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A Fragment-level identification of bimodal methylation B Algorithm: find bimodal regions

let n be the number of CpGs
let {U,X,M} be arrays of size n
for 1 in range l:n

U[i] = num. of U reads at CpG i
M[i] = num. of M reads at CpG i
X[i] = num. of X reads at CpG i

// smooth counts and sum vectors
smooth {U,X,M} using LOWESS
total = sum(U, X, M)

// min fraction of {U,M} per CpG
minUM = min(U,M) / total
// bimodal regions with U,M>20%

Bimodal Region let regions be:
T T CpG runs with minUM 2 20%

For r in regions:
Start End Expand r with 23-CpG reads
Allele-specific param. estim.
Statistical significance

Supplemental Figure 1. Algorithm for the identification of bimodal regions. (A) Sequenced reads are
presented as red/green bead strings (for methylation and unmethylated CpGs), separated by white
spaces. Reads are classified as U (<35% methylated CpGs per fragment), X (not U or M), or M (>65%
methylated CpGs, per fragment). The figure below shows the cumulative proportion of U/X/M reads
across each CpG, with arrows marking where the min(U,M) fragment proportion is above 20%. We
classify a region as bimodal if the proportion of both U and M reads is = 20% across consecutive CpGs
(Methods). (B) Pseudo-code of the efficient linear-time algorithm which identifies the bimodal regions.
The algorithm works as visualized in A. The algorithm begins by transforming a WGBS bam file into a
3-dimensional array whereby each entry of the array represents a CpG site. At each index of the array we
store how many U/X/M reads intersect this CpG site. We apply LOWESS smoothing on each array
individually and we find those regions of contiguous CpG site where the proportion of U and M reads
intersecting that site are at least 20%.
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Supplemental Figure 2. Bimodality plot of known imprinted DMRs. For each known imprinted DMR
(hg19 coordinates), we plot the percent of U/X/M sequenced fragments (=3 CpGs) across 202 samples
(columns). Fully bimodal patterns are visualized as 50% unmethylated fragments (green) and 50%
methylated fragments (red). Sequenced fragments with >35% unmethylated CpGs and >35%
methylated CpGs (e.g. a fragment of 4 CpGs, with exactly two methylated CpGs) are classified as mixed,
and their empirical percentage in a give sample/region is shown in yellow.
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Supplemental Figure 3. Number of regions vs number of samples exhibiting bimodal methylation.
Bar chart showing the number of regions (y-axis) which are bimodal in at least the number of samples
specified in the x-axis.
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Supplemental Figure 4. Distribution of bimodal regions and ASM across the genome.

In orange, a track showing the number of tissues that are bimodal across the genome. The heights
exceeding the threshold are shown above the bars. In blue the negative log10 Fisher’s fused p-value
of ASM across the genome is shown. Known imprinted DMRs are indicated below each chromosome.
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Supplemental Figure 5. Distributional properties of parental ASM regions.

Bar chart showing the number of parental-ASM-regions identified (y-axis) which are bimodal in at least
the number of samples specified in the number of samples (x-axis).
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Supplemental Figure 6. Local enrichment of parental ASM regions for various chromHMM
annotations. Average percent of intersecting nucleotides between parental-ASM regions and various
chromHMM state annotations.
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Supplemental Figure 7. Tissue-specific allelic expression of the known imprinted gene PAXS8 is
accompanied by matched bimodal methylation. (A) Allele-specific read counts from GTEx of the
known imprinted gene PAX8 show imprinted expression in kidney samples (top) and brain samples
(bottom). Kidney samples exhibit biallelic expression (along the diagonal indicating both alleles are highly
expressed) while brain samples exhibit allele-specific expression (either allele A along the y-axis or allele
B along the x-axis). (B) Bimodal DNA methylation in purified cortical neurons (left) but not in other
samples (e.g. granulocytes, right) at a bimodal region (chr2:113953706-113955952), 17Kb upstream of
PAX8). (C) Fragment-level methylation analysis exhibits brain-specific bimodality.
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Supplemental Figure 8. Density plots for allelic read counts of genes near parental-ASM regions
Allele-specific read counts (GTEx) for genes near parental ASM regions show many samples of
allele-specific expression of either the A (X-axis) or B (Y-axis) alleles. (A) PRKRA allelic expression in



Colon with top ranked eQTL at rs2288329 (chr2:179308502, hg19) FDR-corrected p-value <0.13
(colon) and 0.33 (small intestine). Parental ASM identified 60Kb downstream,
chr2:179227286-179228253. (D-F) SYCET allelic expression in the brain (top ranked eQTL rs1536826,
chr10:135357239), p-value<ie-3. Parental ASM identified at chr10:135382570-135385776, as well as
20Kb downstream at chr10:135340445-135344281. (G-I) PDPK1 allelic expression in adipose tissue
and pancreas (top ranked eQTL rs61608337, chr16:2538109) with FDR corrected p-value of 9e-3
(adipose) and p=<0.015 (pancreas). Parental ASM identified at chr16:2713787-2714127 (65Kb
upstream).



