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Figure S1. Maintenance of allelic DNA methylation of oocyte-specific methylated

windows

(A) Box plots of methylation levels of the maternal (M) and paternal (P) alleles of

windows (1st-CT #9). Boxes represent lower and upper quartiles and horizontal lines

indicate the median. Whiskers extend to the most extreme data points within 1.5 times

the interquartile range from the boxes. The open circles indicate the data points outside

the whiskers. Histograms of the distribution of the [M-P] levels are also shown. 27.5%

of oocyte-specific methylated windows were maternally methylated.

(B) Box plots of methylation levels of the maternal (M) and paternal (P) alleles of

windows (1st-CT #6: the sample analyzed in Figure 1). For comparison, an equal

number of reads of 1st-CT#9 were randomly extracted from the reads of 1st-CT #6.

Histograms of the distribution of the [M-P] levels are also shown.

(C) Comparison of allelic methylation levels between 1st-CT #6 and 1st-CT #9. As

described above, we used randomly extracted reads for 1st-CT #6. 4,307 windows were

covered by both 1st-CT #6 and 1st-CT #9, and were analyzed. The allelic methylation

levels were strongly correlated between these two samples (Pearson’s r > 0.9).
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Figure S2. Selection of candidate gDMRs for targeted bisulfite sequencing

(A) We focused on oocyte- and sperm-specific methylated windows maintaining
25-65% methylation levels with < 20% standard deviations (SD) in blastocysts and
30-70% methylation levels with < 20% SD in CT cells (the WGBS data of 1st-CT #6
was used). After merging windows within 500 bp of each other, we obtained 3,676
candidate mDMRs and 1,229 pDMRs except for known gDMRs. 1,594 candidate
mDMRs and 187 candidate pPDMRs containing > 2 windows were selected for targeted
bisulfite sequencing analyses.

(B) Comparison of the cutoff values for mDMRs. Our cutoff values were more stringent
than those of Hanna et al. . *: the original criterion is “> 5% difference in methylation

between diandric and digynic triploids”, which corresponds to > 15% [M-P].
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Figure S3. Allelic DNA methylation levels in each CT sample

Box plots of methylation levels of the maternal (M) and paternal (P) alleles of candidate

gDMRs. Boxes represent lower and upper quartiles and horizontal lines indicate the

median. Whiskers extend to the most extreme data points within 1.5 times the

interquartile range from the boxes. The open circles indicate the data points outside the

whiskers. Ten female 1st-CT samples and three 2nd/term-CT samples were analyzed.

1st-CT #6 and #9 were analyzed using WGBS and the other samples were analyzed

using targeted bisulfite sequencing.
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Figure S4. Distribution of gDMRs in 2nd/term CT samples

(A) Allelic DNA methylation patterns of candidate DMRs (c-DMRs) in 2nd/term-CT
samples. Data from three placental samples were combined. Box plots of methylation
levels of the maternal (M) and paternal (P) alleles, chromosomal distribution of [M-P]
levels and histograms of the distribution of the [M-P] levels are shown. In the
chromosome maps, red circles indicate c-DMRs showing > 30% [M-P] levels and
statistically significant allelic methylation differences (BH-corrected P < 0.05).
Similarly, blue circles indicate those with < -30% [M-P] levels. The other c-DMRs are
shown as gray circles. Cross marks (x) represent known gDMRs.

(B) Distribution of the confirmed mDMRs and all 20 CpG windows. Compared to the
20 CpG windows, the confirmed mDMRs were significantly enriched at promoter
regions (P = 1.0 x 10™: Chi-square test).

(C) DNA methylation patterns of pDMRs located in the gene body region of HELZ2
[MIM: 611265]. The pDMRs were paternally methylated in 1st-CT cells, but the

paternally biased methylation was lost in term-CT cells.
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Figure S5. Search for sequence motifs in the confirmed mDMRs
We used MEME-ChIP? for the motif search. The confirmed mDMRs (n = 440) were
analyzed. We considered only statistically significant (E-value < 0.05) motifs that were

found in > 20% of the confirmed mDMRs. The three most similar motifs are also

indicated.
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Figure S6. Haplotype-dependent allele-specific methylation (hap-ASM) analysis

(A) Schematic representation of the hap-ASM analysis. For each mDMR, CT samples

were classified into two groups according to the SNP sequences (exemplified by T/A).

Samples whose maternal alleles are the reference alleles are classified as Pattern I, and

those whose maternal alleles are the variant alleles are classified as Pattern II.

Parent-of-origin-dependent  allele-specific  methylation (Mat- or Pat-specific

methylation) and hap-ASM (Ref- or Var-specific methylation) can be distinguished by

comparing the mean [M-P] levels of Pattern | and Il samples. Ref: reference allele; Var:

variant allele; Mat: maternal allele; Pat: paternal allele.

(B) Hap-ASM analysis of candidate mDMRs. The data of the 1st-CT samples were used.

In our data set, 306 SNPs overlapping 149 candidate mDMRs (including those that were

not confirmed to be imprinted) were available for the hap-ASM analysis. The numbers

of SNPs associated with parent-of-origin-dependent allele-specific methylation and

hap-ASM are indicated. 123 SNPs overlapping 65 candidate mMDMRs were confirmed

to be associated with parent-of-origin-dependent allele-specific methylation. No region

was found to show hap-ASM.
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Figure S7. Variations in allelic methylation levels between samples

Confirmed mDMRs for which there were data from three or more samples are shown.

The SD value for each confirmed mDMR was calculated as shown in Figure 2D, and

the confirmed mDMRs were numbered according to the SD values. Some confirmed

mDMRs with > 15% SD values showed polymorphic imprinting (e.g. No. 113-115). In

contrast, the allelic methylation levels of mMDMRs with < 10% SD values (No. 1-50)

were relatively consistent across samples.
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Figure S8. Comparison of allelic methylation levels obtained at 5X, 8X and 10X
coverage

Allelic methylation levels of candidate mDMRs were calculated using CpGs covered
with > 5 reads (5X), > 8 reads (8X) and > 10 reads (10X). The data of the 1st-CT

samples were used. The 8X and 10 data highly correlated with the 5X data (r > 0.95).
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Figure S9. Allelic expression analysis and identification of genes highly expressed

in contaminating maternal cells

(A) Counts of autosomal genes covered by our allelic expression analyses. We analyzed

21 1st-CT samples (Table S1). Genes covered by > 2 samples are shown in red, genes

covered by one sample are in thin red and uncovered genes are in white. ~75% of genes

with > 1 FPKM were successfully analyzed in at least one sample but most genes with <

1 FPKM were not.

(B) Estimation of maternal cell contamination. We focused on SNPs that were

homozygous in CT samples (exemplified by A/A) and heterozygous in mothers

(exemplified by A/G). By doubling the rate of reads containing the non-embryonic SNP

(“G” in this figure), we estimated the expression rate from the contaminating maternal

cells ([Contamination] rate) for each gene.

(C) The relationship between the [M-expression] ratio and [Contamination] rate. Genes

with > 10% mean [Contamination] rates and > 65% [M-expression] ratios are shown in

red. Genes with > 10% [Contamination] rates tended to show maternally biased

expression.



(D) GO analysis of genes with > 10% mean [Contamination] rates and > 65%

[M-expression] ratios (n = 154). The top three GO terms are indicated with gene counts

and BH-corrected P-values. Immune-related GO terms were significantly enriched.
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Figure S10. Low conservation of gDMRs and imprinted genes in mammalian
placentas

(A) DNA methylation patterns of regions homologous to human candidate mDMRs in
mouse oocytes, sperm, blastocysts and placenta. We used available WGBS data of
mouse oocytes (DRA000570),° sperm, blastocysts (DRA000484)* and placenta
(GSM1051161).°> We selected regions having > 80% methylation in oocytes, < 20%
methylation in sperm, 25-65% methylation with < 20% SD in blastocysts and 30-70%
methylation with < 20% SD in the mouse placenta as candidate mDMRs. Only 5
regions were found to have the imprinted methylation patterns, suggesting that most
human placental mMDMRs may not be mDMRs in the mouse placenta.

(B) Allelic expression of human homologs of mouse placenta-specific imprinted genes.
Mouse placenta-specific imprinted genes are from the Catalogue of Parental Origin
Effects database. Only PPP1R9A showed maternal expression (> 65% [M-expression]
ratio) in human 1st-CT cells.

(C) Allelic expression of candidate imprinted genes (n = 78) identified in the placenta of
hybrids of the horse and donkey. The x-axis and y-axis show mean [M-expression]
ratios in human 1st-CT cells and the placenta of the hybrids, respectively. These
candidate imprinted genes did not have conserved imprinted expression patterns in the

human placenta except for two genes, MUC1 and FKBP5.



Table S1. CT samples used for bisulfite sequencing and RNA sequencing

The number of uniquely mapped reads and mean coverage per CpG site are shown.

Table S2. Chromosomal location of candidate and known gDMRs

Regions selected for the targeted bisulfite sequencing are indicated. Names of the

known gDMRs are also indicated.

Table S3. Allelic DNA methylation levels of candidate gDMRs in 1st-CT samples

Ten 1st-CT samples were analyzed. For each gDMR, the methylation levels of the

maternal (M) and paternal (P) alleles and the [M-P] level are shown. The candidate

mDMRs and pDMRs were respectively ranked according to their [M-P] levels. The

statistical significance (BH-corrected P-value) of the methylation differences between

parental alleles is shown. Associated genes are also indicated. All informative candidate

gDMRs including those that were not confirmed to be imprinted are indicated. NA: Not

available.



Table S4. Allelic DNA methylation levels of candidate gDMRs in 2nd/term-CT

samples

Three 2nd/term-CT samples were analyzed. For each gDMR, the methylation levels of

the maternal (M) and paternal (P) alleles and the [M-P] level are shown. The candidate

mDMRs and pDMRs were respectively ranked according to their [M-P] levels. The

statistical significance (BH-corrected P-value) of the methylation differences between

parental alleles is shown. Associated genes are also indicated. All informative candidate

gDMRs including those that were not confirmed to be imprinted are indicated. NA: Not

available.

Table S5. Allelic DNA methylation levels of known gDMRs in 1st-CT samples

Known gDMRs are classified as described in Materials and Methods. For each gDMR,

the methylation levels of the maternal (M) and paternal (P) alleles and the [M-P] level

are shown. The statistical significance (BH-corrected P-value) of the methylation

differences between parental alleles is also indicated. NA: Not available.



Table S6. Allelic DNA methylation levels of known gDMRs in 2nd/term-CT

samples

Known gDMRs are classified as described in Materials and Methods. For each gDMR,

the methylation levels of the maternal (M) and paternal (P) alleles and the [M-P] level

are shown. The statistical significance (BH-corrected P-value) of the methylation

differences between parental alleles is also indicated. NA: Not available.

Table S7. Allelic expression of autosomal genes

For each gene, the proportion of reads derived from the maternal allele to total reads

([M-expression] ratio), [Contamination] rate and FPKM are shown. The statistical

significance (BH-corrected P-value) of the allelic expression differences is also shown.

NA: Not available.

Table S8. Strong candidate imprinted genes

For each gene, the mean [M-expression] ratio, BH-corrected P-value and expression

allele are shown. The numbers of samples with maternal (< 35% [M-expression] ratios),



paternal (> 65% [M-expression] ratios) and biallelic (35-65% [M-expression] ratios)
expression are also indicated. Allelic DNA methylation patterns of associated gDMRs,
which were obtained using the 1st-CT samples, are also included. Maternal methylation
of the CYP2J2 DMR was previously reported.® NA: Not available; M: maternal; P:

paternal.

Table S9. Allelic expression of X-linked genes
For each gene, the [M-expression] ratio, [Contamination] rate and FPKM are shown.

Genes in the pseudoautosomal regions are also indicated. NA: Not available.
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