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early oocyte growth but degraded before the completion
of oocyte development.

To circumvent these limitations, we generated strand-
specific RNA-Seq libraries using ribosomal RNA depletion
on oocytes isolated at different stages of follicular growth
(i.e., non-growing oocytes (NGOs); growing oocytes (GOs;
GO1 for mice aged 8–14 days post-partum (dpp), GO2



the same approach as in Figure S1b in Additional file 1),
and logically the overlap is greater for more highly
expressed genes (Figure S2a in Additional file 1). We
also validated by RT-PCR a random selection of novel
genes (14) with a 100 % success rate for both multi- and
mono-exonic genes (Figure S2b in Additional file 1).

While novel genes represent 23.1 % of all expressed
genes in our oocyte transcriptome, they are, on average,
shorter than reference genes (median of 2.5 kbp and
19.1 kbp, respectively) and represent only 7.6 % of the
genomic fraction occupied by all expressed genes. In
addition, the expression level of reference genes is sub-
stantially higher than that of novel genes (median FPKM
of 2.65 and 0.19, respectively, from GO2 oocytes; Fig. 2a).

It is legitimate to assess what proportion of the novel
oocyte genes is likely to have biological function. There-
fore, we tested the potential of novel transcripts to
encode proteins through the use of the specialised pro-
grams Coding Potential Calculator (CPC) and Coding-
Non-Coding Index (CNCI) [28, 29]. CPC identified 841
mono- and 834 multi-exonic genes (18.6 % of all novel
genes) and CNCI 100 mono- and 188 multi-exonic
genes (3.2 %) as having coding potential. Even if predic-
tions based on such bioinformatic tools must be consid-
ered with care (the overlap between CPC and CNCI is
small — 171 genes), this suggests that we have identified
a substantial number of ncRNAs. Interestingly, novel
genes that appear to be oocyte-specific as they are not













(Chi-squared test, p value <0.0001). Similarly, we ob-
served a tendency for DNAme to extend beyond the 3′
end of a gene (for the top 40 % of genes based on their
expression, DNAme is still above 75 % at 1 kb down-
stream) and 18.7 % of methylated intergenic CGIs over-
lap with the first 1 kbp downstream of a gene. For the
remaining TSSs and intergenic CGIs, we investigated
their methylation level in NGOs, oocytes deficient in
DNMT3A and DNMT3L, and sperm, but found less
than ten to be methylated in these cases.

We next asked whether all CGIs located within tran-
scription units acquire DNAme, as might be predicted
from a transcription-based model. Out of the 2863 intra-





a previously published micro-ChIP protocol [44]. We pre-
pared chromatin from ~2000 growing oocytes (15 dpp)
for each genotype (Zac1o+/+ and Zac1o−/−), performed
immunoprecipitation followed by whole genome amplifi-
cation in duplicate with multiple quantitative PCR assays





Ensembl, UCSC and RefSeq gene models downloaded
from UCSC Table Browser as available on 1 October
2014. Genes were defined as in Cuffcompare within
Cufflinks v.2.1.1 output. Oocyte gene coordinates were
defined as the most upstream start and the most down-
stream end coordinates from all transcripts per gene.
Transcripts were categorised into reference and novel by
Cuffcompare, with categories =, c, j, and o marking the
transcripts of reference genes and categories i, u, and x
novel transcripts.

CGIs and igDMRs were defined as published [7, 9, 49,
50] and lifted over using the UCSC liftover tool into the
GRCm38 assembly, removing CGIs on Y chromosome.
CGIs were classified as TSS-associated if they overlap
the most upstream TSS of a gene ±100 bp, intragenic if
they overlap the gene but are not at the TSS, and inter-
genic without gene overlap. Coordinates for TEs (L1 and
L2 LINEs, S2 and S4 SINEs, ERV1s, ERVKs, ERVLs,
MaLRs) for the mouse GRCm38 genome build were
generated using RepeatMasker. TSSs were classified
as CGI-associated if a first base pair of a gene or
transcript ±100-bp overlapped a CGI and as TE-
associated if a first base pair of a gene or transcript
overlapped a TE on the same strand.
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