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Opponent’s report of the Ph.D. thesis of Filip Horvat entitled, “Bioinformatic analysis of RNA
dynamics during mammalian oocyte-to-embryo transition’.

The candidate’s host group has a long-held and successful research interest in functional RNA-related
biology governing the mammalian oocyte to embryo transition, utilizing the combined power of next-
generation nucleic acid sequencing and bioinformatics analyses (the latter of which forms foundation of
the current thesis). In keeping with this tradition, the candidate’s work is of extremely high quality and
substantially and significantly expands our collective understanding of this most critical and early period
of development; expanding the important and emerging themes related to composition and dynamism of
the maternal transcriptome and the specific roles, and expression patterns, of key regulatory
genes/proteins, INcCRNAs, retrotransposons and components of the piRNA pathway (also, in so doing,
challenging existing theoretical dogmas). Additionally, the thesis is very expansive and contains a great
amount of data (included in five attached and high impact publications to which the candidate has
contributed as co-first author in one case and a contributing author in the remaining cases). Whilst this
could, from certain perspectives, appear somewhat disparate, these data have been expertly expressed
and summarized as a coherent and compelling narrative within the overall context of the rather broad, but
necessary, umbrella term of ‘oocyte to embryo transition’. Moreover, this also serves to illustrate the
significant and comparatively impressive level of output and competence that can reasonably be expected
from a Ph.D. student’s research project. In short, | am highly impressed with the quality and quantity of the
presented work.

Before addressing more project and scientifically relevant points and questions, | will first summarise the
more formal aspects of thesis. As one was instructed in the advisory explanatory notes for opponents
preparing their Ph.D, thesis evaluation reports, | can confirm a lack of any evident biases or conflicts of
interest arising from candidate’s written or experimental work. Moving on, the overall style and grammar
of the thesis is outstanding. It is very easy to read and follow. This aspect is especially relevant to the
Introduction, in which the inherent complicated nature of the subject matter is well described and applicably
abridged. For example, it deals with the many different and relevant pathways and key molecular/genetic
players in a manner that is not overbearing and is easily digestible. Moreover, this section fulfils the role
of an introduction, in that there is very little superfluous material and it really guides the reader in relation
to understanding the subsequently described and appropriately discussed experimental work. Good job!
The thesis structure follows the traditional format of an Abstract followed by an Introduction (that concludes
with the very clearly stated aims and sub-aims of the work), a combined summary of the Results and
Discussion and a well-articulated summary of the main findings; before concluding with the inclusion of
the attached and relevant five reproduced publications (a format that one assumes is commonplace for
theses within Faculty of Science at Charles University, Prague). The results are clearly described and well
placed within the wider context; both in the summarising section of the thesis and of course in the published
manuscripts (not surprisingly given the track-record of the host laboratory and the fact these texts will have
been subject to rigours peer-review, prior to publication); similarly the figures are of high quality and easily
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convey the results and their wider contextual meaning. Overall, the work(s) is comprehensively and
correctly referenced. Indeed, in all officially recognised standards the thesis certainly fulfils its expected
requirements. The only minor criticism one would make, is that it was not always made clear to what extent
the candidate’s own personal input contributed to the results present in the attached publications. | only
raise this as a minor criticism, as it is reasonably easy to infer this information from reading the publications
but one may suggest a more explicit explanation in this regard, within the summarising Results/Discussion
section, would have been preferable.

Switching ones attention to the scientific content of the thesis, the work addresses the overall general aim
of investigating, and broadening our understanding of, the dynamic mechanistic regulation of the
mammalian oocyte to embryo transition, from the perspective of RNA-related biology and via
computational/bioinformatic approaches of derived genomic/transcriptomic data utilising various model
species and genetic approaches (not primarily derived by the candidate himself — i.e. his work is an
analytical interrogation of such data; which is perfectly appropriate in contemporary multi-disciplinary
collaborative research). More specifically, the work is divided into three themes; i) addressing the
composition and dynamics of maternal transcriptome in mice (focussing on the role of the catalytic
deadenylase component of the CCR4-NOT complex, CNOT6L and IncRNA Sirena1); and of which the
candidate was the joint first author of the published study, ii) the impact of retrotransposons on
transcriptome composition and evolution in mouse oocytes and early embryos (focussing on LTRs from
MuERV-L & MaLR and the novel protein coding gene D6Ertd527e) and iii) the role of the piRNA pathway
in both formation of spermatogonia and, perhaps more relevantly in an evolutionary context, fertile oocytes
(and associated oocyte to embryo transition), specifically exploiting the alternative model species provided
by the golden hamster (focussing on, and genetically exploiting, the essential piRNA pathway gene
Mov101/— an essential ATP-dependent helicase required for processing piRNA precursors).

Brief summary of the main findings and then questions:

Aim 1a findings: Analyses of the transcriptomes of wild-type mouse GV and MIl oocytes and zygotes and
those genetically deficient for the deadenylase Cnot6l gene (the predominant expressed deadenylase at
these stages) revealed post-fertilisation sub-fertility phenotypes, most likely attributable to observed
defects in mRNA turnover during the oocyte to maternal transition. However, this phenotype was only
associated with altered abundance of a minority of maternal mRNAs, implying a degree of target transcript
specificity, that following careful analyses (and comparison with other published datasets), is associated
with stabilised mMRNA ploy-A tail length and largely independent of other mechanisms of maternal transcript
degradation involving de-capping. The data also support a model in which CNOT6L encoding mRNAs are
largely dormant but become active, post-translation, during meiotic maturation and in post-fertilised
derived zygotes.

Aim 1a related question(s):

1) The candidate references a slight ‘poly-A tail bias’ in their generated mRNA-Seq data, despite
utilising total RNA as input, and a confounding relationship to detected mRNA abundance, that
could be computationally accounted for by ‘cross-hair analysis’. Could the candidate provide a
more detailed explanation/clarification of this apparent problem and how the employed analysis
provided the necessary evidence that the product of the Cnot6/ gene is indeed a contributing factor
to maternal mRNA degradation during the oocyte to embryo transition?

2) The candidate states that the product of the Cnot6/ gene represents the predominant maternally
provided mRNA deadenylase, with ~10X higher expression than the duplicate Cnot6 gene. Given
there are four potential catalytic deadenylase components of the CCR4-NOT complex (i.e. CNOT6
and CNOT®6L as paralogs of the CCR4 deadenylase and CNOT7 and CNOTS8 as paralogs of CAF1
deadenylase), can the candidate comment on the absolute expression levels of these adenylases,
rather than the relative expression levels (particularly the CAF1 paralogs)? What is the potential
for functional redundancy of the other deadenylass in the Cnot6/”- null background?
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3) On a related theme, the relatively minor number of affected maternal mRNAs in the Cnot6/-- null
MIl and zygotes examined implies (if not a degree of redundancy) methos of selective transcript
stability exerted by CNOT6L. Can the candidate provide informed insight (or indeed informed
speculation) what these may be (and any potential functional significance)? Did the candidate try
to ontologically classify the affected mRNAs to infer any functional relationship or undertake any
sequence analyses that may infer a common motif, that may contribute to explaining the ‘apparent’
specificity of the regulated maternal mMRNA species?

Aim 1b findings: The main findings show that the hugely abundant mouse maternal IncRNA, denoted by
the candidate’s group as Sirenal, is specific for the Murinae subfamily (and is absent in gerbil/lhamster
genome). However, there are substantial, and functionally significant, divergences (particularly relating to
the 5’ end and the inclusion of Elob pseudogene sequence with the potential to regulate Elob mRNA
expression via an RNAi-based mechanism) between mouse and rat derived sequence (caused by rat
specific retrotransposon insertions). There is compelling evidence Murinae Sirenal transcripts are
cytoplasmically adenylated during meiotic oocyte maturation. However, there is a probable functional
divergence between mouse and rat Sirena1 oocyte function, given deletion of the Sirena1 gene in mice
causes upregulated/stablised levels of the Elob gene mRNA (but not the Elobl gene) via an RNAi-based
mechanism (confirmed in Dicer’” null oocytes or oocytes expressing a catalytically inactive AGO2), and
the rat Sirenat is depleted in Elob pseudogene sequence. However, the transcriptome sequencing of wild-
type and Sirena1/ mouse oocytes indicate only modest changes in overall maternal mRNA abundance
(with Elob mRNA being most affected with ~2 fold increased abundance in GV oocytes — much less in MlI
eggs) but interestingly indicate a significant ontological preference for genes of mitochondrial function
encoded by the mitochondrial genome. The functional; significance of this latter finding appears only
minimal, as Sirena1 knock-out oocytes are not significantly impaired in terms of ultimate fertility; a general
trait in which the deletion of highly expressed IncRNAs often result in limited phenotypic outcomes
potentially indicative of their stochastic evolution.

Aim 1b related question(s):

1. The title the candidate used to introduce the thesis section of these results states “The most
abundant IncRNA Sirenal acts post-translationally and impacts mitochondrial distribution”.
However, in the provided results summary the effect on mitochondrial distribution is neglected.
Perhaps a few sentences describing this Sirena1-- null mitochondrial redistribution phenotype (as
addressed in the attached published manuscript) would have been useful. Despite the lack of a
fertility related phenotype, could the candidate speculate/hypothesis what may be the
consequences of mitochondrial redistribution from the germinal vesicle (GV) stage peri-nuclear
area in relation to the resumption and execution of meiosis (particularly in relation to reports
indicating GV and meiotic spindle localised protein translation - e.g. from the Andrej Susor lab)?
Would one expect the dynamics/timings of the meiotic stages to be indistinguishable from wild-
type oocytes? Additionally, are there any indications that mitochondrial distribution in the zygote,
post-fertilisation, are also different in Sirena” nulls; how might zygotic asymmetries in mitochondrial
distribution impact the later cleavage stages and derivation of the blastocyst lineages?

2. The candidate writes that the expression of the highly abundant maternal Sirena? IncRNA is under
the control of three important maternal transcription factors; FIGLA, KHX2 and NOBOX, with a
predominant regulatory role for the Nobox gene. Can they explain what is known about the
maternal role of the Nobox gene in general and how regulation of Sirena1 has been co-opted into
the NOBOX regulome? Is there any evidence Sirena1 function is somehow integrated within the
general maternal functions/regulation of NOBOX-related biology, or is it an evolutionary
coincidence (with little or no functional significance)? In a more over-arching sense, can the
candidate comment on the reasons why Sirena1 IncRNAs are so abundant in mouse oocytes
(rivalling the expression of the zona pellucidae glycoprotein encoding mRNAs)?

3. Given the expression of mitochondrial encoded mRNAs are particularly sensitive (albeit modestly)
to the genetic ablation of the Sirena1 locus, could the candidate provide any informed insights as
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to why this may be?

Aim 2 findings: Again using derived NGS transcriptome mouse female germline datasets (derived in the
host group and validated against similar independent derived published data), it was confirmed families of
MuERV-L and MaLR transposons significantly contribute to the maternal and zygotic transcriptomes.
Moreover, this is significantly mediated by mechanisms in which such retrotransposons contribute splice
donor motifs (via a discovered consensus motif placed approximately within the same region at the 3’ end
of the LTR — the presence of which is negatively correlated with the respective evolutionary age of the
studied individual retrotransposon families). Additionally, the specific expression of the youngest
evolutionary families contributed to specific germline stages. Furthermore, it was reported MuERV-L
retrotransposons (of the MT2 and ORR1A families) exhibit promoter activity during zygotic genome
activation, and that studying the 100 most abundantly expressed MuERV-L insertions revealed
significantly elevated transcription of sequences up to 120 kb downstream (compared with analyses of the
sequences upstream of the insertion site); that in one cited case caused the de novo emergence of a
protein-coding mRNA/gene (designated D6Ertd527e — arising from insertion into an ancestral IncRNA and
CAG trinucleotide expansion/duplication of downstream sequence that produces a serine rich cytoplasmic
protein). The central finding of these and the accompany data in the published manuscript serves to
illustrate the hitherto unrecognised extent to which retrotransposon derived LTR gene remodelling in the
female germline (across multiple studied mammalian species) acts as a powerful driver of genome/genetic
evolution. Specifically relating to the evolution of the syntenic D6Ert527¢ loci in related rodent species, it
was confirmed internal deletions have caused the loss of retrotransposon derived LTR promoter activity
driving gene expression in at least three cases. Further analyses of derived maternal transcriptome
sequencing datasets of five Muroidae species highlight confirmed retrotransposon related LTR promoter
expression to varying extents (even between species that are very closely related through evolution) driven
by the LTR insertions (within the female germline and which ceases with mRNA degradation around the
1-cell stage). In the case of the mouse, such expression produces a maternal protein (predicted to be
largely unstructured) and functional CRISPR-Cas9 mediated disruption of the mouse D6Ert527e locus
only had minimal effects on average litter size and oocyte transcriptome composition; thus suggesting the
remarkable evolution of this gene in the mouse has, as yet, little functional evolution effect. Nevertheless,
it serves to illustrate the emerging principle, and extent to which, LTR repeat retrotransposon insertions
can influence their local transcriptional neighbourhood and contribute significant evolutionary genomic
plasticity.

Aim 2 related question(s):

1. This section of the thesis was very interesting. In relation to the evolution of the D6Ert527e locus
in the studied Muroidae species, one wonders if the candidate could provide some potential
explanation for the striking difference in the maternal expression between the very closely related
golden and Chinese hamster species? Were any genomic alignments performed that may highlight
potential differential sequence motifs (i.e. potential transcription factor binding sites) that may
explain these results?

Aim 3 findings: Using a comparative survey of piRNA-related pathway gene orthologs across five
mammalian species (mouse, rat, golden hamster, human and cow) it is reported the composition of the
pathway in golden hamsters more closely resembles that of cow and humans, with evidence that rat and
mouse exhibit derived characteristics. Hence, it is argued in the thesis that studying the germline role of
the piRNA pathway (in the suppression of retrotransposon expression) in golden hamsters may serve as
a more indicative model for mammals in general. Before the effect of dysregulating the piRNA pathway
could be studied in the golden hamster germline, a thorough computational analysis identifying and
classifying potentially retrotransposon families (and their evolutionary history) is reported (a composite
analysis that is necessarily too complicated to summarise here). Nevertheless, this goal was appropriately
achieved and confirmed the golden hamster genome contains potentially active and mapped
retrotransposon sequences of the IAP, MYSERYV and LINE1 families, that could serve as an experimental
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reference to assay the effect of functionally disrupting the piRNA pathway on their expression in the male
and female germline. Such disruption was achieved by functional genetic ablation of the golden hamster
Mov10I1 locus (encoding the essential helicase needed for piRNA precursor processing) and in contrast
to similar studies in mouse, revealed sterility phenotypes in both females (a distinguishing phenotype from
mouse derived data) and males (the former being associated with 2-cell stage embryonic arrest,
concomitant with zygotic genome activation). Transcriptomic analysis in fully grown oocytes revealed a
relatively modest number of 57 differentially expressed protein coding mRNAs and derepressed
expression of retrotransposons of the IAP family. The male phenotype was associated with atrophy of the
testes, complete loss of piRNA expression and 900 differentially perturbed protein coding mRNAs
(including piRNA pathway components) that ultimately contribute to failed germline development at later,
post-natal, developmental stages. Similarly, retrotransposon derived element expression was also
enhanced (e.g. LINE and IAP elements), with notably high de-repression of MYSERV elements (that,
relative to the mouse, expanded during the evolution of the hamster genome) that could explain why
formation of the spermatogonia in golden hamsters, but not mice, is perturbed following genetic ablation
of the Mov10I1 gene. The main conclusion from this work is a challenge to the perceived dogma (based
on studies in mice) that the piRNA pathway, and associated suppression of retrotransposon expression,
is only important for formation of male and not female germlines; accordingly the collective findings of this
important study were published in the high impact journal Nature Cell Biology.

Aim 3 related question(s):

1. Based on their research, can the candidate provide an informed insight as to why disruption of the
piRNA pathway does not contribute to female germline derived sterility in mice as opposed to that
observed in the golden hamster model (including, and as appropriate, referencing the role, or
otherwise, of derived piRNAs)?

2. Isthe candidate aware of any other similar studies in other mammalian species that may strengthen
or weaken the implied assumption from this work that the situation uncovered in the female golden
hamster germline is more typical of mammalian development in general? Alternatively expressed,
does he agree his work points towards the trend of the mouse model being somewhat of an outlier
in mammalian development?

3. Can the candidate articulate (or maybe expand) any hypotheses as to how and why the observed
de-repression of potentially active retrotransposon expression in the female germline of Mov10I1
golden hamster mutants results in arrested embryonic development at the 2-cell stage?

To summarise, the Ph.D. thesis of Filip Horvat is of very high quality and certainly fulfils, or exceeds, the
requirements to be favourably evaluated by the defence committee. Subject to the proceedings of the oral
defence, and the discussions arising, one fully expects, based on the written text, to be able to fully and
very favourable recommend the candidate for a successful defence and the award of the Ph.D. title.

prof. Alexander W. Bruce, Ph.D. (14t August 2023, in Ceské Budgjovice)
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