.008586069
0.008586069
0.008586069
0.008586069
0.008737918
0.008791555
0.008816494
0.008914733
0.009155885
0.009183888

0.009436022
0.009619656
0.009619656
0.009619656

0.009619656
0.009730046
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0.009845572

0.010192613

0.010367063
0.010367063
0.010367063
0.010588673
0.010907327
0.010907327
0.010907327

0.010907327
0.011151037

0.011151037

0.011151037
0.011151037
0.011513539

0.01169446
0.011856834
0.011856834

0.01262106
0.012641945
0.012831146
0.012831146

0.012831146
0.012831146
0.013002284
0.013138406

0.013138406
0.013414125
0.013471495
0.013471495
0.013471495
0.013502925
0.013519415
0.013872357

0.01392021

0.013948529
0.014085396
0.014292162

0.01450138
0.014757245
0.015279698
0.015302222
0.015352292
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0.016073282
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016269023
0.016832807

0.018181818

0.018181818

0.018181818
0.018181818
0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818

0.018181818

0.018181818
0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
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0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818

0.018181818
0.018181818

0.018181818
0.018181818
0.018181818
0.018181818

0.018181818

0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818

0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
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0.018181818
0.018181818
0.018181818

0.018181818
0.018181818
0.018181818

0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818
0.018181818

0.018181818

0.018181818
0.018181818

0.018181818

0.018181818
0.018181818
0.018181818
0.018238311
0.018313901
0.018754913
0.018754913
0.018799318
0.018808109
0.019059182

0.019290625
0.019290625
0.019290625
0.019290625
0.019818935
0.019945876
0.020241402
0.020934306
0.021125191
0.021244846
0.021358588
0.02140994
0.02152929
0.021737842
0.0223464
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0.0223464
0.022527272
0.022527272
0.022527272
0.022527272
0.022943234
0.023265593
0.023313779
0.023527851
0.023527851
0.023623553
0.023898636
0.024600429
0.024915749
0.025395377
0.025395377
0.025718944

0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.025970189
0.026299631
0.026299631
0.026616293
0.026616293
0.027340303
0.027340303
0.027394881
0.027394881
0.027656153
0.027700114
0.027741814
0.028045835

0.029362431
0.029362431
0.029362431
0.029362431
0.029447064
0.02961085
0.02961085
0.02961085
0.02961085
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0.02961085

0.02961085

0.02961085

0.02961085
0.029658345
0.029671382
0.029959892
0.031084664
0.031403556
0.031461486
0.031659805
0.031659805
0.031659805
0.031750531
0.032063795
0.032063795
0.032091317
0.032091317
0.032127699
0.032720741
0.033303895
0.033303895
0.033303895
0.033353835
0.033440965
0.033440965
0.033440965
0.033440965
0.033440965

0.033440965

0.03363712
0.03363712
0.03363712
0.03365692
0.03365692
0.035354211

0.035888918
0.035888918
0.035888918
0.035888918
0.035888918

0.03603393

0.03603393
0.03603393
0.03603393
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0.03603393
0.03603393
0.03603393

0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393

0.03603393
0.03603393
0.03603393

0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393

0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
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0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393

0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393

0.03603393

0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393
0.03603393

0.03603393
0.03603393

0.03603393

0.036919645
0.036919645
0.036919645
0.036919645
0.037166732
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0.037452482
0.037452482
0.037452482
0.037452482
0.037452482
0.037452482
0.038560325
0.038560887
0.038616912
0.039011373
0.039183206
0.039282162
0.039282162
0.039949062
0.040217774
0.040358173

0.04061902
0.041321681
0.041637576
0.041637576
0.041637576
0.041637576
0.041637576
0.041637576
0.041637576

0.041637576
0.041637576
0.041637576
0.041637576
0.041637576
0.041637576

0.041743566
0.041746008
0.042143439
0.042143439
0.042772993
0.04281681
0.042978031
0.043096181
0.0431527
0.043373976
0.043373976
0.043972701
0.044526376
0.045224562
0.045510009
0.045647224
0.045647224
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0.045647224

0.04565725
0.045805447
0.045988645
0.045988645
0.045988645
0.045988645
0.045988645
0.045988645
0.045988645
0.045988645
0.046810115
0.047763056
0.047763056
0.047958868
0.048133057
0.048271442
0.048271442
0.048271442
0.048271442
0.048915452
0.049420499
0.049420499
0.049724017
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Supplemental material 6. Results from logistic regressions for IOWBC. fdr_p: p-value after controlling F
CpGs Estimate Std. Error z value Pr(>|z[) fdr_p
€g2644276 1.209924 #H##Hi#HH#  4.39229 1.12E-05 #iHiHHEHE
Cg2533770 HEHHRHHE #HHHIHHH 4.231487 2.32E-05 ##HHHHHEHE
CQ1196756 #HHEHHEHHE #HHHIHHI -4.21245 2.53E-05 #iHiHHEHE
cg0539071 -1.06912 ##H#HH#HHH# -4.14369 3.42E-05 #iHHHHHH
cg0001528 #HHHHEHHE #HiHHIHHI 4.079996 4.50E-05 ##HiHHIEHE
cg0163047 1.991511 #HHH###HHH# 4.076104 4.58E-05 ##HHHHHH
cg1672884 1.771771 #H#H#Hi#H#HH# 4.039578 5.35E-05 #iHiHHIHE
cg1102575 HHHHAHHE #HHH#HHH  3.979754 6.90E-05 #HHHHHH
CQ2421140 HEHHEHHE #HHHIHH#  -3.95044 7.80E-05 #iHiHHIEHE
cg0579941 1.284817 ###H##H#HH# 3.942358 8.07E-05 ##HHHHHH
cg1398543 1.176734 #H##H#H#HH# 3.902171 9.53E-05 #iHiHHIHHE
cg1866309 1.437759 #HHH#HHHH 3.805976 #HHHHHHHE HHHHHHH
cg2194711 1.651721 #HHHHHH 3.814853 {HHHEHHIE HHEHHEEHE
cg0120672 -1.31249 #HHHHH#  -3.81101 HHHEHHEE HHEHEEHE
cg1895112 1.101678 ###H#HHIH 3.810043 HHHEHHE HHEHEEHE
Cg2030907 HHEHHEHHE HHHHIHHEE  -3.75131 {HHHEHHEE HHEHERHE
cg1026266 1.66108 ###H##HHIH# 3.750422 HHHEHHEE HHEHEHHE
CQ1581880 #HHHHHHHE HHHHIHHI 3.745916 HHHEHHIE HHEHEEHE
CO2719765 HHEHHRHHE #HHHHIHHIE  3.67932 {HHHEHHEE HHEHEHHE
cg1098309 #HHHHEHHE #HHHHIHHI 3.653549 HHHEHHE HHIHHEEHE
cg2700085 1.153322 #HHH#HHH 3.651176 HHHEHHIE HHEHEHHE
€g1911242 2.064047 #HH#H##H#HIH 3.625193 #HHHEHHE HHIEHHEHE
cg0024796  -1.4071 #HHHIHHHH -3.62389 HHHEHHME HHEHHEHHE
CQ1344316 HEHHEHHE HHHHIHH  -3.6148 {HHHEHHE HHEHEHE
CQ2284T749 HHHEHHRHHE #HHHHIHHHE 3.590993 HHHEHHHE HHEHHEHE
cg0258476 #HEHHEHHE #iHHIHH  3.589601 #HHHEHHEE HHIHHEEHE
CQ2429745 HHEHHRHHE #HHHIHHEE -3.58672 HHHEHHAE HHEHEHHE
cg0121841 #HHHHEHHE #iHHIHHI 3.583589 HHHEHHI HiHIHHIHE
CQ2648999 HHHHHHHE #HHHHIHHIE 3.565469 HHHEHHHE HHHHHHH
€g1427659 -1.51848 #iH#H#HHIH -3.55562 HHHEHHI HHIEHHEHE
cg1081079 #HHEHHREHHE #HHHIHHHE -3.55400 HHHEHHEE HHEHHEHHE
€g1611227 -1.02521 #H#H#Hi#HHI# -3.55196 #HHHEHHE HHEHEEHE
CQ2392667 HHHHHHHE #HHHHHHH  -3.55193 HHHEHHHE HHEHEHHE
cg0660177 -1.15657 #HiHHHHEH -3.483 #HiHHHHEH BT
cg1405211  -1.0138 #HH#H##HHHE -3.47882 HHHHEHHHE HHHHHHHE
cg0145808 1.175925 #iH#Hi#HHIH 3.478521 HHHEHHE HHEHHEHE
CQ2666296 HHHHHHHE #HHHHHHHE  3.47829 HHHEHHHE HHHHHHHE
CO22TATTA HHEHHHEHHE I -3.4TAST {HHHEHHE HHIHHHE
cg0954708 HHHHAHHE #HHHIHHHE — -3.4481 HHHEHHHE HHEHHEHE
cg0599833 HHHHHHHHE #HHHIHHIH  -3.44373 {HHHEHHI HiHHHEH]
CQ2166779 HHHHHHHHE #HHHHHHH — -3.4363 HHHEHHHE HHHHEHH
cg0126463 HEHHEHHE #HHHIHHI  -3.42955 {HHHEHHIE HHEHERH
cg0177274 1.276061 #HH##HHH 3.426366 HHHEHHE HHHEHHE
Cg1363901 HHEHHEHHE #HHHIHHH  -3.40094 {HHHEHHEE HHEHEHHE
€g1443836 1.314736 #i#H##HHIH 3.398414 HHHEHHEE HHEHEEHE
cg0261634 1.309619 ##H#H##HHIH 3.371794 {HHHEHHEE HHEHEHHE
cg1660497 -1.13887 #iH###HHIH -3.36687 HHHEHHE HHIHHEEHE
cg0893773 HHHHHEHHE #HHHHIHHH 3.360751 HHHEHHE HHEHEHHE
CQ1406544 HEHHEHHE HHHHIHH  -3.35409 HHHEHHI HHIHHEHE
cg0926060 #HHEHHAEHHE #HHHIHHH  -3.34853 HHHEHHIE HHEHEHHE
cg0372488 #HHHHHEHHE #HHHIHHI  -3.34594 {HHHEHHI HHIHEHE
cg1435562 -1.04815 #HHHHIHE -3.34327 {HHHEHHEE HHEHHEHHE
cg0961421 1.325313 ##H#H##HHIH 3.327716 #HHHEHHEE HHEHEEHE
Cg2194064 HEHHRHHE #HHHIHHHE 3.322889 HHHEHHIE HHEHEHHE
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cg0238006 #HHHHHIHE HIHHHIHIH  -3.32167 HHHHIHH THHHEHEHE
€g2533626 -1.40085 #H#HHHHHI -3.31246 HHHHHEH HHHHHEHE
cg0167436 HHHHHIHE HiHHHH#  3.310062 #HHHHHHH THHHEHEHE
cQ1495784 tHHHHHIHE HHHHEHI  -3.30121 HHHHEH IHHHEHEHE
cQ1460353 #HHHHHIHE HiHHHIHI  3.294535 HHHHHHH HHHHHEHE
CQ2142290 HHHHHHIHE HHHHIH  -3.28209 #HHHHEH THHHHHEHE
€g2290026 -1.30647 #H#H#H#HH#H#  -3.2735 HHHHIHH HHHHHEHE
CO2715340 #HHHHHIHE HHEHHHEHI -3.26000 FHHHHEH IHHHHHEHE
CQ1249722 HHHHHIHE HHHHEHI  -3.26085 #HHHHEH THHHEHEHE
cg0580477 tHHHHHIHE HHHHIHI  -3.22233 1HHHHIHE IHHHAHEHE
cg0362789 1.112211 #H#HH#HHH# 3.208241 HHHHIHH HHHEHEHE
cg0436322 #HHHHHIHE HHHIHI  -3.20322 1HHHHIH tHHHAHEHE
cg0537155 #HHHHHIHE HHHHIHIH  3.10416 HHHHEH THHHEHEHE
CQ2349827 HHHHHHIHE HHHHHH# 3.176286 #HHHHHHHH# HHHHHHE
€g2212315 1.820183 ##H#H#HH#H# 3.168471 HHHHIHH HHHEHEHE
CQ1276354 HHHHHHIHE HIHHHHH#  -3.16232 HHHHHHH HHHHHHE
CQ2175275 HHHHHIHE HHHHEH  3.153421 HHHHEH HHHEHEHE
CQ2743929 HHHHHHIHE HIHHHHHHHHT 3.146459 HHHHHHHH THHHHHHE
CO2141274 HHHHHIHE HHHHEHI  -3.13573 HHHHEH tHHHEHEHE
CQ22800637 HHHHHIHE HHHH#H#  -3.11181 HHHHHHHE THHHEHHE
cg0547387 HHHHHIHE HHHHEH  -3.00007 HHHHIH HHHEHEHE
cg1258124 1.59697 #H##H###H## 3.083215 #HHHHHHH# HHHHHIHE
cg0013161 #HHHHHIHE HHHHEH  -3.07068 HHHHEH THHHEHEHE
CO1256949 #HHHHHIHE HiHHHHE  -3.00778 HHHHHHHHR HHHHHEHE
cQ1256428 #HHHHHIHE HHAHEHI  -3.06207 HHHHEH THHHEHEHE
CQ2396867 HHHHHIHE HiHHHHH#H# -3.03524 HHHHHHHH HHHHHHE
CQ2256339 HHHHHHIHE HHHHEHI  -3.03078 HHHHEH HHHEHEHE
Cg2063940 HHHHHIHE HiHHHHHH#  -3.02841 HHHHHH THHHEHEHE
cQ1373501 #HHHHHIHE HHHHEHI  3.027789 HHHHHEH HHHHHEHE
cg0232072 #HHHHHIHE HiHHHH#  3.020821 HHHHIHH THHHEHEHE
cQ1279849 tHHHHHIHE HHHHEHI  2.997301 HHHHEHI HHHEHEHE
cg1768697 1.093261 #HH#H#H#H#H 2993222 HHHHHHH HHHHHHE
cg0090309 #HHHHHIHE HHHHEHI  -2.90268 HHHHHEHI HHHHHHEHE
ca1176161 HHHHHIHE i -2.08085 #HHHHHH THHHEHEHE
cg1614900 #HHHHHIHE HHHHEH  2.977318 HHHHEH IHHHEHEHE
cg1790185 HHHHHIHE HHHHIHIH  -2.97553 HHHHHIHH HHHHHEHE
CQ2692032 #HHHHHIHE HHHHIHI  -2.94015 THHHHEH IHHHAHEHE
cg1464950 -1.0398 #HH##H#HH#H#H -2.91858 HHHHIHH HHHEHEHE
cg0726000 -1.03424 i -2.90523 THHHHHI HHHAHEHE
CO2501690 HHHHHIHE HHHHEHIH  -2.87751 HHHHIH THHHEHEHE
CO1671127 tHHHHHIHE HHHHHEH  -2.87745 1HHHHEH IHHHAHEHE
cg0779157 HHHHHIHE HHHHIH  -2.82365 HHHHIH THHHEHEHE
cg0964102 #HHHHHIHE HHHEHI  2.822416 THHHHEHE IHHHHHEHE
CQ1881512 HHHHHIHE HHHHEHI  -2.7T7957 HHHHEH THHHEHEHE
€g2099503 1.164393 #H##H##H###H 2.751953 #HHHHHHHHE HHHHHHE
cg0252342 HHHHHIHE HHHHEHI  -2.72081 HHEHEH IHHEHEHEHE
cg0925977 HHHHHHIHE HiHHH#H#  -2.65339 #HHHHHHHHH HHHHHHE
CQ1292727 tHHHHHIHE HHHHEHI 2.626394 HHHHHEH HHHEHEHE
cg0971654 #HHHHHIHE HiHHHHHHH# 2190304 HHHHHHHH HHHAHHE
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Supplemental material 7. Results from logistic regressions for MICS. fdr_p: p-value after controlling FDI

CpGs Estimate Std. Error z value Pr(>|z[) fdr_p

cg1597559 -12.5817 3.541152 -3.55299 #HHHHHHH# HHHHHHHHE
€g2633576 -8.23082 2.350119  -3.5023 #H#HH##H#H#H HHHHHHIHE
cg1944341  -4.1202 1.180302  -3.4908 #HHHHHHHH#] 1HHHHHHHE
cg0589604 -4.30589 1.240768 -3.47034 #HHH#HH#HH#H HHHHHHHE
€g2302281 -8.96708 2.596212 -3.45391 ##HH#H#H#E HHHHHHHE
cg0769651 -11.9875 3.482893 -3.44182 #HHHH#HH#HH#H HHHHHHIHE
cg0269109 -12.1116 3.525846 -3.43508 #H#H##H#H#HH] HHHHHHHE
cg1497523 -9.80025 2.854652 -3.43308 #HHH#HH#HHH HHHHHHE
cg0791534 -6.88168 2.007186 -3.42852 #HH##H#H#H#] HHHHHHHHE
cg1057190 -8.64606 2.532949 -3.41344 #HiHHH#HHHHH HHHHHHE
cg0187633 -3.17867 #H####### -3.39308 #HHHHHHHH] HHHHHHHE
€g2438271 -5.67553 1.678306  -3.3817 #HHHHHHHH HiHHHEHH
cg0493138 -5.73999 1.698599 -3.37925 ###H##HH#HH HHHHHHHE
cg1344585 -7.94349 2.352884 -3.37607 #HHHHHH HHHHHHH
cg0034786 -8.53775 2.530375 -3.37411 #HHHHHH#HE HHHHHHHE
€g2393361 -4.43835 1.318237 -3.36688 #HHHHHHIH 1HHHHHHH
€g1959227 -5.11565 1.522217 -3.36065 #H##H#H#H###HH] HHHHHHHE
€g2670306 -9.81362 2.922075 -3.35844 #HHHHHH HHHHHHHE
cg0838880 -11.6721 3.476548 -3.35737 #HiHHHH#H#HH HHHHHHHE
cg1245153 -3.44241 1.027459 -3.35041 #HHHHHHH# HHHHHHHE
cg1781873 -8.11715 2.424473 -3.348 {HHHHHHHE HIFHEHHEH
cg2078802 -9.10051 2.72161  -3.3438 #HHHHHHH# 1HHHHHHH
cg1419102 -9.3466 2.796984 -3.34167 #HiHH#HHHHH HHHHHHHE
cg1898262 -10.7838 3.231538 -3.33704 #HHHHHH 1HHHHHHHE
cg1513271 -5.44567 1.632446 -3.33589 #HHHHHHHH HHHHHHHE
cg1782600 -9.51084 2.8558 -3.33036 #iHiHEHHE HIFHEHHEHE
cg0595021 -6.537 1.967554  -3.3224 #HHHHIHE HEHHEHEE
cg0334253 -2.84957 ##H#H##H#HH# -3.30938 #HHHHHHH HHHHHHHE
cg1481244 -5.95717 1.806036 -3.29848 #HiH##H#H#H HHHHHHIHE
cg1802583 -4.76089 1.444863 -3.29505 #H#HHH#HH#HHH#] HHHHHHHH
€g2191999 -8.31737 2.531398 -3.28568 ###H#H#H#HHH HHHHHHIHE
cg0059672  -3.3843 1.030528 -3.28404 #HHHHHHHH# HHHHHHHE
cg0944098 -6.67301 2.032953 -3.28242 #H#HH#HH#HH#H HHHHHHHE
cg1987862 -2.45559 ###H###HHH# -3.28132 #HHHHHHH HHHHHHHE
cg0876677 -7.6314 2.326301 -3.28049 #HH#H#H#HH#H HHHHHHIHE
cg0025460 -7.34837 2.241816 -3.27787 ] HHHHHHHE
cg0531541 -7.06187 2.154927 -3.27708 #HHH#H##H# HHHHHHHE
cg0116977 -4.85192 1.480618 -3.27696 #H#HH##H#H#H# HHHHHHHE
€g2534322 -9.39202 2.869022  -3.2736 #HHHHHHHH HHHHHHIHE
cg0634620 -6.6538 2.03302 -3.27286 #HH#H##HH#HE HHHHHHHHE
cg0309628 -11.7347 3.585952 -3.27241 #HHHHHHH HiHHHHEHH
cg0410273  3.20202 ######## 3.269423 #HHHHHHHH] HHHHHHHE
€g2412116 -5.35294 1.638624 -3.26673 #HHHHHHIH HHHHHHH
€g2304540 -4.79336 1.46776 -3.26576 #HHHH#H#H#HH] HHHHHHHE
cg1417241 -5.19951 1.592257 -3.26549 #HHHHHHI# HHHHHHH
€g2502169 -10.2054 3.128995 -3.26157 #HHH#H##H#H#] HHHHHHHE
cg0207355 -4.52441 1.387429 -3.261 {HHHEHHHHE HEHEHEH
cg0017712 -5.69109 1.746701 -3.25819 #HHHH####H#] HHHHHHHE
cg0222578 -8.24732 2.531922 -3.25734 #HHHHHH 1HHHHHHHE
cg0541490 -2.88935 ########  -3.2573 #HHHHHHHE HHHHHHE
cg1420807 -7.37492 2.264429 -3.25686 #HiHHHHHH 1HHHHHHH
cg1398105 -4.82871 1.482787 -3.25651 #HHHH#H#H#H#H HHHHHHIHE
cg1564475 -4.55847 1.402153 -3.25105 #HHHHHH# HHHHHHH
€g2034150 -5.34004 1.645844 -3.24456 #HiHHHH#HHHH#HE HHHHHHE

https://mc04.manuscriptcentral.com/fm-epi



€g2636276
cg1584719
€g2752053
€g2030937
€g2318450
cg0567343
cg0405196
€g2054456
cg2075231
€g2598354
cg0710851
cg0233134
cg0632255
cg0861181
cg1741450
cg2611844
cg1508287
€g2482098
cg1768244
€g2235379
cg1561109
cg0254674
cg0205091
€g2296313
cg1036678
cg0049821
cg0451500
cg0384858
cg1613157
cg0500538
cg0331893
cg1701721
cg1183994
cg1175349
cg1541220
€g1356180
cg1322831
cg0681118
cg1617950
cg1726765
cg0490314
€g2613596
cg0522465
€g2016583
cg1037595
cg0682725
cg1728624
cg1780154
cg1560499
cg0436910
cg0600589
cg1477605
cg0431984
cg0486681
€g2678582
cg0948064

-5.72678
-8.72547
-4.83681
-7.06572
-13.7786
-8.64065
-8.69468
-5.03922

-7.6381
-5.05163
3.365389
-8.01218
-4.72479
-4.00322
-11.2196
-5.40112
-5.74497
-7.88045
-7.99983
-7.72586
-6.84461
-7.95934
-6.48222
-5.35793
-3.49021
-4.80242
-3.67396
-8.87453

-12.647
-2.46308
-7.55408
-5.16197
3.669411
-6.54927

-6.6676
-5.11132
-6.44075
-10.6457
-4.35236
-6.61273

-8.0518
-5.98864

-3.2846

-6.5369
-8.25008
-7.74456
-4.24657
-4.90266
-6.07463
-9.34457
-5.25372
-6.18992

-6.6297
-8.67986
-71.27326
-8.76045

1.765725
2.691506
1.492881
2.183855
4.268999
2.680181
2.705989
1.57169
2.383582
1.576523
1.050591
2.501801
1.477563
1.252001
3.509221
1.69248
1.802118
2.474801
2.512782
2.428524
2.151639
2.502614
2.041763
1.687885
1.100005
1.515852
1.159851
2.802072
3.997958
HiHEHHAE
2.390956
1.634499
1.162025
2.074283
2.114269
1.621452
2.045037
3.38121
1.384289
2.10484
2.566941
1.909852
1.049103
2.088506
2.638023
2477202
1.358496
1.569363
1.945864
2.993543
1.683996
1.987616
2.129573
2.788335
2.340383
2.820152

-3.2433
-3.24185
-3.23992
-3.23543

-3.2276
-3.22391
-3.21312
-3.20624
-3.20446
-3.20429

3.203329
-3.20256
-3.19769
-3.19746
-3.19717
-3.19125

-3.1879
-3.18428
-3.18365

-3.1813
-3.18111
-3.18041
-3.17481
-3.17434

-3.1729
-3.16814
-3.16761
-3.16713
-3.16337
-3.16278
-3.15944
-3.156814

3.157772
-3.15736
-3.15362
-3.16231
-3.14945
-3.14849
-3.14412
-3.14168
-3.13673
-3.13566
-3.13086
-3.12994
-3.12737
-3.12634
-3.12593
-3.12398
-3.12182
-3.12158
-3.11979
-3.11424
-3.11316
-3.11292
-3.10772
-3.10638
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€g2204791
cg1418003
cg0299798
cg0604657
cg0380307
cg0765719
cg2318774
€g2131033
€g2731854
cg0699876
cg1406872
cg1442348
cg0829300
cg1881031
cg0316299
cg2473091
cg1060197
€g2229126
cg1348695
cg1996154
cg0735665
€g2129233
€g2259138
cg2601180
cg0016811
cg0942803
cg2021105
€g2207726
cg1553266
€g2134014
cg1947159
€g2468728
€g2498577
cg0492384
Cg2547776
cg0628349
cg0809039
€g2714700
€g2648380
€g2021277
€g2574951
€g2747994
cg0862856
cg0869919
€g2282519
€g2272946
cg0004337
cg1360151
cg0057830
cg1392364
cg1181940
cg0291355
cg0494254
cg1988906
cg0418017
cg0483387

-3.38177
-2.95044
-3.14551
-3.75473
3.586652
-3.28095
-8.84466
-4.07129
-5.59515

-5.2971
-1.88233
-4.69161
-5.18127
-4.91688
-3.98735
-5.08412
-7.55019
-3.88066

-7.1659
-2.54172
-5.78691
-4.59967

-5.3308
-4.35654
-6.17744
-3.84653
-4.45484
-2.85861
-6.68511
-3.52389
-4.69861
-5.62121
-3.65614
-4.39391
-10.4427
-3.71715
-4.98417
-4.97084
-6.17793

-6.2298
-8.70909
-5.57729
-4.28939
-5.85738
-6.28659
-3.64666
-4.60196
-3.96515
-7.43898
-8.10666
-8.35742
-6.89022
-6.27074
-4.80277
-4.33851
-7.00949

1.088773
HEHEHEHHE
1.01353
1.210203
1.15677
1.058449
2.856275
1.314972
1.808274
1.71195
HiHEHEHAE
1.516733
1.675391
1.590227
1.289878
1.644826
2.443029
1.255989
2.319565
I
1.875899
1.491263
1.730932
1.41517
2.007279
1.250304
1.449815
HHHEHHHE
2177536
1.148059
1.531282
1.833007
1.193816
1.435036
3.411963
1.214893
1.629809
1.626574
2.024115
2.041484
2.854573
1.828502
1.406798
1.921302
2.064579
1.197648
1.512316
1.304688
2.448009
2.668128
2.750806
2.267919
2.06634
1.582679
1.431111
2.31357

-3.10604

-3.1041
-3.10352
-3.10256
3.100574
-3.09977
-3.09657

-3.0961
-3.09419
-3.09419
-3.09329
-3.09323
-3.09258
-3.09193
-3.09126
-3.09098

-3.0905
-3.08972
-3.08933
-3.08799
-3.08487
-3.08441
-3.07973
-3.07846
-3.07752
-3.07647

-3.0727
-3.07168
-3.07003
-3.06944
-3.06842
-3.06666
-3.06256
-3.06188
-3.06062
-3.05966
-3.05813
-3.05602
-3.056217

-3.0516
-3.05093
-3.05019
-3.04905
-3.04865
-3.04498
-3.04485
-3.04299
-3.03916
-3.03879
-3.03833
-3.03817
-3.03812
-3.03471
-3.03458
-3.03157
-3.02973
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cg1060116
cg0464392
€g2495222
cg0394603
cg0933720
cg0734264
cg1164964
cg1429878
cg0216509
cg1947734
€g2713743
cg0898894
cg1031363
cg0988655
cg1345330
cg1359109
cg0589336
cg0089087
cg1853032
cg0329228
cg0576756
cg0726900
cg0654535
cg0785719
€g2184955
cg0835663
cg0026234
€g2027400
cg1065205
cg0908447
cg1788432
cg1393055
cg1413097
cg0993689
cg1321414
€g2557896
cg1538035
€g2521640
cg0730196
cg1409576
cg0635455
cg1373994
cg0128171
€g2345668
€g2217728
cg1750801
cg0239202
cg0317192
€g2666359
cg0353971
€g2338555
cg1561770
cg1561558
cg0887367
cg0943391
cg0772908

-5.45607
-6.95049
-3.86116
-6.45977
-4.59527
-5.56235
-6.27964
-5.35545
-8.77461
-2.02693
-3.83847
-8.81747
-6.50027
-6.64442
-5.82654
-7.57382
-4.24221
-7.03128
-7.03279
-7.02599
-4.53669
-5.36898
4.479378
-4.27629
-7.20588
-4.99168
-4.17698
-7.96985
-8.80318
-4.01278
-3.00588
-5.74143
-3.7323
-3.89461
-6.45125
-5.976
-6.02407
-4.84831
-5.46651
-7.20107
-6.21436
-9.18703
-5.44694
-7.59274
-3.88111
-4.44846
-8.2924
-5.57896
-6.44215
-5.26082
-4.53262
-5.91164
-3.37704
-7.84259
-5.28721
-8.8094

1.801664
2.295715
1.275804
2.134862
1.518776
1.839796
2.077955
1.772271
2.903863
HEHEHHHE
1.272951
2.924322
2.159369
2.208292
1.93757
2.519714
1.411735
2.339991
2.341708
2.339634
1.511281
1.788757
1.492883
1.425491
2.403049
1.665749
1.395002
2.662246
2.942708
1.341809
1.005297
1.922398
1.25049
1.307548
2.16602
2.006772
2.023278
1.628669
1.838186
2.421593
2.089813
3.09168
1.834386
2.55737
1.307231
1.498515
2.794298
1.880233
2.171892
1.773684
1.528314
1.995173
1.140512
2.650227
1.786774
2977079

-3.02835
-3.02759
-3.02645
-3.02585
-3.02564
-3.02335
-3.02203

-3.0218

-3.0217
-3.01673
-3.01541
-3.01522
-3.01026
-3.00885
-3.00714
-3.00582
-3.00496
-3.00483
-3.00328
-3.00303
-3.00189
-3.00151
3.000487
-2.99987
-2.99864
-2.99666
-2.99425
-2.99365
-2.99152
-2.99057
-2.99004

-2.9866
-2.98467
-2.97856
-2.97839
-2.97792
-2.97738
-2.97686
-2.97386
-2.97369
-2.97365
-2.97153
-2.96935
-2.96897
-2.96896
-2.96858
-2.96761
-2.96716
-2.96615
-2.96604
-2.96576
-2.96297
-2.96098
-2.95921
-2.95908
-2.95907

https://mc04.manuscriptcentral.com/fm-epi

Epigenomics

HEHEHHHE
HEHEHEHE
HEHEHEHAE
HEHEHEHEE
HEHEHEHAE
HEHEHHHE
HEHEHEHA
HEHEHHH
HEHEHEHA
HEHHH
HEHEHEHA
HEHHEH
HEHEHHA
HHHEHEHHE
HEHEHEHA
HHHEHEHHE
HEHEHHA
HHHEHEHHE
HEHEHEHA
HHHEHHHE
HEHEHHEE
HEHEHHHE
HEHEHHHHE
HHHEHHHE
HEHEHHHHE
HEHEHHHE
HEHEHHHEE
HHHEHHHHE
HEHEHHHE
HEHEHHAE
HEHEHHHEE
HEHEHHAE
HEHEHHE
HEHEHHAE
HEHEHHHHEE
HEHEHHA
HEHEHHH
HEHEHEHA
HEHEHHH
HEHEHEHA
HEHHIEH
HEHEHHA
HEHHHE?
HEHEHHHE
HHHEHEHHE
HEHEHHAE
HHHEHHHE
HEHEHEHH
HEHEHEHHE
HEHEHHHE
HHHEHHHE
HEHEHEHHE
HHHEHHHE
HEHEHEHHE
HHHEHHHE
HEHEHEHEE

HEHHHHH
HEHHHHH
HEHHHH
HEHH
HEHHHHH
HEHE
HEHHHH
HEHB I
HEHHHH
HEHB I
HHEHHHHE
HEHB I
HEHHHH
HHEHHHHHH
HEHHHH
HEHHHHH
HEHHHHE
HEHHHHH
HEHHHHE
HEHHHHH
HEHHHHH
HEHHHHH
HEHHHHE
HEHHHHH
HEHHHHHE
HEHHHH
HEHHHHHE
HEHHHHH
HEHHHHH
HHHHHH
HEHH
HEHHHH
HEHH
HEHHHHH
HEHEHHH
HEHHHH
HEHH
HEHHHHE
HEHB I
HEHHHH
HEHE I
HEHHHH
HEHB ]
HEHHHHE
HHEHHHHHH
HEHHHHE
HEHHHHHH
HEHHHHE
HHEHHHHH
HEHHHHH
HEHHHHH
HEHHHHE
HEHHHHH
HEHHHHHH
HEHHHHH
HEHHHHHH

Page 108 of 114



Page 109 of 114

cg2088744
cg1577027
cg1417284
cg1109493
cg1088303
€g2667988
cg1651783
€g2262685
cg0387026
cg0960192
€g2555808
cg1872774
€g2384257
cg2271021
cg1044142
cg0744874
€g1885269
cg1982985
cg1355273
cg0747120
cg0646266
€g1995453
€g2448651
cg0433368
€g1267342
€g2421343
cg1019488
€g2059521
cg0698127
cg1433333
€g2359656
€g2191066
cg1555188
cg0272817
€g2248858
cg2083417
cg0596823
€g1626472
cg1052407
cg1851722
cg1247790
€g2560499
€g2615336
cg1043094
cg0820402
€g2305521
cg0366620
€g2636409
€g2533220
€g2029969
€g2237350
cg0118991
cg0288966
€g2477372
cg1973373
€g1995629

-6.98469
-5.07563
-6.33078

-4.0243
-7.60371
-6.43244
-6.13048
-6.68569

-3.8568
-6.97703
-6.94187
-3.31466
-6.24947
-3.82562
-3.73989
-7.95856
-3.30861
-1.94981
-3.79393
-4.05789
-3.44232
-2.93616
-5.44243
-5.15333
-5.05188
-5.51645
-6.86469
-4.01791
-2.87933
-5.99077
-5.23714
-3.63871
-5.53387
-6.65974
-4.20228
-4.00027
-4.56086
-4.46629
-4.66146
-2.24869
-4.07378
-3.59545
-4.93358

-5.7371
-3.98837
3.185933
-5.68264
-8.28604
-6.35897
-4.50184
-7.53819
-5.72985
-3.92843
-4.90669
-4.53145
-6.84555

2.360647
1.715801
2.140394
1.361101
2.57286
2177744
2.076481
2.264701
1.307118
2.365737
2.357726
1.125977
2.126127
1.302505
1.27339
2.710042
1.126842
HHHHHHHE
1.292619
1.382902
1.173201
1.001542
1.857632
1.75927
1.728645
1.888738
2.350768
1.376226
HEHEHEHHE
2.054702
1.796405
1.249253
1.900644
2.287511
1.443481
1.374135
1.566867
1.535302
1.604594
HEHEHEHAE
1.403228
1.238613
1.699619
1.976769
1.374755
1.098366
1.961409
2.860051
2.196148
1.554844
2.605301
1.980554
1.358264
1.6976
1.56881
2.370066

-2.9588
-2.95817
-2.95776
-2.95665
-2.95535
-2.95372
-2.95234
-2.95213
-2.95061

-2.9492
-2.94431

-2.9438
-2.93937
-2.93712
-2.93695
-2.93669
-2.93618
-2.93611
-2.93507
-2.93433
-2.93412
-2.93164
-2.92977
-2.92924
-2.92245
-2.92071
-2.92019
-2.91951
-2.91734
-2.91564
-2.91534

-2.9127
-2.91158
-2.91135
-2.91121
-2.91112
-2.91081
-2.90906
-2.90507
-2.90402
-2.90315

-2.9028
-2.90276
-2.90226
-2.90115

2.900612
-2.89722
-2.89716
-2.89551
-2.89537

-2.8934
-2.89305
-2.89225
-2.89037
-2.88846
-2.88834
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cg0129101
cg0556764
cg1331697
cg1408734
cg1075046
cg0523387
€g2279692
cg0894066
€g2003545
cg0303463
cg0852334
cg1607044
cg0883619
cg0935947
€g2350613
cg1797209
cg1671127
cg0471942
cg0475789
cg1747358
cg0837119
cg2211764
cg0016672
cg1801123
€g1269908
cg0412930
cg1974799
cg1164290
€g2716756
cg1782029
cg1759534
cg0126566
cg0922397
cg0030139
cg1817326
cg0255692
€g2512912
cg1391139
€g1962665
cg0389951
cg0417274
€g2368726
€g2090055
cg0870840
cg1508264
€g2369453
cg0651877
cg0433753
cg0982103
cg1471284
cg0374950
€g2703634
€g2097929
€g2590266
cg0831219
€g2545427

-5.24858
-4.63195
-5.64244
-6.11141
-3.31598
-7.16663
-3.07652
-3.52599
-3.92692
-3.69657
-5.51459
-3.70148
-5.70071
-3.16239
-6.37699
-2.79236
-4.61132
-3.74013
-4.80157
-4.8694
-4.75404
-5.78455
-2.74959
-7.22882
-4.30828
-4.8843
-5.08951
-4.38532
-6.98722
-2.86253
-2.94252
-4.20681
-6.43393
-4.60599
-3.77385
-5.96666
-3.11672
-4.0936
-4.14306
-7.4189
-3.79551
-6.06443
-6.19422
-3.17667
-6.18101
-3.89264
-4.56378
2.031854
-5.06897
-3.59938
-5.40349
-1.26922
-3.70649
-5.017
-3.47487
-4.65299

1.817237
1.604549
1.954751
2.118095
1.149567
2.48728
1.067911
1.224093
1.363553
1.283609
1.915546
1.285771
1.981665
1.09964
2.225164
HiHHHHHH
1.610251
1.306134
1.67694
1.701086
1.660788
2.02145
HEHHHEHHE
2.528006
1.507741
1.709801
1.781992
1.536151
2.450819
1.004373
1.032872
1.477496
2.260117
1.618514
1.326294
2.09704
1.095993
1.4412
1.459919
2.614825
1.338752
2.139358
2.185798
1.121173
2.182483
1.374733
1.61256
HEHHHEHAE
1.794082
1.274403
1.915557
HEHHHEHHE
1.315437
1.780681
1.234099
1.653373

-2.88822
-2.88676
-2.88653
-2.88534
-2.88454
-2.88131
-2.88088

-2.8805
-2.87992
-2.87983
-2.87886

-2.8788
-2.87673
-2.87584
-2.86585
-2.86504
-2.86373
-2.86351
-2.86329
-2.86252
-2.86252
-2.86158
-2.86141
-2.85949
-2.85744
-2.85665
-2.85608
-2.85474
-2.85097
-2.85007
-2.84887
-2.84726
-2.84672
-2.84581
-2.84541
-2.84528
-2.84374
-2.84041
-2.83787
-2.83725
-2.83511
-2.83469
-2.83385
-2.83335

-2.8321
-2.83156
-2.83015
2.828691
-2.82538
-2.82437
-2.82084

-2.8188
-2.81769
-2.81746
-2.81571
-2.81424
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cg1133345
cg1776748
€g1955204
€cg2757473
cg0370725
€g2198127
cg0032890
cg0915138
cg0546534
cg1072486
€g1929399
cg1387680
€g1489723
cg1472474
cg0171806
cg0872786
cg2501798
€g1822345
cg0774432
cg1503476
€g2437121
cg1107017
cg0170779
cg1208747
cg2072874
cg1557605
cg0512295
cg1906356
cg1153243
€g2178039
€g2392931
cg0432602
cg1752677
€g1297186
cg1714356
€g1366067
cg1549772
€g2746973
cg0056255
cg1600761
cg0753791
cg0244610
€g2519172
cg0485108
cg1426643
cg1745763
cg0714874
cg0589501
€g2641235
cg0532931
cg0669274
€g2504686
€g2154928
€g2325894
cg1735673
cg0200258

-2.69531
-6.48644
-3.0647
-5.5441
-3.43233
-3.04407
-3.21151
-3.1994
-7.23085
-3.61073
-3.20964
-5.38146
-3.29934
-3.38798
-2.42042
-3.21922
-4.04002
-4.5445
-3.55531
-2.82941
-3.82836
-5.61212
-1.15919
-7.24207
-7.2519
-4.29752
-4.15
-4.64927
-1.76594
-3.27443
-2.97355
-5.39666
-6.052
-3.70277
-3.0998
-3.56254
-2.85776
-2.44994
-2.72038
-3.79172
-3.64392
-3.15807
-4.73198
-5.5971
-3.99872
-2.2816
-4.01846
-6.12227
-3.94671
-7.26011
-4.16766
-5.10188
-4.4789
-5.21534
-8.056332
-4.73477

HHHEHHHE
2.308485
1.090786
1.974058
1.222355
1.084378
1.144119
1.140652
2.582262
1.290456
1.147398
1.924532
1.181782
1.214953

HEHHHEHAE
1.165345
1.450642
1.632406
1.277425

1.01695
1.377734
2.020185
HEHHHEHHE
2.6077
2.612229
1.548166
1.496554
1.677201

HEHEHEHHE
1.181956
1.073888
1.963225
2.190779
1.341541
1.123103

1.29295
1.03727

HiHEHEHAE

HEHEHHHE
1.378997
1.325547
1.149044
1.722329
2.038568
1.457306

HEHHHEHAE
1.466414
2.235718
1.441986
2.654652
1.524035
1.866399
1.638589
1.911065
2.955844
1.738722

-2.81047
-2.80983
-2.80962
-2.80848
-2.80797
-2.8072
-2.80697
-2.80489
-2.8002
-2.79802
-2.79732
-2.79624
-2.79184
-2.78857
-2.78854
-2.78638
-2.78499
-2.78393
-2.78318
-2.78226
-2.77874
-2.77802
-2.7774
-2.77719
-2.77614
-2.77588
-2.77304
-2.77204
-2.77166
-2.77035
-2.76895
-2.76295
-2.76249
-2.76009
-2.76003
-2.75536
-2.75508
-2.75303
-2.75198
-2.74962
-2.74899
-2.74844
-2.74743
-2.7456
-2.74391
-2.74149
-2.74033
-2.73839
-2.737
-2.73486
-2.73462
-2.73354
-2.73339
-2.72902
-2.72454
-2.72313
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€g2476704
€g1399450
€g2610464
cg0780342
€g2639353
cg0305866
cg0807315
€g2124819
€g2607574
€g2566403
€g2024053
€g2559808
cg1106311
cg0731706
€g2015332
cg0384113
cg0129348
cg0556894
cg0946631
cg1775268
cg0143017
€g2196276
€g1692865
cg1358147
€g2640793
cg1401254
cg0857991
cg1205901
cg1540638
€g2418402
cg0543604
€g1253888
cg0009823
cg0371088
€g1586235
cg0248412
cg0776979
cg0312789
€g2500469
cg1463918
cg2176014
€g2306642
cg1290557
cg0004959
cg0091653
cg1418152
cg1462414
€g2248995
cg1400770
cg1450877
cg0067233
cg0648996
cg1036812
€g2326236
€g2726489
cg0489453

-2.9925
-3.99965
-5.51346
-4.14688
-3.05701
-2.83982
-6.57511
-3.13665
-3.25515
-3.73359
-4.22178
1.417619
-4.02636
-1.81799
-7.63683
-3.82057
-4.68619
-3.79154
-4.48047
-4.92877

-3.4244
-4.98182
-4.19491
-3.87996
-9.14679
-6.88428
-2.55526
-4.28945
-4.16642
-2.34242
-2.78079

-4.7962
-3.56157
-3.85183
-3.74149
-5.30791
-3.66902
-4.11469
-2.49877
-3.62798
-3.07534
-3.25358
-4.75135
-2.40187
-2.74862
-3.59445
-2.03154

-3.6328
-6.28595
-4.85825
-2.86555
-4.60395
-2.60344
-3.24291
-5.02598
-2.81347

1.100098
1.471777
2.031204
1.527806
1.126562
1.047267
2.428043
1.158314
1.203062
1.383071
1.563923
HEHEHHHE
1.494563
HiHRHHHHH
2.837975
1.420478
1.745924
1.412744
1.671195
1.840597
1.279209
1.865683
1.572429
1.456148
3.435818
2.58662
HEHHHEHHE
1.613579
1.567699
HiHEHHAE
1.047557
1.807616
1.342567
1.453115
1.413414
2.005239
1.386351
1.56597
HEHEHHHE
1.375748
1.168705
1.238691
1.810279
HEHHHEHAE
1.049007
1.373504
HiHRHHHHH
1.389287
2.404167
1.85906
1.099086
1.767574
1.002325
1.248721
1.935406
1.083445

-2.72021
-2.71757
-2.71438
-2.71427
-2.71358
-2.71165
-2.70799
-2.70795
-2.70572
-2.69949
-2.69948
2.694911
-2.69401
-2.6928
-2.69094
-2.68964
-2.68407
-2.68381
-2.681
-2.67781
-2.67696
-2.67024
-2.66779
-2.66453
-2.66219
-2.6615
-2.65941
-2.65834
-2.65767
-2.65565
-2.65455
-2.65333
-2.65281
-2.65074
-2.64713
-2.64702
-2.64653
-2.64445
-2.6421
-2.6371
-2.63141
-2.62663
-2.62465
-2.6219
-2.62021
-2.61699
-2.615
-2.61487
-2.61461
-2.61328
-2.60721
-2.60467
-2.5974
-2.59699
-2.59686
-2.59679
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€g2688371
cg0514773
cg1564838
€g1952635
€g2220830
cg1599154
cg0420812
cg1503046
€g2635346
cg0463815
cg0000222
cg1352100
€g2048504
cg1524979
cg0221938
cg0259055
cg1670002
€g2351981
cg0528729
€g2732330
cg0933114
cg0736369
€g2363588
cg0978731
cg0187473
cg0412027
cg0336930
cg0199162
cg0562451
cg1160059

-2.56487
-4.49962
-2.44469
-3.75442
-3.30948
-2.36017
-2.74505
-2.42705
-2.90822
-2.94428
-4.13597

-3.5809
-2.94541
-3.74245
-3.70743
-3.09064
-1.63202
-4.56752
-3.33425
-2.72339
-2.24102
-2.61689
-2.89666
-4.83473

-4.5235
-1.99641
-2.01589
-4.13527
-2.52576

-2.0591

HHHEHHHE
1.738887
HEHEHEHHE
1.455668
1.283941
HEHHHEHHE
1.075223
HEHHHHHE
1.140637
1.157417
1.632853
1.414384
1.167598
1.485409
1.473902
1.230973
HEHHHEHHE
1.825653
1.3333
1.093691
HEHHHEHHE
1.05695
1.172073
1.96669
1.849243
HHHEHHHE
HEHHHEHHE
1.721495
1.076706
HiHEHHAE

-2.59527
-2.58764
-2.58642
-2.57917

-2.5776
-2.56368
-2.55301
-2.55165
-2.54965
-2.54384
-2.53297
-2.53177
-2.52262
-2.51947
-2.51538
-2.51073
-2.50424
-2.50186
-2.50075
-2.49009
-2.48936
-2.47589

-2.4714
-2.45831
-2.44614
-2.43313
-2.41952
-2.40214
-2.34582
-2.26346
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