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A B S T R A C T

The purity of tissue samples can affect the accuracy and utility of DNA methylation array analyses. This is
particularly important for the placenta which is globally hypomethylated compared to other tissues. Placental
villous tissue from early pregnancy terminations can be difficult to separate from non-villous tissue, resulting in
potentially inaccurate results. We used several methods to identify mixed placenta samples using DNA methy-
lation array datasets from our laboratory and those contained in the NCBI GEO database, highlighting the im-
portance of determining sample purity during quality control processes.

1. Introduction

The number of studies investigating genome-scale DNA methylation
is growing rapidly. The most popular platforms are DNA methylation
arrays [1]. The placenta is a transient organ that primarily acts to
support fetal differentiation and growth and orchestrates maternal
adaptations to pregnancy [2,3]. Placental DNA is uniquely and globally
hypomethylated, reflecting this organ's early developmental origin and
distinct functions [4,5]. Analysing the placental methylome could
provide information relevant to understanding pregnancy health and
disease [6]. Existing pipelines for processing DNA methylation array
data do not include a quality control step for detecting tissue impurities
[7,8]. We demonstrate that mixed placenta samples, that is placenta
samples that contain a significant amount of surrounding con-
taminating tissue, can be identified from DNA methylation array data,
allowing for sample removal or incorporation of other analytic changes
as appropriate.

2. Methods

2.1. Array data

Thirteen human tissue datasets containing raw IDAT files from
Illumina Infinium HumanMethylation450 (450 K) or
HumanMethylationEPIC (EPIC) array platforms (GPL13534 or
GPL21145) were acquired from NCBI GEO database and our laboratory.
Ten datasets used the 450 K platform (GSE66210, GSE74738,
GSE69502, GSE75196, GSE75248, GSE120250, GSE100197,
GSE98224, GSE71678, GSE66459) [9–18] and 3 the EPIC platform
(GSE115508, GSE113600 [19,20] plus 10 samples from our study,
GSE131945). 410 samples (394 from 450 K platform and 16 from EPIC
platform) were selected: 380 placentas [22 from first trimester, 16 from
second trimester (pregnancy terminations) and 342 from term (un-
complicated pregnancies)], 12 maternal whole blood samples, 11 um-
bilical cord blood, 3 decidua, 2 amnion and 2 chorion (Supplementary
Table 1). For the term samples, only samples from uncomplicated
pregnancies were used in the downstream analyses.
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2.2. Array quality control

Two samples were removed due to low array intensities defined
as< 10.5, one first trimester placenta sample (GSM1617002) and one
maternal whole blood sample (GSM1616993). Probes filtered out in-
cluded: failed probes with detection P > 0.01, probes with fewer than
3 beads in> 5% of all samples [8]; cross-reactive probes [21]; probes
on sex chromosomes and probes with biased DNA methylation signal
due to SNPs at CpG sites, single base extension (SBE) sites and probe
body [22,23]. In all, 408 samples and 301,496 probes common to both
450 K and EPIC arrays were used for downstream analyses. See
Supplementary Methods for additional information.

2.3. Principal component analysis (PCA) and sample clustering

The dye bias correction for filtered data was performed using the
method regression on logarithm of internal control probes (RELIC) from
ENmix package and background subtraction according to tissue types
were performed with the method from ENmix package which models
methylation signal intensities with a flexible exponential-normal mix-
ture distribution, and use out-of-band Infinium I intensities (“OOB”) to
estimate normal distribution parameters to model background noise.
Datasets were normalised using the beta-mixture quantile normal-
ization method [24] to correct for type I and type II probe bias. Control
probes were used to check batch effects between studies. All 408
samples were used to generate the PCA plot which gave an overview of
similarities and differences between samples from different tissue types.

Interquartile range (IQR) of values for samples at PC1 was calculated to
estimate outliers. Using PC1, placenta samples with less than
Q3+1.5IQR were considered pure placenta samples and those samples
with greater than Q3+3IQR were mixed placenta samples. The area in
between Q3+1.5IQR and Q3+3IQR was designated a ‘grey’ zone.
Multivariate unsupervised clustering with mixtures of Gaussian dis-
tributions [25] was performed to estimate the probability of each
sample being a pure placenta sample. The top 2% of probes that were
different between pure and mixed samples (PC1) were selected to in-
vestigate DNA methylation differences between them. M values were
used for the statistical tests based on linear models.

2.4. DNA methylation analyses at partially methylated domains (PMDs)
and placenta-specific imprinting control regions (ICRs)

The genome was tailed by 10 kb non-overlapping bins and mean
Beta values (methylation percentage) of each bin were calculated [5].
Mean Beta values of bins that overlapped with PMDs for pure and
mixed placenta samples were plotted to show the difference between
these samples. Beta values at ICRs [26] for pure and mixed samples
were also plotted. Mann–Whitney U test was used to test the sig-
nificance of change of DNA methylation at PMDs and ICRs between
potentially mixed and pure placenta sample groups. The codes for all
analyses can be found here: https://github.com/QianhuiWan/
MethylationArray_Placenta.

Fig. 1. Analysis of 408 samples from different tissue types. (A) PCA plot using M values for all 408 samples. Trimester: ◻ ︎first, ○second, △term. Tissue types:
placenta (orange), amnion (black), chorion (red), maternal whole blood (grey), decidua (purple), umbilical cord blood (pink). Dashed vertical line marked
Q3+1.5IQR (153.88) and Q3+3IQR (316.01) of PC1. Outliers are at the right side of dashed vertical line (Q3+1.5IQR). (B) PCA plot of samples from first trimester,
second trimester and term were shown respectively. Mixed placenta samples tend to be similar to non-placenta tissues. Samples in dashed green ellipses were
Outlier_T2_1 and Outlier_Term_1. (C) DNA methylation difference between outlier and pure placenta from first trimester, second trimester and term. T1: first
trimester; T2: second trimester.
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3. Results

The PCA plot of 408 samples identified 11 placenta samples as
outliers (Fig. 1A). Clustering of a subset of placental samples to non-
placental samples suggests that these samples may be mixed with DNA
from non-placenta tissue. These samples will be called “mixed placenta
samples” in this report (Supplementary Fig. 1). Five were from first
trimester, one from second trimester and the remaining five were from
term samples (Fig. 1B). Four of the term outliers were previously
identified [14]. Nine placenta sample outliers clustered with decidua,
amnion and chorion and are likely to contain more non-placenta tissue
than the other two samples (Outlier_T2_1 and Outlier_Term_1, dashed
green circle; Fig. 1B). The estimated probability of each placenta
sample being a pure sample is listed in Supplementary Table 2. The top
2% of most variable probes according to PC1, showed that all had
higher DNA methylation in the putative mixed placenta samples com-
pared to the remaining placenta samples (Fig. 1C).

Mixed placenta samples from first trimester, second trimester and
term, showed greater DNA methylation than pure placenta samples at
PMDs (P < 2.2e-16) (Fig. 2A and C). Mixed placenta samples showed
altered DNA methylation compared to pure placenta samples at pla-
centa-specific ICRs (P < 0.05) (Fig. 2B and D and Supplementary
Fig. 2).

4. Discussion

Using publicly available DNA methylation array datasets, as well as
10 samples of our own, we identified outlier placenta villous tissue
samples which clustered with other tissue types and were likely to
contain other tissues, most likely decidua. These outliers had different

DNA methylation profiles at both PMDs and ICRs, indicating they may
contain non-villous tissue, such as hypermethylated maternal decidua
[27]. Placenta samples from early gestation are at particular risk of
being mixed with other tissue types, possibly because the termination
procedures inevitably macerate the tissue. Since these outliers had quite
distinct methylation profiles compared to other placenta samples, they
could potentially influence results, necessitating their removal or down
weighting before further analysis.

Before processing high dimension data from placenta villous tissues,
we recommend checking sample purity in three steps. First, download
the DNA methylation array data listed in Supplementary Table 1 from
NCBI GEO database. Second, apply PCA and unsupervised clustering
using pure placenta samples from GEO database as positive controls and
samples from other tissue types from GEO database as negative con-
trols. Third, if any samples cluster with other tissue types, and the es-
timated probability of the sample being pure placenta is low, the DNA
methylation of placenta PMDs and ICRs needs to be checked to verify
whether these samples should be removed or down weighted.
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