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Supplementary Figure S1: Maternal ICRs associated with bivalent chromatin in ES cells
Schematic showing the analyzed ICRs (green circles) and their relative position relative to the main
associated gene(s). The DNA methylation pattern is symbolized by lollipops (black: methylated;
white: unmethylated) and the name of the transcripts initiating from the ICR region is also
indicated. The upper panels show representative data obtained by the bisulfite-based approach
COBRA in BJ1 ES cells for each ICR. The enzyme used for the digestion and the expected position
of the obtained methylated (Meth.) and unmethylated (UnMeth.) digestion products are indicated.
The lower panels show data obtained following native ChIP with anti-H3-K4me2,-K4me3, -
K27me3 and -K9me3 antibodies. The allelic distribution of each mark was determined by direct
sequencing of the PCR product encompassing a strain-specific SNP in the analyzed region.
Representative data obtained in BJ1 and JB1 ES cells are shown. The mean values (+ standard
deviation) of the relative allelic ratios (Pink: maternal; Blue: paternal) are indicated. All these ICRs

are marked by a bivalent domain on their paternal unmethylated allele in ES cells.
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Supplementary Figure S2: H3K27me3 and DNA methylation co-exist on the same parental allele
at a subset of mat-ICRs
Bisulfite-based DNA methylation analysis of H3K27me3-bound chromatin and the associated
input at several mat-ICRs in BJ1 ES cells. The COBRA-based (left panels) approach and direct
sequencing (right panels) show that H3K27me3 is associated with the methylated allele at Kv-
DMR and with both the methylated and unmethylated alleles at “bivalent chromatin associated-
ICRs”.
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Supplementary Figure S3: Characterization of mat-ICRs marked by bivalent chromatin in ES

cells

A) Enrichment for total Polll and H3K64ac at mat-ICRs. For each promoter/ICR, enrichment

B)

is shown in a 4Kb window centered on the TSS. Raw data were extracted from publicly
available ChlP-seq data (replicate samples GSM1173371/GSM1173372 for total Polll
(Bunch et al., 2014) and replicate samples GSM866724/ GSM866723 for H3K64ac (Di
Cerbo et al., 2014)) and processed with a home-made script.

Representative data obtained following sequential ChIP with anti-H3K4me3 and then -
H3K27me3 antibodies. Sequencing of the immunoprecipitated material obtained in the
second round of precipitation shows that these two marks are enriched on the same

paternal chromatin fragments. Kv-DMR is shown as a negative control.
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Supplementary Figure S4: Paternal expression correlates with loss of H3K27me3 at mat-1CRs
marked by bivalent chromatin

Representative results obtained at the Nap1l5 (A), Inpp5f-v2 (B) and Plagl1(C) ICRs.

The upper panel shows the gene expression analyses in a panel of C57BI6/JF1 (BJ) samples. Results
were normalized to the expression level of the two housekeeping genes Ppia and Rpl30. For each
sample, analyses were repeated four times, each in duplicate. The parental origin of expression was
determined by direct sequencing of the PCR product encompassing a strain-specific SNP in the
analyzed region. The lower panels show the chromatin analysis following native ChIP with anti-H3-
K4me3, -K27me3 and —K9me3 antibodies. The precipitation level was normalized to that obtained at
the Rpl30 promoter (for H3K4me3), the HoxA3 or HoxD8 promoter (for H3K27me3) and IAP (for
H3K9me3). For each tissue, the value is reported as the mean of at least three independent ChIP
experiments (n), each analyzed in duplicate: MEFs (n=3); E9.5 embryos (n=3); neonate brain (BJ n=2;
JB n=2); liver (n=3); placenta (BJ n=2; JB n=1). The allelic distribution of these marks was
determined by direct sequencing of the PCR product encompassing a strain-specific SNP in the

analyzed region.
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Supplementary Figure S5: ICRs with ubiquitous promoter activity have a canonical chromatin
signature.

Kv-DMR is shown as an example of a ubiquitously active promoter/ICR. The upper panel shows the
expression analysis in a panel of BJ samples. Results were normalized to the expression level of the
housekeeping genes Ppia and Rpl30. For each sample type, the analysis was repeated four times, each
in duplicate. The parental origin of expression was determined by direct sequencing of the PCR
product encompassing a strain-specific SNP in the analyzed region.

The lower panels show the chromatin analysis following native ChIP against H3-K4me3, -K27me3
and —K9me3. The precipitation level was normalized to that obtained at the Rpl30 promoter for
H3K4me3, the HoxA3 or HoxD8 promoter for H3K27me3, and IAP for H3K9me3. For each sample
type, the value is reported as the mean of at least three independent ChIP experiments (n), each in
duplicate: MEFs (n=3); 9.5dpc embryos (n=3); neonate brain (B/J n=2; J/B n=2); liver (n=3); placenta
(BJ n=2; JB n=1). The parental origin of expression and the allelic distribution of each mark were
determined by direct sequencing of the PCR product encompassing a strain-specific SNP in the

analyzed region.
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Supplementary Figure S6: The Mest ICR gains bivalent chromatin in non-expressing tissues.

Gene expression and chromatin analyses at the Mest ICR. Details of the legend are as in
supplementary Figure S5. At this ICR, chromatin bivalency is absent in ES cells and is gained,
through acquisition of H3K27me3 on the paternal allele in non-expressing tissues/MEFs. Note that, as
observed at the Plagll ICR (Figure E4C), bivalency is maintained on the paternal allele in placenta
despite expression, suggesting that the detected expression arise from a subpopulation of cells within

this tissue.
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Supplementary Figure S7: Most ICR-associated transcripts are expressed biallelicaly in Dnmt3I
* embryos

Example of gene expression analysis in pools of at least 15 WT and Dnmt3I”* E9.5 embryos. Results
are presented as the percentage of the geometrical mean of the expression of Ppia and Rpl30. Data
were obtained from two independent experiments, each in duplicate. The parental origin of expression
at the indicated ICRs was determined by direct sequencing of the PCR product encompassing a strain-

specific SNP in the analyzed region.
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Supplementary Figure S8: Epigenetic signature at ICRs in PRC2-deficient cell lines

A) Representative data obtained using the bisulfite-based approach COBRA in Eed " ES cells for

B)

C)

the indicated ICRs. The enzyme used for the digestion and the expected position of the
obtained methylated (Meth.) and unmethylated (UnMeth.) digestion products are indicated.
The presence of both methylated and unmethylated molecules suggests that the DNA
methylation pattern is not altered at ICR regions in EED-deficient cells.

ICRs are depleted for H3K27me3 in Ezh2”" iMEF cells. The upper panel show representative
data obtained using the bisulfite-based approach COBRA in Ezh2” iMEF cells for the
indicated ICRs. In the lower panel, deposition of the indicated histone modifications was
evaluated in the same ICRs, following native ChIP. To ascertain that H3K27me2 and
H3K27me3, which are both associated with repression (Ferrari et al., 2014), are affected at
ICRs in Ezh2” iMEFs, we used an antibody raised against these two modifications (Active
Motif, ref 39535, Clone 7B11). The precipitation level was normalized to the level obtained
in wild type iMEF cells. When data were obtained from two independent ChIP experiments
done using the same chromatin preparation, the standard deviation was not determined.

Global H3K27me3 reduction in Ezh2”" iMEF cells. Detail of western blot analysis in iMEF
cells before (-) and after (+) treatment with 4-Hydroxytamoxifen (OHT).






Supplementary Figure S9: EED deficiency has a limited impact on paternal Grb10 expression in
E6.5 conceptuses.
Embryos from a cross between an Eed” female and an Eed™ male bearing a lacZ insertion in Grb10

exon 7 (referred to as Grb10XC302) were collected at 6.5 d.p.c., genotyped and stained with X-Gal.
Reproduced from (Sanz et al., 2008), with permission from EMBO J.
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Grb10*

Plagl1

GnasXL

Airn
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Primers 5' > 3'

AGGTGAGTATGTACCCGGGCTTT
AGCGGGTATTTCTTACCGCGTTG
CGCTTCAGCGTACGAACGAGCA
GTGCCGCAGTTTGTAGCGCATT
TGCGCAACCACCAGACCACTGC
AGATATCGTTGTACTTCTTCT
TTCCTGCCTGCGCTCTCAGC
GCCGGTGGAGCTGTTGGGTG
TCAGGGTTGCCATGAGAACCAG
CGCTAAGCGAAGCAACACAGCCT
TTGGCCTCTGGCTTACARAG
GTGACTCATCGGCTGTATGC
AATGTCAGCCTCTGCTAGGG
GTCAGCAACCTGGATCTCG
GGAGGATTCTGCAGATGAGG
GCGTAGGGGAACCTTTGAG
GCCAAGTGGATCGCGCCAAG
CGGATCACTTGAGCACTAC
AGGTTGTGACTGGGAATCCTG
GCGGCAACAGAACTTCT
CTCTGTGCTAGCGTCTCCAG
AGGCACAGAARAAGCCCAGA
GGCATTAACACATGGGAAGG
CCGACTTTTAAAGCCCACTG
GCCTTGTCAGTTACCCTTGG
GAGAAGCGGAGAGATGTCCA
CGGATAATCGCGGATAATTG
TCGGAGGTACGGATGGTCT
GCCCCGCATCTCTTAACAT

TTATGTGACAATGCGGCAAA

ChlIP analysis

SNP B6/JF1
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cr

TIC
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TIC
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(728
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TIC

CIA
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G/A
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GIA
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SNP mm9 position

chr2:157,386,111 (rs27338077)

chr6:4,698,341
chr6:4,698,351
chr6:4,698,384

chr6:58,856,871 (rs49797894)

chr7:135,831,638 (rs50368586)

chr7:135,831,813 (rs31346795)

chr7:135,831,826 (rs31752757)
chr7:135.831.831

chr11:11,926,748

¢hr10:12,810,302 (rs33581138)
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Bisulfite analysis

Primers 5' > 3'

TGTTGTTGTAGGTGAGTATG
TTTCACAACACACAARATACCC
GAATTTGTGAAYGGGGTGAA
CTCCACTACCATAAACAAAAATTAC
GTAAATAAGTTTAGTTGAGT
ACAAACTCTCCATAAARATCT
TGATGGGTAGAGGGTTGTTA
CTCAACCACCTCATTTACCA
AGAGAAGATATGTTGAAGTTAT
TCTACCACTTAACTAAAAACAA
ATTTTGAATTTGGGTGTTTT
AARACACAAATCACCTCTTCC
GGTTTGGGGAGTTAGGTTAT
TACTTATCAAACCAAACAATC
ATTTTGTAGATGAGGGTAGGATT
AAATTTTCTTATAACCCAAAAATCT
GTGTGATYGTTTTTTGTATGGT
CTAAACAAAAAAACTCTCCAA
ATTGGTGAGTAATTTTTTGGA

ACARAACTCCTACATCCTAAAA

GAAGTAGAGAGGAGTAAGTAGGTAT
AACTTTCTTCACTAAAATCTAAAATTC
TTGATAATAGTAGTTTGATTGGTAGGGTGT

ATCTACAACCTTATCAATTACCCTTAAAAA

SNP B6/JF1*
(given following
bisulfite
conversion)
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Transcripts analysis

Primers 5' > 3'

TTCTGATCTGGACCAAGTCG

TTAACCCTCTTCCTCCACCAC

CCTAGGAATTCGTTGGCTGA

GATGCATATGCGGATGGAC

TGCGCAACCACCAGACCACTGC

AGATATCGTTGTACTTCTTCT

CAGGATGGAAGTGACACTGTAG

CCACATAGTAGGCAGCGTTAG

GTCAATTCCCTGGAAGCTGAGAA

CTGGTTGGCTTCTTTGTTGTG

GGCTTTCCTGCTCTCACAGA

ATGGCCTTTGGTTCTCACAC

AACTGGAGGAGGAGAAGATGG

GCCACAATGGTTTCAATGG

TTTCTCTGCATGGTCCTTCC

TTGAGCAAAGCACACTGAGG

ATGCAAAACAGCCAGAACG

ACACGAGCAATGCCAGTATC

CTCTGTGCTAGCGTCTCCAG
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GATTCGCAACAATGACGGCA

ATCCAGAATCGACACTGTGG

CCTGAGGCCARAAAGCCATC

CTTGGAGGAGGACGCTCGTT

CACGGAGGCTGGCCTTAAA

CCGCGATTATCCGTGGTACA

ATTTATGGCGAGGAGTGGTG

AGTGTCCATTTGGGGTCATC

SNP B6/JF1

GIA
TIC

AT

GIA

GIT

GIA

cr

CIG

AIC

AG
G/A

TIC

cm
TIC
G/A

cr
GIA

AG

SNP mm9 position

chr2:157,387,678 (rs27338074)
chr2:157,387,807 (rs27338072)

chr6:4,705,839 (rs32465148)

chr6:58,856,871 (rs49797894)

chr7:135,807,616 (rs49202299)

chr11:11,887,647

chr10:12,844,715 (rs29342169)

chr7:150,482,175

chr7:67,131,688 (rs51293023)

chr15:72,640,049 (rs31423566)
chr15:72,640,057

chr6:30,695,854

chr7:6,664,405
chr7:6,664,399 (rs50075878)
chr7:6,664,341 (rs50587768)

chr11:22,872,276
chr11:22,872,288 (rs26846196)

chr18:13,133,281 (rs31056582)



Supp. Table S2

ChIP analysis
Genomic region Primers 5' -> 3'
AGCACGCCCAAGACAACGTCA
Rpl30 promoter
TGTGCGGTAGTTGGTTGCTA
TATGCCGAGGGTGGTTCTCTA
IAP

TGCGGCAAAACTTTATTGCTT

HoxA3 promoter

CATCCGCTCATACCAAGCTTCTGA
GCAGGGAGGTAATTGCTGTGGTTT

HoxD8 promoter

CAGTCTCTGGCAGTTCTTT
CCTGTCCTGTGCTTAACG

Transcript analysis

Transcript Primers 5' -> 3'
Ppia GTGGTCTTTGGGAAGGTGAA
TTACAGGACATTGCGAGCAG
RpI30 AGTCTCTGGAGTCGATCAACT
AGCCAGTGTGCATACTCTGTAG
Gapdh ACAGTCCATGCCATCACTGCC
GCCTGCTTCACCACCTTCTTG
Th GCGATTTGCTGCAGTCATCA
p CAGCTCCCCACCATGTTCTG
TGCCACACTCCATCATCAAT
Arbp

CGAAGAGACCGAATCCCATA




Supp. lable 53

Provider Abcam Millipore Diagenode Millipore Millipore Millipore
Reference Ab32356 Milli 07-030 Diagenode 030-050 Milli 06-942 Milli 07-442 Milli 07-449
gr39844-3 JBC1865906
s gr84702-1 2309072 1 51636 JBC1361819 JB§3915897§§107 £
947550 2089140 2043528 JBC1764447

GR39894-3

dam 1739170
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