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The zygote of sexually reproducing organisms contains a combination of parental genomes,
and all subsequent cells of the embryo are derived from this original genotype. Although
clonal, it is not known how much genetic variation exists in progeny of this original cell, or
between cells of the same lineage resulting from this zygote. Oocytes in mammals,
especially humans, have prolonged developmental histories and each may be quite different
in terms of gene expression. It is clear that oocyte quality can differ significantly within a
cohort, and the variation in early developmental success from each oocyte can be dramatic.
Oocyte quality is ultimately best measured by success of the embryo, but other features,
such as normalcy of the mRNA population, may be important criteria to identify such
potential. Here we test the variation in steady-state levels of mRNAs in mouse oocytes to
establish a baseline of “normal” variation, and compare it mRNA levels of individual
oocytes of poor quality. We sequenced to saturation the mRNA from 5 wildtype oocyte
samples (three individual oocytes, and 2 pools of 5 oocytes each from 2 wildtype mice) and
16 Taf4b-deficient oocyte samples (12 individual oocytes and 4 pools of 5 or 10 oocytes
each from 2 Taf4b-deficient mice). The Taf4b-deficient mice are known to have oocytes that
appear morphologically normal (Figure 1A and B), but are of poor quality with regards to
successful embryogenesis. This genotype was selected as a model for human premature
ovarian insufficiency (POI; Lovasco et al., 2010). Taf4b-null animals are viable as adults,
but the oocytes they make die prematurely in adults, leading to a POI phenotype, and any
oocytes that mature and are fertilized do not develop past the 2–4-cell stage (Falender et al.,
2005; Lovasco et al., 2010).

The hypothesis tested here is that the transcriptome of the Taf4b-deficient oocyte differs
significantly from that of the wildtype oocyte. To properly assess this, we also needed to
determine the variance between individual oocytes to ascribe significance to the comparison.
This data set was generated by high throughput DNA sequencing following transcriptome
amplification (Reich et al., 2011) and compared within and between genotypes to determine
the variance. To test the fidelity of the amplification process for this protocol, prior to and
independent of high-throughput DNA sequencing, oocytes from a wildtype mouse were
isolated and pooled before lysing. Following DNase treatment, one oocyte-equivalent was
isolated and the cDNA library was synthesized. The resulting library was diluted 100 times,
the approximate volume of a single polar body, which is important if a polar body were to
be used to determine the oocyte quality without harming the oocyte (Reich et al., 2011).
Three samples from this pool were independently amplified, and each technical replicate
was tested by qPCR as a measure of the fidelity of the amplification procedure (Reich et al.,
2011). Overall, low technical variation was detected, providing confidence in the protocol
(Figure 1C). We do not know what kinds of bias the amplification procedure may have, but
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based on these results, the amplification appears to be consistent. The starting material for a
polar body is so limiting, however, that even with this cDNA amplification, qPCR is only
able to consistently amplify some transcripts – most rare transcripts have high Ct values,
thus the sensitivity of sequencing is therefore preferred.

In order to test the inter- and intra-genotype variation, we collected oocytes from Taf4b-null
and wildtype oviducts after ovulation, mechanically and enzymatically stripped of all
granulosa cells, and processed the cells for cDNA synthesis and amplification for
sequencing as described (Reich et al., 2011). The libraries were sequenced on a HiSeq 2000,
and the reads were mapped to the mouse genome (mm9) using TopHat (Trapnell et al,
2009), yielding an average of 219,207 (std. 138,190) mappable reads per sample. These
reads were tested for differential expression using edgeR (Robinson, and Smyth, 2007). A
total of 11,373 genes were detected across all 21 samples that were also above a filter
threshold of greater than 20 raw counts across all 21 libraries, and a total of 3,242 genes
were differentially expressed with a false discovery rate (FDR) of <0.05 (Supplemental
Table 1). A large number of genes are upregulated in the Taf4b mutant samples, including
3,465 genes undetected in the wildtype samples; 1,037 of these genes achieve significance
(Supplemental Table 1 and Figure 1D). The gene-by-gene average of the RPKM (Reads Per
Kilobase of transcript per Million mapped reads) from one genetic background is very
similar to the average RPKM from another background (Figure 1D). The log-transformed
standard deviations of the RPKMs of wildtype and knockout samples (Supplemental Figure
2) closely mirrors the graph of the means of the RPKMs (Figure 1D), suggesting: a) as genes
become more abundant, the variation increases, b) different genomic backgrounds have
similar rates of variation, and c) assuming the qPCR results from (Figure 1C) represent the
technical variability of all genes, then any bias introduced by the amplification process
appears significantly less than the biological variability within a population.

Although the gene-by-gene standard deviation of the RPKM scales linearly with the
abundance of the gene, suggesting that samples within a background are similar, we
compared how the entire gene set of a sample compared with another sample within the
same genetic background and also across backgrounds. The 5 samples isolated from the two
wildtype mice (WT1 and WT2) and 16 samples from the two Taf4b mutant mice (KO1 and
KO2) clearly segregate by genotype into two main groups; within a group, the samples
segregate by mouse to a great degree (Figure 2, and Supplemental Figure 1). Only one of the
wildtype samples clustered together with the knockout samples, although the distance
between this wildtype sample and all knockout samples (cophenetic distance) is larger than
any of the other samples within this group; this indicates that its transcriptional profile is
intermediate between the two genotypes.

We conclude that the biological variability of transcriptomes can be quantified between
single cells within a genotype, and the comparison between genotypes can reveal genes that
are differentially expressed in a robust manner. This approach may help reveal oocyte
quality by use of the polar body metric without harm to the oocyte (Reich et al., 2011).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A, B) Photos of sequenced wildtype and Taf4b-knockout oocytes
C) qPCR was performed in triplicate on the amplified library for beta-actin and 18s rRNA,
and the Ct values are reported here. Dil-Oo refers to oocyte samples diluted 100-fold (see
text).
D) Knockout vs wildtype means: All genes above the filter are plotted with respect to the
log of the average RPKM across all wildtype or knockout samples. Genes with a significant
P-value and an FDR less than 0.05 are shown in red.
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Figure 2.
Dendogram of 5 wildtype samples and 16 Taf4b-knockout samples showing the high
sample-to-sample relatedness within genotypes and even within individual mice (see
Supplemental Figure 1 for full details). Each sample name also describes the type of sample
and the biological replicate of that type from the same mouse. S=single oocyte and P=pool
of oocytes; KO2S.5=knockout mouse #2, single oocyte biological replicate #5.
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