Abstract

The oocyte-to-embryo transition (OET) is a complex biological process during which a
terminally differentiated oocyte undergoes numerous and coordinated changes to emerge as a
collection of totipotent cells - initial blastomeres of a preimplantation embryo. In mammals, this
process is primarily controlled through post-transcriptional regulation of maternal RNAs and
transcriptional induction of zygotic RNAs. Technological advancements of next-generation
sequencing methods during the last decade enabled studying OET through bioinformatic studies
of high-throughput transcriptomics and genomics datasets. The work presented in this thesis
explores mechanisms of post-transcriptional regulation and dynamics of different RNAs during
OET by utilizing in-depth computational analyses. The presented work is divided into three topics,
all covering distinct regulatory facets of the mammalian OET and illustrating roles of different

RNA species.

The first topic discusses dynamics of maternal transcriptomes in mouse. In our research,
we explored roles of deadenylase CNOT6L in the maternal mRNA turnover in mice. We provided
evidence that animals deficient in Cnot6/ expression are subfertile, due to disruption in
deadenylation and degradation of maternal mRNAs deposited in the oocyte. In another study, we
computationally analyzed the evolutionary history and functions of Sirenal, the most abundant
IncRNA in mouse oocyte. Differential expression analysis of mouse oocytes lacking Sirenal did
not show significant effect on the maternal transcriptome but suggested that its high expression

might contribute to mitochondria functions.

As another segment of the project, we studied contributions of retrotransposons to
transcriptomes of mouse oocytes and early embryos. During early development, distinct
retrotransposon families reshape transcription in a stage-specific manner by expressing functional
gene parts they carry in their sequences. We computationally summarized the expression of one
hundred most expressed retrotransposon insertions from MuERV-L families and detected
increased transcript levels up to 120 kb downstream from insertion sites. Furthermore, we
described a notable instance of co-option of LTR element from MTD family that resulted in the

de-novo genesis of a protein coding gene in mouse.



In contrast to their evolutionary contribution to gene programs in mammalian oocytes and
early embryos, active retrotransposons pose a significant and immediate threat to the genome
stability in germline. The last part of this thesis examines functions of PIWI-interacting RNAs
(piRNAs) in genome defense in the germline of golden hamsters. We created a computational
procedure that identified and annotated full-length, putatively active retrotransposons in golden
hamster genome assembly. Using specifically designed algorithm, we quantified expression of
piRNAs targeting those intact insertions and provided evidence that the expression of

retrotransposons impairs fertility in both male and female hamsters.



