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Figure S2
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Figure S3
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Figure S5
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Figure S6
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Figure S7

Microarray exprassion
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Figure S8
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Figure S1. Global methylation profiling

(A) Conversion efficiencies in BS-Seq datasets. Measured were levels of CHH

(B)

(©)

methylation with 1kb tiling probes across the genome and shown is the proportion of
all probes with varying CHH methylation levels. Note that the largest proportion for
each dataset shows complete conversion indicating that conversion efficiencies are
high. Two independent biological replicates (1 and 2) are shown for the embryonic
samples and two technical replicates of the same BS-Seq library is shown for the J1
samples (highlighted by the asterisk). It is indicated whether the libraries were
sequenced on the GI1AXx or HiSeq platform.

Global methylation dynamics. Methylation levels of 5kb tiling probes were
compared pair wise between two data points (indicated below) and shown is the
number of probes with a 25% and 50% increase (top) or decrease (bottom) in
methylation levels. Note that the biggest decrease in methylation levels occurs from
E6.5 epiblast to E9.5 PGCs and that virtually no de novo methylation is observed
outside of the comparison between E13.5 and E16.5 male PGCs.

Example figures for the maternally methylated Kcnglotl DMR (left), the paternally
methylated Rasgrfl DMR (middle), and the Xist promoter region (right). Each bar

represents a single CG dinucleotide.

Figure S2. Promoters with slow demethylating Kinetics

(A) Methylation levels for the entire genome (left) and across the X chromosome (right)

(B)
(©)

assessed by 5kb tiling probes. Note that the demethylation kinetics for the X
chromosome closely resembles those of the whole genome. Outliers are not shown.
Methylation levels for CGls across the whole genome.

Example figure for a CGl-containing promoter with late demethylation kinetics.
Methylation levels seem to be retained especially around the CGI within the

promoter. Each bar represents a single CG dinucleotide.



(D) Percentage of promoters that overlap or are nearby (<1kb distance) to confirmed

Zfp57-binding sites (Quenneville et al., 2011). Note that there is an enrichment for

Zfp57 binding sites in late demethylating CGI promoters.

Figure S3. Resistance to demethylation

(A) Methylation levels for 1APs (left), LINEs (middle), and SINEs (right) across the

(B)

(©)

genome. Note that IAPs retain high levels of methylation whilst LINEs and SINEs
undergo significant methylation reprogramming.

Numbers for non-CGI promoters and CGls that were selected for > 25% methylation
at E13.5 in male (left) and female (middle) PGCs. The number of elements
overlapping between the lists for male and female PGCs is also indicated (right).
Note that resistant non-CGI promoters are more frequent than resistant CGls and that
the overlap between male and female PGCs increases in the presence of an IAP
nearby.

Methylation levels of non-CGI promoters that were selected with >25% methylation
in male (left) and female (right) PGCs of E13.5 without the presence of an IAP (top)
or with an 1AP nearby (bottom). Note that non-CGI promoters show consistently

higher methylation levels in the presence of an IAP nearby. Outliers are not shown.

Figure S4. Local effect of IAPs on methylation resistance

(A)

(B)

IAP frequencies found near (< 2kb) or overlapping with CGI-containing or non-CGl
promoters. Note that IAPs are rarely found near CGIl-containing promoters and
frequencies increase drastically for non-CGI promoters selected for > 25%
methylation in E13.5 PGCs.

Distance effect of IAPs. Shown are methylation levels for all non-CGI promoters
overlapping with or nearby (1kb — 10kb) an IAP in all datasets. Note that the

resistance effect is highest up to 2kb away from the 1AP.



Figure S5. Resistant CGls in various datasets.

(A) Methylation levels for CGls in sperm and oocyte RRBS datasets (Smallwood et al.,
2011) selected for > 25% methylation in male (left) and female (right) PGCs of E13.5
without the presence of an IAP (top) or with an AP nearby (bottom).

(B) VECs were identified as CGls with > 25% methylation in either male (left) or female
(right) PGCs of E13.5 without the presence of an AP nearby. Each datapoint
represents methylation levels for one CGI. Datasets included in this analysis were ES
cells (1), blastocyst, sperm, and oocyte (Kobayashi et al., 2012), ES cells (2) (Stadler

et al., 2011), 2-cell embryo and ICM (Smith et al., 2012).

Figure S6. Continued hairpin phasing analysis of the LINELTf consensus sequence.

Analysis of PGC samples of various time points. Note that in all datasets, there is a strong
strand bias for meCGs toward either top or bottom strand highly similar to the outcome for
the simulation of passive DNA demethylation (see Figure 5). The number of meCGs is
drastically reduced to E13.5 but the strand bias for meCG is preserved throughout the time

course.

Figure S7. Continued analysis of passive demethylation pathways.

(A) Expression analysis of the DNA methylation machinery, see Figure 5 for more detail.
Note that the expression of the de novo methylation machinery is downreglated in
early PGCs until E16.5, at which point Dnmt3a and Dnmt3L seem to increase in
expression. Tetl is highly expressed in early PGCs, similar to ES cells, and becomes
trancriptionally downregulated toward E16.5.

(B) Staining for Np95 and Dnmtl in replicating PGCs of E13.5 male embryos. Gonads
were cultured for 1 hour in the presence of EdU. Note that Np95 localizes
predominantly in the cytoplasm of replicating PGCs whilst Dnmt1 signal is strongest
in the nucleus. This suggests that whilst the staining pattern for Dnmtl is in line with

the cell cycle stage, the Np95 pattern appears to be cell cycle independent.



(C) Control staining for the Np95 antibody in Np95 KO ES cells. Signal for Np95
staining is virtually absent and this shows high specificity of the antibody.

(D) Sub-cellular localization of Np95 in PGCs throughout development. During the time
course analyzed in this study, we found Np95 consistently localized preferentially to
the cytoplasm. This is the case for both replicating PGCs (E10.5 — E13.5) and cell
cycle arrested PGCs (E13.5 — E16.5). This suggests that uncoupling of the Np95
pattern from the cell cycle may be a common phenomenon throughout PGC

development.

Figure S8. Correlation analysis for transcription and DNA methylation.

(A) Methylation levels for CGl-containing (left) and non-CGl (right) promoters of
transcripts that change in expression levels from E13.5 to E16.5 in male PGCs. Note
that all promoters show increased methylation levels in E16.5 male PGCs and that
only CGlI-containing promoters of transcripts with decreased expression show a
slightly lower increase in methylation levels than all other promoters.

(B) Methylation levels of gene bodies for transcripts that are expressed at low or high
levels in E16.5 male PGCs. Only transcripts with a length >25kb were selected and
transcripts within the bottom and top 5% of the RPKM were selected for low and
high expression, respectively. For each gene with multiple transcripts in this set, the
transcript with the highest expression level was selected. Note that gene bodies of
transcripts with low expression at E16.5 in male PGCs show lower methylation
levels than all other transcripts.

(C) Methylation example graphs for genes from the pluripotency cluster. Each bar

represents a single CG dinucleotide.



Supplemental Experimental Procedures

DNA/RNA purification

Genomic DNA and total RNA was extracted either in combination using the Qiagen All Prep
DNA/RNA Micro kit according to the manufacturers’ instructions or if DNA and RNA were
collected separately, Qiagen’s QIAmp kit was used for extracting DNA and Life Sciences’s

Picopure kit for extraction of total RNA according to the manufacturers’ instructions.

Annotations

CGl annotations were used based on pull down experiments (lllingworth et al., 2010).
Promoters were defined as the region -1kb to +100bp of the transcription start site as
annotated in NCBIM37. DMR coordinates were used from E12.5 embryos (Tomizawa et al.,
2011). Consensus sequences were used for the analysis of LINELTf (DeBerardinis and
Kazazian, 1999), LINE1A (Schichman et al., 1993), and IAP1 and IAP2 (Qin et al., 2010).

Repeat annotations were extracted from the UCSC RepeatMasker track (mm39 build).

BS-Seq Analysis
Raw sequence reads were trimmed to remove both poor quality calls and adapters using

TrimGalore (www.bioinformatics.babraham.ac.uk/projects/trim_galore/). Remaining sequences

were mapped to the mouse NCBIM37 genome using Bismark (Krueger and Andrews, 2011),
and CG methylation calls were extracted which excluded any duplicate calls from
overlapping read ends of short inserts. Read numbers varied greatly depending on the
sequencing platform used. For consistency, only the sample with the highest read number for
each time point was used in the subsequent analysis. Methylation over a region was
calculated for each CG in the region and then these individual values were averaged to give a
representative value for the region. Only regions where at least 5 CGs had been measured
were taken forward for subsequent analysis. Regions that were covered by a disproportionally
high read number and were most likely mapping artifacts were excluded from subsequent

analysis. For consensus repeat methylation analysis Bismark was used to map all reads



against a consensus sequence for each repeat class and the methylation calls from these

results were analysed directly.

RNA-Seq Analysis

RNA-Seq data was mapped to the mouse NCBIM37 genome assembly using TopHat in
conjunction with gene models from Ensembl release 61. Initial quantitation was made by
counting the number of reads per transcript corrected per million reads (RPKM). This was
adjusted by globally matching the count distributions at the 75th percentile, and then
adjusting counts to have a uniform distribution across all samples. For comparisons of
absolute expression the quantitated value was corrected by the length of the transcript in
kilobases. Differential expression was called by selecting transcripts which changed with a
significance of p<0.05 after Benjamini and Hochberg correction using a null model
constructed from the 1% of transcripts showing the closest average level of observation to
estimate experimental noise. Expression clusters were defined by performing hierarchical
clustering of transcripts based on a Pearson’s correlation across all samples, and selecting
groups which were related R>0.7 and which contained at least 10 transcripts. Alignments of
RNA-Seq data sets against repeat consensus sequences were carried out using Bowtie
(v0.12.8, default options) whereby the fraction of aligning reads was scored. Publically
available datasets for ESC and MLF (Guttman et al., 2010), J1 (Ficz et al., 2011), ES and EB
(Cloonan et al., 2008), and TKO ES cells (Karimi et al., 2011) were included in this analysis

where indicated.

Functional Enrichment Analysis (GO analysis)
Function enrichment was analysed by generating a non-redundant list of genes from an initial
transcript list and analysing this with the DAVID web tool, using a background of all mouse

genes. Groups with a significance of p<0.05 after correction were taken to be significant.



Microarray data analysis

The microarray data from early PGCs (Kurimoto et al., 2008) and ES cells (Vincent et al.,
2011) was analysed with R/Bioconductor using the package affy. The PGC expression data
and the ES data were normalised together using robust multi-array average (RMA) expression
measure. Normalised expression data for specific genes was extracted. Where genes had
multiple probes, the probe with the highest average (mean) expression was selected as it was

reported that this leads to best between-study consistency (Miller et al., 2011).
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