
Supplementary Information 

Supplementary Figures 

 

Supplementary Figure 1. Overview of IM detection 

(a) Conceptual overview of the pipeline for IM detection using a breast luminal epithelial 

cell sample as an example: scatter plot of MeDIP-Seq and MRE-Seq read counts at 

100,000 randomly selected CpGs showing presence of co-occurring signal at a subset of 

loci (circled). The proportion of CpGs covered by MeDIP-Seq only, MRE-Seq only, or 

both (>1 read in both assays) are shown in the pie chart. (b) Schematic of the IM 

detection algorithm. A putative IM region was initiated when a CpG with strong MeDIP-

Seq and MRE-Seq signals is detected. The region score was increased when 

subsequent IM CpGs were encountered, and penalized according to distance between 

CpGs or when CpGs with non-overlapping MeDIP-Seq/MRE-Seq were encountered. 

When the score decreased to zero, the point of initiation and the point of the highest 

score were returned as IM region boundaries. 
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Supplementary Figure 2. Sensitivity of IM to ICRs and clustering of samples 

(a) Sensitivity of IM detection algorithm to 19 known ICRs. For each sample, the 

percentage of ICRs that overlap with IM regions are shown. These ICRs have previously 

been identified as parent-of-origin dependent allele-specific methylation within precise 

boundaries1. (b) Hierarchical clustering of samples based on MRE-Seq read density 

within IM regions.  Distance metric was Canberra; clustering method was average. (c) 

Clustering of samples based on MeDIP-Seq read density within IM regions. Distance 

metric was Canberra; clustering method was average. (d) A histogram plot of the 

difference between WGBS methylation levels of the right and left flanking 100bp regions 

to each IM region from H1 ES cells. The dotted line marks a methylation difference of 

0.3 (or 30%), which is typically the minimum threshold for calling differential methylation. 

91% of autosomal IM regions have a methylation difference of less than 0.3 between 

flanking regions. 
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Supplementary Figure 3. Genomic enrichment of IM, methylated, and 

unmethylated CpGs 

(a) Log-odds enrichment of unmethylated (MRE-Seq only), methylated (MeDIP-Seq 

only), and IM CpGs over gene features. (b) Log-odds enrichment of unmethylated, 

methylated, and IM CpGs over 15 chromHMM functional annotations2. 
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Supplementary Figure 4. Histone allelic preference at non-ASM regions 

Correlation of allelic preference between histone modifications and MRE-Seq (Unmeth) 

or MeDIP-Seq (Meth) at loci that are not ASM: AIM, unmethylated (MRE-Seq only), and 

methylated (MeDIP-Seq only) regions. 

 

50 70 90

Meth Reads from

Methylated Regions

25 50 75 100

Unmeth Reads from

Unmethylated Regions

H
3

K
4

m
e

1
 

0

25

50

75

100

30 40 50 60 70

H
3

K
2

7
m

e
3

 

0

25

50

75

100

30 40 50 60

H
3

K
9

m
e

3
 

0

25

50

75

100

30 40 50 60 70

Unmeth Reads from

AIM Regions

H
3

K
4

m
e

3
 

0 25 50 75 100

0 25 50 75 100 0 25 50 75 100

0 25 50 75 100

40

60

80

100

40 45 50 55 60

r
2

=0.02

r
2

=0.31

r
2

=0.11 r
2

=0.03 r
2

=0.15

r
2

=0.13 r
2

=0.15 r
2

=0.09

r
2

=0.02 r
2

=0.04

50 70 90

r
2

=0.04

A
ll
e

li
c
 P

re
fe

re
n

c
e

 o
f 

H
is

to
n

e
 M

o
d

if
ic

a
ti
o

n

%
 R

e
a

d
s
 w

it
h

 R
e

fe
re

n
c
e

 S
N

P

Allelic Preference of Methylated or Unmethylated DNA

% Reads with Reference SNP

Extended Data Figure 4



 

Supplementary Figure 5. Comparison of IM to previous sets of variable 

methylation or ASM 

(a) Percentage of IM regions overlapping previously reported regions characterized by 

intermediate or dynamic tissue-specific methylation. AMRs=allelically methylated 

regions; ASM=allele-specific methylation; LMRs=lowly methylated regions; 

VMRs=variably methylated regions. (b) Distribution of CpG methylation levels from 

regions defined in previous studies as compared to IM. An Intermediate level of 

methylation, as assessed by WGBS in H1 ES cells, predominates within the IM regions 

reported in our manuscript and in imprinting control regions (ICRs), but is not a typical in 

regions previously reported as variably methylated. For each distribution shown, 

methylation levels were taken from the datasets used in the original manuscripts, or data 

from the same cell type as the original study. (a-b) *p<0.001, Chi-squared test. (c) 

Comparison of IM regions called in fetal brain samples to differentially 

hydroxymethylated regions (DhMRs), which show increased hydroxymethylation in fetal 

brain with respect to adult brain. 



 

 

Supplementary Figure 6. Validated ASM and AIM loci 

(a) ASM regions validated by targeted bisulfite PCR and sequencing. (b) AIM regions 

validated by targeted bisulfite PCR and sequencing. Height for all tracks shows a signal 

range from 0-50 reads. 



 

 

Supplementary Methods 

 

Enrichment Calculations 

         Enrichment based on methylation signal (methylated, unmethylated, or IM) over 

genomic features was calculated as a log odds ratio of the observed over expected 

proportions of CpGs within a particular feature. Note that restricting enrichment 

calculation to CpG overlap removes any bias based on the non-random distribution of 

CpGs across the genome. IM CpGs were those that fell within previously defined IM 

regions. Methylated CpGs were selected based on a read count of 4 or greater in 

MeDIP-Seq and no signal in MRE-Seq. Likewise, unmethylated CpGs were selected 

based on a read count of 4 or greater in MRE-Seq and no signal in MeDIP-Seq. The 

enrichment calculation is represented by the following formulae, using methylation as an 

example: 

 

Enrichment = Log2(Observed)-Log2(Expected) 

Observed = Fm/Ft 

Expected = Gm/Gt 

 

Where Fm is the number of methylated CpGs within a feature, Ft is the total number of 

CpGs within the feature, Gm is the number of methylated CpGs in the genome, and Gt is 

the total number of genomic CpGs.  
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