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The presented doctoral thesis mainly address reproductive phenotype profiles of the female mice
and rat models altered in the function of the hybrid sterility-causing Prdm9 gene coding histone-
3-lysine-4,36-trimethyltransferase protein. Hybrid sterility constitutes one of the post-zygotic
reproduction isolation mechanisms when fertile parental generation gives a rise of the infertile
progeny. Doctoral thesis supervisor was previously involved in the studies addressing the
identification and establishment of Prdm9 gene as the mice speciation gene (Hst1) among multiple
genes present in 255 kb locus at chromosome 17. Prdm9 encodes histone methytransferase acting
on H3K4 and H3K36 (me3). During the meiosis it marks so-called recombination hotspots where
the DNA recombination takes place at high frequency.

The major focus of the presented thesis is the characterization of the reproductive phenotypes of
the female mice and rat models altered in the function of the hybrid sterility-causing Prdm9 gene.
In their previous work, lab members addressed the role of the Prdm9 gene during the meiotic
process and effect of the PRDMO functional alterations on the post-meiotic events and phenotypes
with emphasis on the process of spermatogenesis (including histone-to-protamine transition) and
sperm parameters. The major scientific outputs of the studies are the finding, that PRDM9 protects
spermatozoa from the development of nuclear DNA breaks. They also provided genetic evidence
based on two laboratory animal species (mice and rat) suggesting that loss-of-function mutations
in Prdm9 lead to acephalic spermatozoa syndrome. Since previous studies were in majority
focused on the male model, author(s) here logically focused on the female part addressing the 4
major aims:

1. Understanding why Prdm9-deficient rats can produce offspring while mouse strains are sterile:
Studying and comparing the oogenesis of semi-fertile rats and sterile mouse strains with the same
mutation of Prdm9.

2. Elucidating the impact of the Prdm9 loss on female rat fertility: Phenotyping rat oocytes
throughout all stages of oogenesis, identifying the consequences of Prdm9 loss on the quality of
oocytes.
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3. Exploring possible mechanisms allowing rat oocytes to adapt to the Prdm9 deficiency:
Analyzing Prdm9-deficient and control oocytes at the time of meiosis when the surveillance
systems are activated (i.e., pachytene and metaphase stages)

4. Discovering the significance of studying Prdm9-deficient female rats for reproductive medicine.

During his doctoral studies author published two articles (one as the first author) in the renowned,
peer-reviewed journals fulfilling the requirements of the study program to submit doctoral work.
In the first publication (Mihola et al., 2021) author(s) investigated whether the deletion of Prdm9
influences the recombination landscape and abolishes fertility as in some Prdm9-deficient
laboratory mouse strains. They concluded that the loss of Prdm9 decreased but did not abolish the
fertility of rat and hypothesized that a longer meiotic prophase I in the absence of PRDM9 might
contribute to the increased fertility of rats versus mice. The second publication (Gasic et al., 2022)
constitutes the follow-up article suggesting to uncover the possible mechanistic link between POF
and aneuploid pregnancies in humans that could apply to other cases of meiotic mutations. The
outputs of both articles are nicely introduced, presented and discussed in the presented thesis. Here,
| specifically appreciate that author pointed out his contribution to individual scientific outputs and
newly presented the results of both peer-reviewed articles in the proper form of the doctoral thesis.
Finally, author also presented the point by point conclusions addressing all four presented aims of
the work to which | have some additional questions at the end of the review form.

To summarize my review: Author fulfilled the requirements of the doctoral study program
Molecular and Cellular Biology, Genetics and Virology at the Charles University in Prague,
Faculty of Science by presenting interesting and scientifically sound results addressing the effects
of epigenetic factor PRDM9 on the fertility of rodent females in two original articles (Mihola et
al., 2021; Gasic et al., 2022) which were newly addressed and summarized in the presented,
comprehensive doctoral thesis The effects of epigenetic factor PRDM9 on the fertility of rodent
females.

Based on my evaluation and conclusion I suggest this thesis to be accepted as a doctoral thesis
and after addressing questions and the successful thesis defense I suggest to confer a scientific
degree Ph.D.

1. Author cites Wang et al. 2021 Pathogenic variants of meiotic double strand break (DSB)
formation genes PRDM9 and ANKRD31 in premature ovarian insufficiency which presents
variants of PRDM9 found in POI patients. Based on the article (even authors do not provide
sequencing data) can you draft possible strategy of the generation of the specific animal model
based on the Wang et al. outputs, present some detail of the homology of the genes and mutated
sites and suggest the best possible animal model (mice, rat, etc.) for the best emulation of the
human pathology?
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2. Authors hypothesized that a longer, and delayed meiosis might be responsible, at least in part,
for rat fertility versus mouse infertility in the absence of Prdm9 function. Can you extend this
hypothesis to the other animal fertility models and make predictions how they will cope with
Prdm9 function alteration compared to mice/rat? Also what would be your prediction for humans?

3. POF is nosological unit defined by symptoms and clinical picture but with very different
ethiopathology. With the knowledge of the mammalian oogenesis (especially the cell
cycle/meiotic stages in which oocytes are stored in the ovaries) could author speculate why altered
Prdm9 function leads to this clinical picture (and not for example early onset ovarian dysgenesis
syndrome)? The comparisons with some known e.g. BRCA1 and/or MCMB8/9 genetic POF
etiology would be worthy. Also, did author check the FSH levels and other POF markers to
establish his model better in the frame of the POF nosological unit?

InPrague 18.8.2022
M.Sc. Lukas Déd, Ph.D.



