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We study mechanisms gaverning the gene expression control during mammalian oocyte-to-embryo transition [OET, Fig. 1).
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Mammalian OET is an orchestrated process where a highly specialized cell - the oocyte - is transformed into a cell that will develop > P
into a new organism. Impartantly, oocyte reprogramming is closely associated with producing the pluripotent nature of embryonic m'l\ ‘/ —— & ) il
cells, i.e. their ahility to differentiate into any body cell type. We currently work on three OET topics: e sy s :
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OET relies on extensive post-transcriptional control of maternal mRNAs. Maternal mRNAs, which are no longer needed, are eliminated 5 (@) Pt
while mRNAs, whose products are needed for zygotic genome activation (ZGA), are maintained and translated (Fig. 2). We focus
on the molecular foundations of selective mRNA degradation. While saome maternal mRNAs are naturally unstable, others are

relatively stahle and their degradation occurs in waves triggered hy three major developmental transitions: resumption of meiosis,
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Fig. 1. Oocyte-to-zygote transition is

a unigue model for studying pluripotency.
The mammalian oocyte is a highly
specialized cell, whose cytoplasm is
capable of reprogramming a genome to
initiate development of a new organism.
The blastomeres of the 2-cell embryo

are totipotent as they can give rise to all
embryonic and extraembryonic tissues. The
pluripotent embryonic stem cells, which
have potential to give rise to any body cell
type, are derived from the blastocyst, the
final preimplantation embryo stage carrying
the first defined cell lineages.

fertilization, and ZGA. We aim to develop an integrated model based on the dynamics of mRNA degradation pathways, mRNA binding
proteins, and combinatorial composition of 3'UTR motifs, which would explain the ohserved maternal mRNA behaviour.

Fig. 2. Lin28a dormancy. Lin28 mRNA
stored in the oocyte is recruited for
translation after fertilization

Role of small RNAs during OET

We study the role of small RNAs [microRNAs [miRNAs), short interfering RNAs [siRNAs] and PIWI-associated RNAs [piRNAs])

in the mammalian female germline. Mouse oocytes offer a unique co-existence of all three classes of small RNAs. It was reported
that miRNA activity is minimal and non-essential in mouse oocytes, while endogenous siRNAs are required for normal meiotic
maturation. We discovered the cause of highly active RNAi in mouse oocytes - a unique truncated maternal isoform of Dicer, the key
enzyme in siRNA hiogenesis (Fig. 3). Such an isoform was not found in other mammals except rats. Our current research addresses
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endogenous RNAi-related questions: How do the small RNAs function in oocytes of other mammals? Which consequences would
bring enhanced RNAi in somatic cells? Can we use chemical biology to modulate RNAi and miRNA pathways?
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Role of long non-coding RNAs during OET

Long nan-coding RNAs [IncRNAs] are a heterogeneous group of genome-encoded RNAs, many of which have important hiological
functions. In collaboration with the laboratory of Kristian Vliahavicek from the Zagreb University (bioinfo.hr), we explored microarray
and next-generation sequencing datasets and generated a catalogue of IncRNAs expressed during OET. Remarkably, many of the
identified IncRNAs are novel and have unique expression patterns. We currently work on functional analysis of selected candidates.
This research is supported by a Marie Curie Initial Training network, RNATRAIN.
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Fig. 3. Specific retrotransposon element
deletion phenocopies conditional

Dicer deletion in mouse oocytes. (A)
Schematic depiction of cleavage sites for
specific TAL effector nucleases (depicted
as scissors]) to generate the =MT allele.
(B) Truncated Dicer (DicerQ] isoform
expression is absent in *\MT/=MT oocytes.
(C. D) Spindle defects frequently appear
upon loss of Dicer0.
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