


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. 

 





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”. 

 





Supplementary Figure S3: Characterization of mat-ICRs marked by bivalent chromatin in ES 

cells 

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

is shown in a 4Kb window centered on the TSS. Raw data were extracted from publicly 

available ChIP-seq data (replicate samples GSM1173371/GSM1173372 for total PolII 

(Bunch et al., 2014) and replicate samples GSM866724/ GSM866723 for H3K64ac (Di 

Cerbo et al., 2014)) and processed with a home-made script. 

B) 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. 

 









Supplementary Figure S4: Paternal expression correlates with loss of H3K27me3 at mat-ICRs 

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 C57Bl6/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.  

 





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.  

 





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 Plagl1 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.  

 





Supplementary Figure S7: Most ICR-associated transcripts are expressed biallelicaly in Dnmt3l-

/+ embryos 

Example of gene expression analysis in pools of at least 15 WT and Dnmt3l-/+ 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. 

 





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 

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. 

B) 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.  

C) 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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