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ABSTRACT
Cord blood DNA methylation is associated with numerous health outcomes and environmental exposures.
Whole cord blood DNA reflects all nucleated blood cell types, while centrifuging whole blood separates
red blood cells, generating a white blood cell buffy coat. Both sample types are used in DNA methylation
studies. Cell types have unique methylation patterns and processing can impact cell distributions, which
may influence comparability. We evaluated differences in cell composition and DNA methylation between
cord blood buffy coat and whole cord blood samples. Cord blood DNA methylation was measured with
the Infinium EPIC BeadChip (Illumina) in eight individuals, each contributing buffy coat and whole blood
samples. We analyzed principal components (PC) of methylation, performed hierarchical clustering, and
computed correlations of mean-centered methylation between pairs. We conducted moderated t-tests on
single sites and estimated cell composition. DNA methylation PCs were associated with individual (PPC1 =
1.4 £ 10¡9; PPC2 = 2.9 £ 10¡5; PPC3 = 3.8 £ 10-5; PPC4 = 4.2 £ 10-6; PPC5 = 9.9 £ 10-13, PPC6 = 1.3 £ 10¡11)
and not with sample type (PPC1-6>0.7). Samples hierarchically clustered by individual. Pearson correlations
of mean-centered methylation between paired samples ranged from r = 0.66 to r = 0.87. No individual site
significantly differed between buffy coat and whole cord blood when adjusting for multiple comparisons
(five sites had unadjusted P<10¡5). Estimated cell type proportions did not differ by sample type (P =
0.46), and estimated proportions were highly correlated between paired samples (r = 0.99). Differences in
methylation and cell composition between buffy coat and whole cord blood are much lower than inter-
individual variation, demonstrating that both sample preparation types can be analytically combined and
compared.

KEYWORDS
DNA methylation; epigenetic
epidemiology; cord blood;
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Introduction

Early life epigenetic epidemiology is a highly promising and
productive area of research [1–3]. Prenatal environmental
exposures may influence epigenetic factors, such as DNA meth-
ylation, which serves as a useful biomarker of previous expo-
sures and conditions [4,5]. Similarly, DNA methylation at birth
is also associated with birth outcomes and may mediate
impacts on health outcomes later in life [6]. Biological samples
collected at birth allow for the investigation of epidemiological
links between exposures, epigenetic changes through DNA
methylation, and health. Cord blood collected at birth is often
used as a proxy tissue in methylation studies on infants. Cord
blood DNA methylation has been associated with numerous
health outcomes and environmental exposures [7–13].

Cord blood contains a mixture of DNA from multiple leuko-
cyte cell types including granulocytes, other white blood cells,
and nucleated red blood cells present in fetal life. Nucleated red
blood cells only continue to be present in infant blood for a few
days after birth [14]. In contrast, non-nucleated red blood cells

do not contribute DNA to methylation measures. Since cord
blood cell types have unique methylation patterns [15–17], dif-
ferential cell proportions across samples highly influence DNA
methylation measures and can confound analyses if related to
variables of interest [18].

Critical to epidemiological testing and interpretation, blood
sample processing impacts cell composition. DNA isolations
from whole cord blood, commonly collected in anti-coagulant
tubes (containing heparin or EDTA), reflect all nucleated cell
types, including nucleated red blood cells. Some investigators
elect to centrifuge the whole blood, generating a buffy coat of
white blood cells (including granulocytes) separated from red
blood cells. These two methods are the most commonly used
for processing cord blood in epigenetic epidemiology. A third
processing method, beyond the scope of this study, involves
density centrifugation (e.g. with Ficoll), to isolate cord blood
mononuclear cells (CBMCs), removing both granulocytes and
red blood cells [19]. An important consideration is the fate of
fetal nucleated red blood cells in processing methods. These
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uniquely hypomethylated cells interact with white blood cells,
forming doublets that can result in cross-contamination during
fluorescence-activated cell sorting [16]. Furthermore, in density
centrifugation of newborn blood, the mononuclear cell layer is
visibly contaminated with red blood cells appearing pink, while
the corresponding layer in adult blood is white [19]. These
observations suggest buffy coat separation may not successfully
remove nucleated red blood cells, minimizing impacts on cell
composition.

Replication across studies is an essential component of epige-
netic epidemiology, but the comparability across sample process-
ing methods has not yet been tested. Therefore, it is important to
experimentally test the effect of cord blood sample processing on
the cellular composition and thus the DNA methylation of sam-
ples commonly used for epidemiological measures. We exam-
ined differences in cell proportions and DNA methylation by
whole cord blood or cord buffy coat sample types. We hypothe-
sized that since nucleated red blood cells can stick to white blood
cells, buffy coat samples will be similar in cell composition and
DNA methylation to whole cord blood samples.

Methods

Study sample

The Early Autism Risk Longitudinal Investigation (EARLI) is a
pregnancy cohort study that recruited mothers who already
had a child diagnosed with autism spectrum disorder (ASD).
Full details of the study have been previously described [20].
Informed consent was obtained from all participants. This
study was approved by Institutional Review Boards at all study
sites (Johns Hopkins University, Drexel University, UC Davis,
Kaiser Permanente) and the secondary analysis site (University
of Michigan). Demographic characteristics, such as race, were
self-reported throughout pregnancy. At birth, biological sam-
ples including cord blood were collected. In EARLI, whole cord
blood was drawn into EDTA tubes. One tube was archived as
whole blood and the second was centrifuged to separate the
buffy coat. Samples were archived at -80�C prior to processing
for this study. For this sub-study, we randomly selected eight
term births (two from each study site) with adequate buffy coat
and whole blood biorepository samples, from subjects with no
ASD based on clinical assessment at 36 months.

DNA methylation measures

DNA was extracted using the DNeasy Blood kit (Qiagen) per
manufacturer instructions. DNA was bisulfite treated and
cleaned using the EZ DNA methylation kit (Zymo Research) at
the University of Michigan Epigenetics Core. Bisulfite treated
DNA was hybridized and imaged on the Infinium Methylatio-
nEPIC (EPIC) BeadChip (Illumina) at the University of Michi-
gan DNA Sequencing Core. One slide can measure eight
samples and 96 samples are run together on a plate. We used
two slides from a single plate for this study. Samples were ran-
domly plated, with pairs together on the same slide, to reduce
potential batch effects. In total, there were eight whole cord
blood DNA paired with eight buffy DNA from the same cord
sample among EARLI participants. Raw DNA methylation

data are available through the Genome Expression Omnibus
(GSE103189).

Data preprocessing

Raw image array files were processed in R statistical software
(version 3.3) using the minfi package (version 1.20.2) [21]. We
estimated sex from raw methylation data, and observed pair
concordance with demographic data. Probes on sex chromo-
somes were included in the analysis. All samples had overall
methylated and unmethylated image intensities greater than 11
relative fluorescence units, and fewer than 1% failed probes.
Data were processed with noob for within-sample background
correction and dye-bias equalization [22]. Probes that failed
detection P value >0.01 in one or more samples were dropped
(n = 2,699). An additional 43,096 probes annotated as cross
reactive were also removed [23]. The final study sample con-
tained 821,041 probes from 16 samples. Beta values from the
processed data were used to approximate percent methylation
per site. As a sensitivity analysis, we repeated analyses using
logit transformed M-values for methylation [24].

Statistical analyses

We examined DNA methylation distributions of samples using
density plots of beta values, colored by sample pair and sample
type. DNA methylation data were compared using principal
components analysis (PCA). Principal components (PCs) were
considered until the cumulative proportion of variance reached
>80%, which was achieved with six PCs. In pairwise PCA plots
up to the sixth PC, data points were colored by technical cova-
riates (slide, row number), biological covariates (sex, race), and
experimental conditions (individual, sample type) to visualize
differences by these variables. We tested for these differences in
PCA using t-tests for categorical variables, ANOVA for multi-
category data, and Pearson correlation tests for continuous var-
iables. We then performed hierarchical clustering on the DNA
methylation data, with Euclidian distance calculation and com-
plete linkage clustering. DNA methylation in whole blood and
buffy coat were compared using plots of mean-centered corre-
lations at all sites for each pair [25]. To center data for each
CpG, the mean across all samples was subtracted from the
observed values in each sample for that CpG. Pearson correla-
tions were then computed between paired buffy coat and whole
blood samples [25]. We also created Bland and Altman plots
[26] to evaluate differences between methylation values mea-
sured from paired samples. We counted sites with >5% magni-
tude DNA methylation difference within pairs and checked for
overlap in discordant sites between pairs.

Single site analysis was performed to investigate possible
CpGs that were differentially methylated in buffy coat and
whole blood samples. We performed moderated paired t-tests
for each CpG using the limma package (version 3.30.13) [27].
No other covariates were included in the model for adjustment,
due to the paired design. When adjusting for multiple compari-
sons, we considered Bonferroni P<6.09 £ 10¡8 reaching
genome-wide significance. We compared the single site results
to published signatures of cord blood cell types [15]. We tested
the single site results for enrichment in Illumina annotated
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genomic features (CpG island, shore, shelf, open sea) and for
representation of hypermethylated (>80% methylated), par-
tially methylated (20-80%), or lowly methylated (<20%) sites
using chi-square tests. With the DMRcate package (version
1.10.10), single site results were used as input to analyze for dif-
ferentially methylated regions [28]. In DMRcate, default false
discovery rate (FDR) cutoff of 0.05 for CpG sites was relaxed to
a FDR cutoff of 0.8.

Cord blood cell composition was estimated in minfi from
DNA methylation references created on the Illumina Human-
Methylation450 BeadChip (450K) array [15]. We compared esti-
mated cell distributions by sample type (buffy coat, whole
blood) using repeated-measures ANOVA and Pearson correla-
tion. Cell composition was also estimated on publicly available
neonatal blood spot DNA methylation data with paired repeated
EPIC and 450K array measures to compare against technical
variation [23]. In addition to the above lookup of most signifi-
cant sites for previously identified cell type markers, we con-
ducted enrichment testing for cord blood cell type signatures
among our single site results, where possible in overlapping
EPIC and 450K sites. In the cell type reference dataset, we used
P<10¡8 to determine the cell type signatures [15]. To include a
sufficient number of sites in our dataset for analysis, a P<10¡3

cutoff was used for our buffy and whole blood single site results.
We tested for overlap in cell type reference and our buffy/whole
blood CpG sites meeting these cut points with a chi-square test.

Results

Study sample characteristics

Among the eight participants in our study (16 paired whole
blood and buffy coat samples), three infants were female, six
mothers identified as white, one as Asian Indian, and one as
mixed race (Table 1). Mean gestational age at birth was 38.9
weeks (standard deviation = 0.6).

DNA methylation principal component analysis (PCA)

Overall distributions of DNA methylation by sample did not
group by buffy coat or whole blood sample type

(Supplementary Figure 1). In PCA, samples separated by indi-
vidual rather than sample type (buffy coat/whole blood), sug-
gesting there were greater differences between individuals than
within (Figure 1). We observed differences by the technical var-
iable slide (Supplementary Figure 2), as well as differences by
sex and race (Supplementary Figure 3). In hierarchical cluster-
ing of DNA methylation data, samples also grouped by individ-
ual rather than type (Figure 2). The first principal component
(PC) of the DNA methylation data was associated with individ-
ual (P = 1.4 £ 10¡9), sex (P = 4.2 £ 10¡9), estimated percent
granulocytes (P = 1.08 £ 10¡4), and estimated percent nucle-
ated red blood cells (P = 6.0 £ 10¡5) (Supplementary Figure 4).
PC2 was associated with individual (P = 2.9 £ 10-5) and slide
(P = 5.3 £ 10¡3). PCs 3-6 were further associated with individ-
ual (P = 3.8 £ 10¡5, 4.2 £ 10¡6, 9.9 £ 10¡13, 1.3 £ 10¡11,
respectively). Importantly, sample type (buffy vs. whole) was
not associated with any DNA methylation PC, with all P>0.7
(Supplementary Figure 4).

DNA methylation comparison between whole blood and
buffy coat

Individual pairs of whole blood and buffy coat mean-centered
DNA methylation values were highly correlated (Figure 3). The
least correlated sample pair had Pearson r = 0.66, while the
most correlated had r = 0.87. As seen in Bland-Altman plots,
the differences in methylation values tended to be small and
were scattered around zero, with exceptions in each pair with
extreme differences (Supplementary Figure 5). When charac-
terizing buffy versus whole blood variation within the pairs,
50% of absolute differences were within approximately 1%
methylation, and 95% of absolute differences were within
approximately 5% methylation. The number of sites discordant
by more than 5% methylation (absolute value) in pair one was
35,246. The remaining pairs (two through eight) had a range of
discordant sites (29,307; 67,512; 88,735; 20,854; 17,646; 17,347;
23,998, respectively). Across these 5% methylation discordant
sites, only four CpG sites were present in all pairs: cg03543448,
cg19976363, cg08668544, and cg23933193. Two of these CpG
sites are not in the cell type reference datasets; however, both
cg03543448 and cg19976363 were previously identified as
hypomethylated in nRBCs compared to other blood cell types
[15]. Note, direction of differences for these CpGs was hetero-
geneous across sample pairs. For example, cg03543448 was
hypermethylated in buffy coat compared to whole blood in
three pairs, but hypomethylated for five pairs.

Estimated cell proportions between whole blood and buffy
coat

Cell proportions were estimated for each sample (Figure 4).
Granulocytes made up the largest fraction, with estimated pro-
portions ranging from 35% to 60%. Natural killer cells had the
smallest fractions, with most samples (12 of 16) having an esti-
mated proportion of 0%. Buffy coat did indeed include nucle-
ated red blood cells in cell type estimation (mean = 7.4%). In
all but one pair, buffy coat had a lower estimated nRBC propor-
tion than in whole cord blood. The average difference in esti-
mated proportion of nRBCs was ¡0.90% (95% CI: ¡1.56%,

Table 1. Subject and sample characteristics.

Sex (n, %)
Male 5 (62.5%)
Female 3 (37.5%)

Race (n, %)a

White 6 (75%)
Asian Indian 1 (12.5%)
More than one 1 (12.5%)

Gestational Age (mean, IQR)
Weeks 38.86 (0.55)

Cell Proportions (mean, IQR) Buffy Coat Whole Blood P valuec

CD8T 11.3% (2.8%) 11.7% (4.6%) 0.46
CD4T 17.3% (4.2%) 16.0% (4.2%)
NK 0.2% (0%)b 0.3% (0%)b

Bcell 9.2% 2.3%) 9.5% (2.8%)
Mono 8.9% (2.7%) 9.4% (3.6%)
Gran 47.3% (16.5%) 47.7% 10.1%)
nRBC 7.4% (4.5%) 8.3% (5.5%)

aSelf-reported from questionnaire.
bMajority of samples had predicted natural killer count of 0.
cRepeated-measures ANOVA for proportions by sample type and cell type;
P value for sample type shown.
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¡0.24%). Buffy coat samples had an average of 1.23% higher
estimated CD4T proportion (95% CI: 0.11%, 2.34%), ¡0.39%
lower estimated CD8T proportion (95% CI: ¡1.40%, 0.62%),
¡0.23% lower estimated B cell proportion (95% CI: ¡0.85%,
0.39%), ¡0.50% estimated monocyte proportion (95% CI:
¡1.38%, 0.38%), and -0.32% estimated granulocyte proportion
(95% CI: ¡2.64%, 2.00%). When considering all cell types
together, we did not observe differences in estimated cell pro-
portions between buffy coat and whole blood samples (P =
0.46) (Table 1). Estimated cell proportions were highly corre-
lated (Pearson r = 0.995). Within individual cell types, correla-
tion was very high between buffy coat and whole cord blood

samples (CD8T r = 0.97, CD4T r = 0.97, B cell r = 0.93, mono-
cytes r = 0.94, granulocytes r = 0.96, nRBC r = 0.99, NK r = 1
due to previously mentioned 0% estimates). Cell proportions in
publicly available repeated blood spot data were also estimated
and estimated cell proportions were also highly correlated
(Pearson r = 0.997) (Supplementary Figure 6).

Single CpG site analysis

In single site analysis, no CpG site was significant when adjust-
ing for multiple comparisons. The model had a lambda infla-
tion factor of 1.37 (Supplementary Figure 7). The lowest

Figure 1. Principal components analysis of EPIC array DNA methylation for 16 cord blood samples (pairs of 8 buffy coat and 8 whole blood). We do not observe differen-
ces by sample type (blue: buffy coat, red: whole blood) and paired samples tended to cluster together.

EPIGENETICS 111



observed unadjusted P value was 1.63 £ 10¡6 for cg10480693,
which had an estimated mean difference of 2.69% methylation
comparing whole cord blood to buffy coat. Five sites had
P<10¡5 (summarized in Supplementary Table 1, results for all
probes can be found in Supplementary Table 2), adjusting for
false discovery rate yielded Q-values of 0.66 for these sites.
Three of these five sites did not overlap with cord blood sorted
cell type references. Among those overlapping, cg00648883 was
previously strongly associated with cell type and was hypome-
thylated in monocytes and granulocytes relative to other cell
types [15]. Further, cg10701033 was slightly hypomethylated in
nucleated red blood cells [15].

We observed 1,131 sites differing between buffy coat and
whole blood with P<10¡3. Among these probes, 58% were
highly methylated sites (compared to 50% on the entire array),
5.4% of probes were lowly methylated (27% on the array), and
36.6% were in between (23% on the array) (Supplementary
Figure 8). Thus, the most significant sites were more likely to
be highly methylated sites and partially methylated sites (chi-
square P = 2.1 £ 10¡64). Top sites also significantly differed by
genomic annotation from the proportion represented on the
entire EPIC array (chi-square P = 2.3 £ 10¡25). On the EPIC

array 18.6% of probes are in CpG islands, while only 6.7% were
in CpG islands in our results. Conversely, 56% of probes on the
EPIC array are in the open sea region and amongst our top
sites, 68% were in open sea regions.

There were 400,551 CpG sites that overlapped between our
analysis and 450K array data used in published cell type signa-
tures. Of these sites, 148,707 sites differentially methylated in
nRBCs met a P<10¡8 threshold [15]. Restricting to the 400,551
common sites, 477 CpG sites met a P<10¡3 threshold in our
paired buffy and whole cord blood model. By chance, 177 sites
would be expected to overlap with known nRBC sites, and we
observed 247 overlapping sites, representing enrichment for
nRBC signatures in the buffy versus whole blood comparison
(P = 4.6 £ 10¡11). CD4T signatures were also enriched
(P = 1.7 £ 10¡7). Other cord blood cell type signatures were
not significantly enriched.

Single site results were used to test for differentially methyl-
ated regions (DMRs). No DMRs were observed with FDR of
0.05, as expected since no single sites were FDR significant.
When relaxing the cutoff, we observed 479 DMRs with a
regional Stouffer transformed significance of 0.72. These
regions are reported in Supplementary Table 3, along with the

Figure 2. Dendrogram from hierarchical clustering on DNA methylation data, using complete linkage method. Samples clustered together by pairs.
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maximum single site difference in each region, and the differ-
ence in methylation averaged across sites in a region.

Sensitivity Analyses

PCA was repeated using M-values instead of beta values for
methylation (Supplementary Figure 9). Grouping of samples by
PCs of M-values behaved similarly as they did for beta values.
The exception is pair four, where samples appear to have a
greater separation when using M-values. Hierarchical cluster-
ing on M-values mirrors this observation (Supplementary
Figure 10). Pairing by individual, as in the case using beta val-
ues, is seen, except for individual four. The whole blood sample
for individual four is placed in a group by itself, away from all

other samples. In single site analysis using M-values, no site
reached P<10¡5. Full results for all probes are provided in
Supplementary Table 4.

Discussion

Newborn cord blood is an effective biosample for epigenetic
epidemiology studies. In published studies based on whole cord
blood, DNA methylation associations were identified with pre-
natal antidepressant exposure [29], fetal growth restriction
[30], and cord blood triglyceride levels [31]. Other studies
elected to process and extract DNA from buffy coat, and identi-
fied associations between DNA methylation and maternal
depression or anxiety [32], parental obesity [33], birth weight-

Figure 3. Mean centered percent methylations at CpGs in buffy coat and whole blood paired samples. 100 points in the least dense regions are plotted. We observe high
correlation between methylation in buffy coat and whole blood.
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for-gestational age [13], and prenatal mercury exposure [34].
Whole cord blood and cord blood buffy coat are the most com-
monly used sample types in perinatal epigenetic epidemiology,
but their estimated cell composition and DNA methylation
need to be rigorously compared prior to meta-analysis.

Our results suggest DNA methylation of buffy coat and
whole cord blood are comparable. Paired samples of whole
cord blood and buffy coat had similar DNA methylation esti-
mated cell type proportions. nRBCs were present in buffy coat
samples, though there was a reduction in the estimated propor-
tion of nRBCs in buffy coat compared to whole blood (mean
difference -0.90%, 95% CI: -1.56%, -0.24%). Our single CpG
site results comparing buffy coat and whole blood were
enriched for nRBC reference signals, likely reflecting the differ-
ence in estimated nRBC proportion. Despite the reduction of
nRBCs in buffy coat, overall DNA methylation did not differ
between buffy coat and whole blood samples. Mean-centered
methylation measures were highly correlated between paired
buffy coat and whole blood samples, with Pearson correlation
coefficients ranging from 0.66 to 0.87. Principal components of
DNA methylation show that the samples cluster by subject,
and not by sample type. We observed that DNA methylation
and cell composition differences between whole blood and

buffy coat sample types are minimal, and we therefore predict
that epigenome-wide association studies may replicate across
these sample types.

No single CpG site was a significant marker of buffy coat
versus whole blood sample type when adjusting for multiple
comparisons. Eight CpG sites were previously identified as
“erythroid DNAm markers” by de Goede et al. for identifica-
tion of nRBC contamination, selected based on an average
hypomethylation of >50% in nRBCs compared to other cell
types [16]. One of these sites identified on the 450K array is not
on the EPIC array. Of the seven remaining sites, we found that
cg10018933 was 1.8% hypomethylated in whole blood com-
pared to buffy (P = 0.057). The next two sites in our study with
the highest magnitudes of change were cg20555305 (1.5%
hypermethylated in whole blood, P = 0.13) and cg26876834
(1.3% hypomethylated in whole blood, P = 0.36). The four
other marker sites had mean differences of <1.0% methylation
in our study.

To evaluate the pairwise comparisons of our small buffy coat
and whole blood study in context of potential technical varia-
tion, we explored data from previous studies. Mean-centered
correlations in our samples are higher than those in publicly
available paired EPIC and 450K measures of five infant blood
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spot samples [23]. Their data ranged from 0.37 to 0.54, though
platform differences make this an imperfect analogue of techni-
cal variation. The mean difference in nRBC proportion between
the paired measures (450K – EPIC) on the infant blood spots
was 0.63% (95% CI: ¡0.31%, 1.57%), compared to 0.90% mean
difference in our buffy and whole blood samples. The mean dif-
ference in estimated granulocyte proportion was ¡2.70% (95%
CI: ¡0.70%, ¡4.71%). As seen by the confidence interval, gran-
ulocytes had the largest variation in estimation cell proportion,
as was the case in our study (¡0.32%, 95% CI: ¡2.64%, 2.00%).
Average estimated monocyte proportions in the EPIC measures
were¡0.67% lower (95% CI:¡1.32%,¡0.02%). Average differ-
ence in estimated proportions in the paired blood spot data
were not significantly different for CD8T cells (¡0.03%, 95%
CI: ¡1.83%, 1.77%), CD4T cells (1.00%, 95% CI: ¡0.44%,
2.44%), natural killer cells (0.85%, 95% CI: ¡0.61%, 2.30%),
and B cells (0.27%, 95% CI: ¡0.80%, 1.33%). The range of dif-
ferences seen in the EPIC and 450K replicates on blood spots
are similar to those seen in our samples. As in the case of
mean-centered correlations, platform differences may intro-
duce more variation in estimated cell proportions. The number
of discordant sites we observed between buffy and whole cord
blood samples was also comparable to numbers seen in techni-
cal replicates on the EPIC array. In a validation of the EPIC
array, approximately 40,000 sites were discordant by >5%
methylation between two runs of a normal colon sample [35].
In another similar study, a technical replicate for a transformed
prostate cancer cell line sample had approximately 39,000 dis-
cordant sites, while repeated measures for a prostate epithelial
cell culture showed approximately 54,000 discordant sites [23].
Variation within our buffy and whole blood pairs is similar to
published technical replicates, implying high sample type
comparability.

Meta-analyses and replication testing are important and
necessary future directions for epigenetic epidemiology to over-
come sample size limitations with multiple comparisons. In
general, we should take care when combining findings from
samples with different underlying cell distributions. Differences
in nucleated red blood cell counts are especially worrisome, as
they have been observed to have some of the most extensive
methylation changes among the cell types in cord blood [12].
Specific to cord blood buffy coat and whole blood samples, our
findings of similar cell compositions between the two sample
types gives some reassurance to this concern. Studies have
already meta-analyzed epigenetics data from both whole cord
blood and buffy coat sources. For example, in a meta-analysis
of 13 cohorts on the effect of maternal smoking on newborn
cord blood DNA methylation, two cohorts used buffy coat sam-
ples and 11 whole blood [7]. Observed associations between
CpG methylation and maternal smoking were generally consis-
tent across cohorts, regardless of sample type [7]. Replication
across studies is an essential component of genome-wide test-
ing and whole cord blood and buffy coat are compatible sample
types.

One limitation to our study was the relatively small sample
size with only eight buffy coat and whole cord blood pairs,
which limits power to detect small differences that may exist.
The pairing of samples types by individual subject alleviates
some of this weakness. Pairing also controls for other factors

that impact DNA methylation, such as gestational age. Our
samples were limited to full term cord blood, and preterm
infants display altered cord blood DNA methylation and differ-
ences in cell type composition [12]. Future work should com-
pare DNA methylation of blood sample types in preterm
infants. The Illumina EPIC array is a widely used platform, and
its use in this study offers coverage across the genome at
approximately 850,000 sites. DNA was isolated in all samples
using the DNeasy Blood kit (Qiagen), but use of different meth-
ods for isolation may impact DNA methylation. Another
potential limitation of this study is that we did not evaluate
other blood sample processing methods, such as using Ficoll
density centrifugation to isolate cord blood mononuclear cells
(CBMCs) [19]. Since Ficoll separates out granulocytes, we
hypothesize that these sample types would have different cell
type distributions and methylation measurements. Further test-
ing should investigate CBMCs relative to whole cord blood and
buffy coat.

Our results suggest that DNA methylation measurements
from buffy coat and whole cord blood samples are highly
comparable on the new EPIC array platform. DNA methyl-
ation was highly correlated between the two sample types,
and principal components of methylation data reveal clus-
tering by sample pairs. Differences between whole cord
blood and buffy coat are much smaller than the inter-indi-
vidual differences, and the frequency of cell types are not
significantly different by sample processing. Future studies,
and those that have already done so, can thus accurately
combine and compare results from buffy coat and whole
cord blood samples.
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