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Supplementary Figure 1. Summary of covariates used in the EWAS analysis. 

PCA loadings in A. neonatal and B. adult blood. C. Heatmap highlighting the 

contribution of different variables to each principal component in neonatal and D. 

adult blood. Cell composition was the biggest contributor to variation, while 

technical variation, such as location of sample in the plate had less of an effect. The 

top number in each box within the heatmap is the correlation between principal 

component and data traits and underneath in brackets are the p-values. Covariates 

with a high correlation and low p-value are highlighted in red for positive 

correlations and blue for negative correlations. 
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Supplementary Figure 2. Detailed DNA methylation map of the TMEM18 gene. 

A. (i) Boxplot and dot-plot of DNA methylation for individual neonatal control and 

ART samples at the two probes within the TMEM18 gene that showed a difference 

between groups. (ii) Boxplot and dot-plot of the same two probes in individual adult 

control and ART samples. The change is no longer significant after correction for 

multiple testing, but the direction of methylation change persists. Boxplot elements 

are: center line - median; box limits - upper (Q3) and lower (Q1) quartiles; whiskers 

– smallest and largest non-outlier; points - outliers. B. Map of the TMEM18 gene in 

hg19, showing EPIC probe locations. C. Mean DNA methylation level at TMEM18 

for neonatal and adult non-ART and ART groups. Error bars are 95% confidence 

intervals. 
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Supplementary Figure 3. Detailed DNA methylation map of the PRSS16 gene.

A. (i) Boxplot and dot-plot of DNA methylation for individual neonatal control and

ART samples at the top two (out of three significant) probes within the PRSS16

probes that showed a difference between groups. (ii) Boxplot and dot-plot of the

same two probes in individual adult control and ART samples. The change is no

longer significant after correction for multiple testing, but the direction of

methylation change persists. Boxplot elements are: center line - median; box limits -

upper (Q3) and lower (Q1) quartiles; whiskers – smallest and largest non-outlier;

points - outliers. B. Map of the PRSS16 gene in hg19, showing EPIC probe

locations. C. Mean DNA methylation level at PRSS16 for neonatal and adult non-

ART and ART groups. Error bars are 95% confidence intervals.
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Supplementary Figure 4. Validation of top DMR within SPATC1L gene

identified in a previous publication (Estill et al. 2016). A. Map of the SPATC1L

gene in hg19, showing EPIC probe locations. B. Mean DNA methylation level at

probes within and around SPATC1L in the Estill et al. 450K study. There are two

ART-DMRs, one in the promoter and one at the 3’ end of the gene. NAT = Natural

conception, FH = IVF with fresh embryo, FZ = IVF with frozen embryo, IUI =

Intrauterine insemination. B. DNA methylation level in neonatal blood non-ART

and ART groups in CHART cohort at the promoter DMR. The change in

methylation is in the same direction at previously published, but the effect is lower

and does not reach significance after correction for multiple testing.



A

Guthrie Guthrie

non-ART
58

ART
149

GIFT 
35

IVF
105

Fresh embryo
75

Frozen embryo
30

B

Sample breakdown

Top probes

C Δβ at up and down probes D IVF and GIFT changes relative to Control

Guthrie Δβ (IVF – control)

G
u

th
ri

e 
Δ
β

(G
IF

T 
–

co
n

tr
o

l)

IVF and GIFT GIFT

IVF Neither

C
h

an
ge

 in
 m

et
h

yl
at

io
n

 (
Δ
β

)
D

N
A

 m
et

h
yl

at
io

n
Supplementary Figure 5



Supplementary Figure 5. DNA methylation levels at neonatal ART-DMRs in

different ART subgroups. A. The ART group can be separated into: IVF with fresh

embryo, IVF with frozen embryo and GIFT - gamete intrafallopian transfer. B.

Distribution of DNA methylation at top probes for each reproductive group that

show loss of methylation (associated with CHRNE and NECAB3 genes) or gain of

methylation (associated with DOC2B and P2RY14 genes) in neonatal ART group

relative to control. A consistent change in methylation is observed in all ART

subgroups. C. Boxplot of ∆β values for the 136 significant DMPs identified between

neonatal ART and non-ART groups shown for each reproductive group. Boxplot

elements are: center line - median; box limits - upper (Q3) and lower (Q1) quartiles;

whiskers – smallest and largest non-outlier; points - outliers. D. Correlation between

mean change in methylation in the IVF group compared with control (x-axis) and

GIFT group compared with control (y-axis). Red: dB >0.05 in both groups, Purple:

dB >0.05 only in GIFT group, Blue: dB >0.05 only in IVF group.
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Supplementary Figure 6. Detailed DNA methylation map of the imprinted

KCNQ1 gene. A. Map of the KCNQ1 gene in hg19, showing EPIC probe

locations. B. Change in DNA methylation at each probe between neonatal ART and

control groups. C. Mean DNA methylation level at KCNQ1 for neonatal and adult

non-ART and ART groups. Error bars are 95% confidence intervals.


