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What defines the maternal transcriptome?
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In somatic cells, RNA polymerase Il (Pol Il) transcription initiation starts by the binding of
the general transcription factor TFIID, containing the TATA-binding protein (TBP) and 13
TBP-associated factors (TAFs), to core promoters. However, in growing oocytes active
Pol Il transcription is TFIID/TBP-independent, as during oocyte growth TBP is replaced
by its vertebrate-specific paralog TBPL2. TBPL2 does not interact with TAFs, but stably
associates with TFIIA. The maternal transcriptome is the population of mMRNAs produced
and stored in the cytoplasm of growing oocytes. After fertilization, maternal mRNAs are
inherited by the zygote from the oocyte. As transcription becomes silent after oocyte
growth, these mRNAs are the sole source for active protein translation. They will partici-
pate to complete the protein pool required for oocyte terminal differentiation, fertilization
and initiation of early development, until reactivation of transcription in the embryo, called
zygotic genome activation (ZGA). All these events are controlled by an important reshap-
ing of the maternal transcriptome. This procedure combines cytoplasmic readenylation of
stored transcripts, allowing their translation, and different waves of mRNA degradation by
deadenylation coupled to decapping, to eliminate transcripts coding for proteins that are
no longer required. The reshaping ends after ZGA with an almost total clearance of the
maternal transcripts. In the past, the murine maternal transcriptome has received little
attention but recent progresses have brought new insights into the regulation of maternal
mRNA dynamics in the mouse. This review will address past and recent data on the
mechanisms associated with maternal transcriptome dynamic in the mouse.

OPEN ACCESS

In Eukaryotes, three DNA-dependent RNA polymerases transcribe the nuclear genome: RNA poly-
merases I, II and IIT (Pol I, Pol II and Pol III, respectively). In plants, there are also Pol IV and Pol V,
involved in gene silencing [1]. RNA produced by Pol I (long ribosomal RNA precursors; 45S rRNA)
and by Pol III (short non translated RNAs such as transfer RNA (tRNA) and 5S rRNA) represent the
vast majority of the RNA present in the cell. Pol II is responsible for the generation of the messenger
RNAs (mRNAs), long non-coding RNAs, and short non-coding RNAs. These Pol II transcribed
RNAs, the mRNA in particular, represent only a minor fraction of the total RNA molecules in a given
cell, but functionally the most interesting part. First, the proteins encoded by these mRNAs are crucial
for the function, structure and specificity of each cell. Among these proteins, transcription factors
control gene expression and transcription. Second, the mRNA content is variable, depending on the
cell type, but also on the cell state: it represents the cell identity and fate at a given time. The popula-
tion of mRNA can evolve upon changes of the cell state, such as during differentiation or during
development. For these reasons, the notion of transcriptome is usually restricted to Pol II transcripts.
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Revised: 5 July 2021 The population of steady-state RNAs that form the transcriptome at a given time during the life of a
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The generation of the cellular diversity of a multicellular organism results from the regulation of specific
gene expression. Remarkably, the zygote is initially transcriptionally silent and all the initial developmental
events are dependent on RNA and proteins inherited from the gametes. Due to the difference of size between
the male and female gametes, the cytoplasm of the fertilized egg is almost exclusively contributed by the
oocyte. As a consequence, the initial pool of transcripts of the zygote, prior to the zygotic genome activation
(ZGA), is inherited from the oocyte and is called the maternal transcriptome. The oocyte is particularly rich in
very stable mRNA: the general half-life of these mRNA is ~2.5 weeks (compared with a few hours, see above)
[5-8] and 20% of the total RNA of a fully grown oocyte is mRNA, which is ~10 times higher than in any
somatic cell [9]. The maternal transcriptome is established by active transcription in growing oocytes
(Figure 1). At the end of the oocyte growth, the transcription becomes silent and all the events up to and
beyond fertilization are controlled by the stability and translatability of the maternal transcriptome.

Here we will review our knowledge about maternal transcriptome establishment during oogenesis and how it
is reshaped until the reactivation of zygotic transcription. We will focus mostly on the mouse model, as recent
studies allowed a better understanding of the mechanisms associated with the evolution of the maternal
transcriptome.
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Figure 1. Establishment and reshaping of the maternal transcriptome in the mouse.

(A) Summary of the folliculogenesis and early development in the mouse. Each follicle (from primordial to pre-ovulatory) contains a single primary
oocyte arrested at the end of prophase I. Oocyte growth occurs from the primary to the pre-antral follicle stages in a 3-weeks period. Oocyte
maturation leads to the resumption of meiosis and ovulation of a secondary oocyte arrested in metaphase Il. Meiosis Il is completed upon
fertilization. Zygotic genome activation (ZGA) is initiated in late 1-cell embryo and complete in 2-cell embryo stages. The indicative timing of

folliculogenesis is indicated below [15]. dpp, days post partum. (B) Dynamic expression of TBP (blue) and TBPL2 (pink) proteins. While both TBP
and TBPL2 proteins are present in primordial follicle oocytes, TBP is not present during oocyte growth, being replaced by TBPL2. After oocyte
growth, TBPL2 protein is not detected anymore. Only TBP protein reappears after fertilization. (C) Evolution of the maternal transcriptome (beige).
Oocyte growth is characterized by an important increase in RNA polymerase Il transcription activity (red curve) driven by the TBPL2 machinery.
Transcription ceases after oocyte growth and remains silent until ZGA. A major reshaping of the maternal transcriptome begins with oocyte
maturation by maternally controlled mRNA decay (green curve) degrading 50% of the transcripts, while only 30% remain at fertilization. The
degradation is reinforced after ZGA by embryonically controlled mRNA decay products (blue curve).
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What is the role of the maternal transcriptome?

The male and female gametes are transcriptionally silent. An important step after fertilization is the activation
of the transcription of the embryonic genome, also called ZGA, which happens several hours after fertilization.
ZGA is occurring in two waves, a minor and a major [10].

Depending on the species, little or lot happens between fertilization and ZGA. In species like insects, nema-
todes, fish or amphibians, which develop rather quickly, several very fast cell divisions occur in the total
absence of transcription. In mammals, which are developing more slowly, initiation of ZGA occurs prior to the
first division and is complete at the two-cell stage in the mouse [10]. Altogether, these observations indicate
that the early development of embryos is not controlled by active transcription, but by distinct RNA and
protein products inherited from the oocyte. At this stage, in the absence of active transcription, post-
transcriptional modifications, translation or degradation of mRNAs, as well as post-translational modifications
or degradation of proteins are the mechanisms by which early development occurs. In fast developing clades,
asymmetric distribution of specific mRNAs inherited from the oocyte is crucial for the patterning of the
embryo or establishment of the germline [11]. Thus maternal transcription is functionally important to direct
early development almost up to the initiation of gastrulation [10]. In mammals, the situation is different as
ZGA is initiated already before the first division [10]. One explanation is that in mammals, the embryonic
development stricto sensu is delayed to favor the implantation of the embryo in the uterus for the establishment
of the maternal support of embryonic development via the formation of the extra-embryonic annexes [12].

Independent of the extent of maternal control of embryonic development, in all clades the maternal tran-
scriptome is important before fertilization, as it is required for the resumption of meiosis, a crucial step before
ovulation and fertilization [13] (Figure 1). This process is controlled by active degradation of specific tran-
scripts, but also by the translatability of the available transcripts (see below). While the maternal transcriptome
is important for the competence of the oocyte to resume meiosis and to initiate early zygotic development, its
degradation is also required for proper development [14]. Active degradation initiated during meiotic matur-
ation (Figure 1) and persisting up to the ZGA is required for the almost complete elimination of the maternal
transcriptome [10]. Defects in this process lead to impaired oocyte maturation characterized by failure to (i)
properly resume meiosis I and/or (ii) early embryonic development arrests [15-23]. Thus, while the maternal
transcriptome is important to prepare fertilization and to drive early embryonic development, it has to be
eliminated and replaced by the embryonic transcriptome, which will control the development of the zygotic
genome.

Establishment of the maternal transcriptome
In mice, the maternal transcriptome is built during oogenesis. Oogenesis starts during embryonic development.
After a phase of proliferation, all the oogonia initiate the first meiotic division by embryonic day (E) 13.5.
Remarkably, all these primary oocytes become arrested at the end of the prophase I and will be maintained
during adulthood in this arrested state until the periovulation phase. Therefore, oocytes are unique because
they do not divide and they contain 4 copies of the genome. Around birth, the primordial follicles containing a
single oocyte associated with few follicular cells are formed. They constitute a limited pool of germ cells that
will support the reproductive life of the females. A subset of these primordial follicles is continuously selected
for folliculogenesis (i.e. the development of the follicle up to the release of the oocyte). During this process, the
follicles increase in size and complexity via the proliferation of the granulosa cells, the oocyte is growing and
increases its volume by ~150-fold in a 3-weeks period (Figure 1). The growth of the oocyte is the consequence
of a dramatic increase in specific transcription activity, allowing the accumulation of transcripts and proteins
that are required for the acquisition of the competence for meiosis, fertilization and embryonic development.
Pol II-mediated transcription requires the assembly of the pre-initiation complex (PIC) on the promoters
[24]. The PIC is formed by the sequential addition of general transcription factors (GTF), including TFIID,
which is important to correctly position Pol II on core promoters for specific transcription initiation [25]. Most
of the Pol II GTFs are multisubunit complexes. An important particularity in growing oocytes is that Pol II
transcription initiation is mediated by an oocyte-specific protein complex [26]. In somatic cells, TFIID com-
posed of the TATA-binding protein (TBP) associated with 13 TBP-associated factors (TAFs), is the first GTF to
bind to promoters. TFIID is also present at the early stage of folliculogenesis, as TBP protein is detected in the
oocytes of primordial follicles. Interestingly, during oocyte growth, Tbp is still actively transcribed, but Thp
transcripts are only stored and not translated [27]. As a consequence, TBP protein is not detected in the
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oocytes of primary follicles and onward, and only reappears in 1-cell stage embryos at the time of the ZGA
[28] (Figure 1). In growing oocytes, TBP is replaced by a vertebrate specific paralog: TBP-like 2 or TBPL2 (also
called TRF3 or TBP2) [28]. The DNA binding domains of mouse TBP and TBPL2 share 95% conservation,
and similarly to TBP, TBPL2 is able to interact with TATA-boxes and with the Pol II GTFs TFIIA and TFIIB
[29,30]. TBP and TBPL2 however differ in their N terminal domains, showing basically no conservation
[29,31]. In mice, TBPL2 is only expressed in oocytes and is initially detected at the primordial follicle stage, up
to antral stage [28,32] (Figure 1). TBPL2 is not detected in the oocytes of pre-ovulatory follicles. TBPL2 is abso-
lutely required for oocyte growth as Pol II transcription stops in Thpl2™'~ mutant oocytes resulting in an arrest
of growth between the primary and secondary follicle stages [33]. As a result, Thpl2~'~ females are viable, but
sterile [33]. Similarly, TBPL2 is highly enriched in the oocytes of Xenopus and zebrafish and a similar TBP/
TBPL2 switch has been documented [30], suggesting that this transition is conserved in vertebrate oocytes.
Recently, a recurrent null mutation in TBPL2 has been identified in human female patients with fertility pro-
blems [34,35], further suggesting that the role of TBPL2 in transcription initiation during oocyte growth is con-
served in all vertebrates. However, a main difference is that in Xenopus and zebrafish embryos, TBPL2 is still
present after fertilization and is involved in early development [29,30,32].

The murine TBPL2-containing complex has been recently characterized in vivo by immunoprecipitation
coupled to mass spectrometry. Contrary to TBP, TBPL2 does not assemble in a TFIID-like structure as it does
not interact with TAFs, but strongly associates with TFIIA [26]. The non-functionality of any TFIID-like
complex was further demonstrated by the apparent absence of TAF7 in the oocyte nuclei and by the lack of
oogenesis defects in Taf7 oocyte-specific conditional mutant females [26]. Remarkably, cap analysis of gene
expression (CAGE) during oocyte growth has suggested that TFIID/TBP and TBPL2 recognize different types
of promoters [26]. While TFIID/TBP-promoters are devoid of recognizable TATA-elements and have a broad
transcription start site (TSS) architecture, TBPL2-dependent promoters are enriched in TATA-like elements
and have a sharp TSS pattern. As a consequence, TBPL2 imposes a specific signature of TSS usage that charac-
terizes the maternal transcriptome [26]. Remarkably, this signature is different from the TFIID/TBP-type
embryonic signature that takes over at ZGA [36,37].

Another characteristic of Pol II activity during oocyte growth it the strong expression of endogenous retro-
viral elements (ERV) [38]. These elements are retrotransposons derived from retroviruses usually silenced in
somatic cells. During oocyte growth, a particular class of ERV, ERVL-MaLR (endogenous retrovirus like mam-
malian apparent LTR retrotransposons), is highly expressed via transcription mediated by TBPL2 [26]. The
activity of these ERVL-MaLR elements helps to shape the maternal transcriptome as they provide alternative
oocyte-specific promoters and first exons to transcripts [38,39]. It is also conceivable that ERVL-MaLR tran-
scripts are important to organize the oocyte chromatin at these developmental stages.

The reason of this overhaul in the transcription initiation machinery is still unclear, but could be associated
with a distinct mode of transcription regulation. Seminal experiments in the 90’s have suggested that enhancers
and co-activators may start to function only in two-cell stage embryos [40-43]. In growing oocytes, the absence
of long range interactions is supported by the loss of the canonical histone H3K4 mono-methylation
(H3K4mel) mark at distal enhancers [44] and by the atypical chromatin architecture characterized by the pro-
gressive loss of topological associating domains (TAD) [45-48].

How is transcription stopped?

The factors controlling the transcriptional arrest at the end of the oocyte growth remain to be clearly identified.
In Xenopus, TBPL2 is actively degraded upon meiotic maturation, but transcriptional silencing occurs even if
high levels of TBPL2 are artificially maintained [49]. Similarly in mice, the arrest of transcription is not directly
associated with TBPL2’s disappearance as TBPL2 is still detected in transcriptionally quiescent oocytes of
antral follicles [28]. While Pol II remains in the nucleus of transcriptionally quiescent oocytes, it is dissociated
from the chromatin [50]. During oocyte growth, the chromatin structure is becoming more organized and
more compacted around a very dense area called the nucleolar body (NLB) [51]. Fully grown oocytes can be
classified in two categories [52]: (i) NSN (non-surrounded nucleoli) oocytes are still transcriptionally active and
are characterized by a diffuse chromatin network with small dense clumps, associated with an incomplete ring
of dense chromatin juxtaposed to the NLB, and (ii) SN (surrounded nucleoli) oocytes are transcriptionally
silent and characterized by a complete ring of condensed chromatin around the NLB. Therefore, it seems that
chromatin compaction correlates with the arrest of active transcription.
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Growing oocytes are also characterized by the establishment of non-canonical epigenetic marks.
PRC2-dependent H3K27me3 and PRCI-dependent H2A119Ub marks are organized in atypical broad domains
[53-55]. These marks are associated with the repression of developmental genes, but not with the termination
of transcription [55,56]. These marks are actually important for the organization of the chromatin and mater-
nal epigenetic inheritance after fertilization [54,55]. The gene bodies of actively transcribed genes become
heavily methylated [57]. Moreover, global histone methylation, including H3K4me3 and H3K9me3, increases
during oocyte growth and culminates in transcriptionally silent fully grown oocytes [58]. Surprisingly, in
oocytes, high levels of H3K4me3 correlate with transcription silencing and transcription is still active in oocytes
unable to generate H3K4me3 marks [59]. This non canonical association between H3K4me3 marks and tran-
scription silencing can be explained by the fact that H3K4me3 is redistributed in atypical intergenic broad
domains during oocyte growth [60,61]. Remarkably, persistence of H3K4me3 and H3K9me3 demethylase activ-
ity during oocyte growth prevents the accumulation of these marks, resulting in the maintenance of active tran-
scription in fully grown oocyte despite their SN configuration [62]. Furthermore, histone deacetylase activity is
also associated with the arrest of transcription in fully grown oocytes [63]. Altogether, the transformation of
the oocyte-specific chromatin landscape is the major mechanism involved in the transcriptional arrest, inde-
pendently of the degree of chromatin compaction, leading to the eviction of Pol II from the chromatin.

Different machineries and mechanisms to overhaul the
maternal transcriptome

At the end of oocyte growth, the oocytes have acquired the competency to resume meiosis and to support the
early development before the initiation of the zygotic transcription. As transcription becomes inactive after
oocyte growth (Figure 1), all the steps from the initiation of oocyte maturation until the activation of the
zygotic transcription will depend on the post transcriptional regulation of previously accumulated maternal
transcripts via two main mechanisms: (i) (re-)activation of translation by cytoplasmic readenylation and (ii)
degradation of maternal mRNA initiated by deadenylation (Figure 2). The degradation of maternal mRNA that
is completed by the four-cell stage [64] and the ZGA constitute the maternal to zygote transition (MZT).
Several waves of degradation of specific mRNAs, associated with translation activation of other mRNAs, are
important to allow the resumption of meiosis, and after fertilization, erasure of the oocyte identity, establish-
ment of the totipotency state and transition from meiosis to active mitosis. These sequential waves are crucial
to eliminate transcripts that are no longer of use and/or could be detrimental to the next developmental steps,
in order to clear the way to the newly translated regulators [14].

Stability and translatability of mRNA is controlled by the action of several complexes including the
CCR4-NOT deadenylase complex, which shortens poly(A) tails, the decapping complex DCP1/DCP2, which
removes the 7-methyl guanosine cap, leading to translation inhibition and mRNA body decay. RNA degradation
is assured by the 5'-3" exoribonuclease XRN1, or by the 3'-5" exoribonuclease exosome complex [65]. The mater-
nal transcriptome contains actively translated mRNAs, but also very stable untranslated transcripts also called
dormant maternal mRNAs that will be recruited for translation during oocyte maturation or early development.

Dormant transcripts are deadenylated and stored in the cytoplasm of growing oocytes (Figure 2A). One of
the most abundant protein of the growing oocyte is the conserved MSY2 protein (also called YBX2) associated
with mRNA stabilization and inhibition of translation [66]. MSY2 and mRNA are found in different related
cytoplasmic structures such as the oocyte cytoplasmic lattices (CPL) [51]. MSY?2 is associated with the cytoskel-
eton [67] and binds to 70-80% of mRNA with little sequence specificity [68]. MSY2 is important for the
storage and stabilization of mRNA as Msy2~'~ oocytes are 90% smaller and contain less mRNAs than their
wild-types counterparts [69,70]. The RNA binding proteins ZAR1 and ZAR?2 interact with the 3" UTR of the
maternal mRNAs associated with MSY2, as well as with components of the CPL, playing a major role in mater-
nal mRNA stabilization, but also in translational activation upon meiotic maturation [23]. The phosphorylation
of MSY2 by CDK1 when meiosis resumes, controls the transition between mRNA stability to instability or
translation [69].

Degradation during oocyte growth

Little is known about mRNA degradation prior to meiotic maturation. Very few transcripts with half-live less
than 12 days have been identified in fully grown oocytes [71]. Stabilization of a large number of transcripts was
observed in the Thpl2™~ mutant growing oocytes [26], where no active transcription persists [33], strongly
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Figure 2. Dynamics of maternal transcriptome translation and degradation during oocyte growth and MZT. Part 1 of 2

(A) During oocyte growth, dormant mRNAs have cytoplasmic polyadenylation elements (CPE) close to their poly(A) signal (PAS) in their 3’ UTR and
have a short poly(A). They are associated with RNA binding proteins CPEB1, ZAR1/2 and MSY2 in the cytoplasmic lattices (CPL) and are not
translated. The degradation of mMRNA during this period is not well characterized, but terminal 3’ uridylation by TUT4 or TUT7 has been shown to be
involved. (B) Upon initiation of oocyte maturation, phosphorylation of MSY2 and CPEB1 leads to the readenylation of the dormant mRNAs and
activation of their translation. The combination of the CPE and PAS elements contribute to different regulation of translatability. Translation of
proteins coding for the MZT licensing factor BTG4, or subunits of the decapping (DCP) and CCR4-NOT complexes is induced during this period. In
parallel, the transcripts that were translated during oocyte growth are degraded. At least three pathways of CCR4-NOT recruitment have been
described: (i) the MZT licensing factor BTG4 which interacts with the poly(A) binding proteins (PABP), PABPC1L and PABPN1L and with the CNOT7
or CNOTB8 deadenylase subunits of the CCR4-NOT complex, (i) the AU-rich element (ARE) binding protein ZFP36L2, which recruits CCR4-NOT via
its CNOT6L deadenylase subunit, and (jiii) the m6A reader YTFHDF2. Activity of the DCP complex is associated with the degradation of maternal
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Figure 2. Dynamics of maternal transcriptome translation and degradation during oocyte growth and MZT. Part 2 of 2
mRNAs during this period. The implication XRN1 exoribonuclease has not been studied, however, activity of EXOSC10
exoribonuclease of the exosome complex is important during this phase. (C) Zygotic gene expression of TUT4 and TUT7 is
reinforcing the action of the maternal decay proteins, such as BTG4 and CCR4-NOT, and accelerating the degradation of
maternal mRNA with longer 3’ UTR that resisted to the maternally controlled decay. Question marks indicate that the
implication of these proteins have not yet been studied.

suggesting that the RNA decay pathways are active in growing wild-type oocytes. A recent study has indicated
that 3’ uridylation of 700 mRNAs with very short poly(A) tails by the terminal 3’ uridylyl transferases, TUT4
and TUT7, is important for the elimination of transcripts during oocyte growth, but also for the ability of the
oocytes to undergo meijotic maturation and to initiate development after fertilization [72] (Figure 2A). In
mouse oocytes, the miRNA pathway is not active [73,74], however, the endogenous siRNAs and piRNAs are
abundant and required for meiotic progression [75], therefore, RNAi could also be involved in the regulation of
transcripts, including retrotransposons derived mRNAs, prior to the resumption of the meiosis.

Degradation induced by the meiotic maturation, controlled by the maternal

transcriptome

A fast transition occurs at the induction of meiotic maturation. Translation is derepressed for dormant tran-
scripts important for the resumption of meiosis, whereas actively translated mRNAs are deadenylated and
degraded [76] (Figure 2B).

The dormant transcripts are characterized by their short poly(A) tails (20-40 A) [77,78]. They also possess
specific U-rich sequences in their 3’ UTR such as CPEs (cytoplasmic polyadenylation elements) bound by
CPEB1. CPEBI is a conserved protein important for the control of polyadenylation and translation during
oocyte growth and maturation [15]. Combination of multiple CPEs and polyadenylation sequences (PAS) in
the 3’ UTR contributes to the regulation of translatability of these transcripts [79]. Activation of ERK1/2 upon
meiotic maturation leads to the phosphorylation and the degradation of CPEBI, inducing the readenylation of
mRNA such as Dazl and Btg4, and their translation [80,81]. DAZL is a translation activator [82] that enhances
the translation of the MZT licensing factor BTG4 of the TOB/BTG family, via the binding to the DAZL
binding sites of Btg4 3' UTR [81].

During oocyte maturation, the degradation of mRNA is intense as 50% of the poly(A)+ RNA present in fully
grown oocyte will be degraded in MII oocytes [17,83] and only 30% will be left prior to fertilization [84]
(Figure 1). Degradation of the translated transcripts is initiated by deadenylation that a rate-limiting step. One
CCR4 deadenylase (CNOT6 or CNOT6L), and one CAF1 deadenylase (CNOT7 or CNOTS8) are responsible for
CCR4-NOT deadenylase activity [85]. Remarkably, transcripts coding for CNOT6L and CNOT7, as well as for
the decapping enzyme DCP2 and its regulator DCP1A, are dormant transcripts, translated upon meiotic matur-
ation (note that Dcplb is not expressed in oocytes) [16,17]. CNOT6 is expressed at very low levels but is
involved in the deadenylation of a specific mRNA population during maturation, however, it is not associated
with regulation of mRNA stability or translatability [21]. CNOT6L and CNOT?7 activities are important for
meiotic progression and correct ZGA [17,20,22]. While CNOT7 and CNOT8 are recruited to mRNA via their
interaction with the MZT licensing factor BTG4 [18] that also interacts with poly(A) binding proteins PABPC1L
and PABPNIL [86,87], CNOTG6L is recruited via the RNA binding protein ZFP36L2 on mRNA containing ARE
(A/U-rich element) sequences in their 3’ UTR [20]. The CCR4-NOT complex can also be recruited to mRNAs
by the m6A reader YTHDF2 [19,88]. Altogether, these different modes of CCR4-NOT recruitment allow the tar-
geting of different mRNA populations. The accumulation of DCP1A and DCP2 proteins induced by the meiotic
maturation is important for the degradation of maternal mRNA indicating that the decapping complex is also
involved [16]. It is not known whether XRN1 is involved downstream of CCR4-NOT, however, the implication
of the exosome has been demonstrated during oocyte maturation [89] (Figure 2B).

Degradation of the maternal transcriptome controlled by the zygotic

transcriptome
At fertilization, 30% of the maternal poly(A)+ transcripts are still present [84]. These mRNA tend to have
longer 3 UTR with more CPEs and PASs and tend to be more actively translated, explaining their resistance to
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the maternally controlled decay. However, their elimination by a zygotically controlled decay is important for
development beyond the four-cell stage [64] (Figure 2C). Contrary to zebrafish or Xenopus, where miRNAs
play a major role in the final clearance of maternal transcripts after fertilization, miRNAs are not involved in
mouse maternal transcriptome degradation [74]. The zygotic RNA decay machinery still relies on maternal
BTG4 and CCR4-NOT complex, but it also requires the activation of zygotic re-expression of Tut4 and Tut7 by
the zygotically expressed transcription factor TEAD4 and its activator YAP1 [64]. Terminal 3’ uridylation activ-
ity allows the rapid degradation of deadenylated mRNA in two-cell stage embryos [90].

Remarkably, recent published data indicate that some of these mechanisms are conserved between mouse
and human. Homozygous mutations in the human BTG4 gene have been associated with early developmental
defects and female infertility [91]. Interestingly, one of these mutations did not affect BTG4 protein expression,
but resulted in the loss of BTG4 and CNOT?7 interaction, strongly suggesting that BT'G4 is also involved in the
recruitment of the CCR4-NOT complex for the clearance of maternal mRNA in human [91]. It has also been
shown that although the transcriptomes of fully grown human and mouse oocytes only partially overlap, in
both species, the degradation of maternal transcripts is controlled by both maternally and zygotically controlled
decay pathways [92].

oocyte
primordial
follicle stage

oocyte
maturation

embryo

-@-©-@
no transcription ‘.

FERTILIZATION

P XY

— decay controlled by active oocyte transcription = TBPL2-dependent transcription
- =4 decay controlled by maternal transcriptome TFIID/TBP-dependent transcription
decay controlled by active zygotic transcription

Figure 3. The maternal transcriptome degradation is regulated by decay pathways controlled by two transcriptional initiation machineries.
Two initiation machinery switches occur in the life time of the maternal transcriptome: at the beginning of oocyte growth and at the zygotic genome
activation (ZGA) after fertilization. The bulk of the maternal transcriptome is produced by transcription initiated by the TBPL2/TFIIA complex (blue)
that interacts preferentially with TATA boxes (TATA) of core promoters with sharp promoter architecture. Active RNA decay during this phase has
been recently suggested [26], probably controlled by TBPL2/TFIIA initiated transcripts (blue line). After growth, transcription is silent and the
different phases of maternal transcriptome degradation are under the control of proteins translated from dormant transcripts transcribed during the
oocyte growth (dashed blue line). After ZGA, the degradation of the maternal transcriptome is reinforced by zygotically expressed proteins (orange
line), leading to the disappearance of the maternal transcriptome after the four-cell stage. An interesting hypothesis is that a similar complete
degradation of the initial transcriptome inherited from the TFIID/TBP transcription initiation occurs during oocyte growth (question mark). Note that
there is an available resource on transcripts dynamics during maternal to zygotic transition [93].
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Conclusions

The maternal transcriptome is a transient group of mRNAs that have the particularity to be transcribed by a
unique transcription initiation machinery but also, to be translated and degraded in a very controlled manner.
This dynamic is important to support different sequential steps before the embryo genome takes over the control
of gene expression. The presence of a maternal transcriptome is conserved among all animals and while the
general phases of transcription, differential translation and degradation are shared, its functional importance
differs from most of the clades in mammals, where it is not involved in the establishment of early embryonic pat-
terning, probably due to divergent modes of development. Nevertheless, in all animals, the maternal transcrip-
tome is remodeled and fully degraded to allow proper development, even if some of the maternal and the zygotic
transcripts are transcribed from the same genes. It is tempting to speculate that degrading the whole maternal
transcriptome to clear the path to the embryonic transcription is a better basic solution than differentially degrad-
ing some maternal mRNA while preserving others. Remarkably, at the onset of ZGA, there is another complete
change in transcription initiation machinery. This transition is associated with the complete disappearance of
maternal transcripts. In the future, it would be important to know whether mRNAs produced by TFIID/
TBP-dependent transcription initiation, are similarly degraded at the beginning of oocyte growth (Figure 3).

Perspectives

e |Initiation of the development occurs in a transcription free environment and is controlled by
the reshaping of the maternal transcriptome composed of maternally deposited mRNA during
oocyte growth.

e A specific transcription initiation machinery is responsible for the establishment of the mater-
nal transcriptome. Sequential transition of maternal mRNA stability and translatability reshape
the maternal transcriptome.

e A second transcription initiation machinery switch occurs at the beginning of the ZGA and is
associated with active degradation of the maternal transcripts which have been generated by
the TBPL2/TFIIA initiation machinery. It will be interesting to test whether mRNAs transcribed
before the first transcription initiation machinery transition, by the TFIID/TBP-dependent initi-
ation machinery, are also similarly specifically eliminated at the beginning of oocyte growth.
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