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Doctoral Thesis Title: Cell cycle regulation and genome integrity protection in the early
mammalian embryos
Author/Candidate:  Lucie Knoblochova

The presented thesis focuses on chromosome segregation errors and cell cycle regulation in 
mouse embryos as a model for human embryogenesis. Overall, the very beginning of 
Introduction nicely written and very explanatory. The candidate cites classic works as well 
but is also presenting the new views on the topic. What is slightly irritating is the 
inconsistency in formatting (font, style, colour – headings, figure legends). Unfortunately, the 
candidate does not hold the solid citation style throughout the text: Unlike in “Mitosis”, where 
numerous original references are given, in “Meiosis” the author rather relies on more recent 
works, original work is neglected. However, just a few pages later, early works are cited 
again. Therefore, I do not consider to be major flaw of the presented, text. 

There are also statements which could be debated, e.g. Pol I but not Pol II transcription being 
essential in zygotes, however as the candidate´s expertise lies in chromosome segregation and 
errors, I also consider this not to be a major flaw. 

From the formal perspective, the candidate declared the use of additional tools helping with 
the text preparation, such as ChatGPT, Writeful or Grammarly, which shows the candidate´s 
resourcefulness. Still, I came across several instances where the reference was not given, only 
“REF” was included. This typically appeared towards the end of the thesis: 

Because we did not observe massive DNA underreplication in Chk1 mKO embryos (Fig. 22 
H), we questioned the mechanism of replication checkpoint signalling in the early embryos. 
Apart from CHK1 (REF), the replication checkpoint in somatic cells is known to be regulated 
by the WEE1 kinase family (Enoch and Nurse, 1990). To inhibit the WEE1 kinase family, we 
used PD0166285 as previously described (REF Ferencova). 

Why the DNA damage in Chk1 mKO 2-cell embryos has not been detected and repaired is 
not fully clear; it might be due to the dysfunctional checkpoint signalling or dysfunctional 
DNA repair in the Chk1 mKO embryos, as CHK1 participates in these processses in somatic 
cells. REF DNA damage checkpoints, DNA repair (Sørensen et al., 2005; Lee and Dutta, 
2021).

I can only imagine that is bound to happen when the text is over one hundred pages long! It is 
also rather unclear to me which articles and manuscripts are part of the thesis and based on 
which the candidate wishes to defend the thesis and how these come together and complement 
the presented text. By no doubt, the articles included are of very high quality. I am somehow 
missing some synthesis. 
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The experiments described are very interesting and well organized, the reader can easily 
follow the though process. Nevertheless, I have a few questions for the general discussion: 
 
Furthermore, maternal Chk1 mRNA decreases with age in both humans (Steuerwald et al., 
2007) and mouse oocytes (Pan et al., 2008), suggesting a role in age-dependent infertility 
(Ruth et al., 2021). – Why and how, what is the mechanism?

An isoform 2 of CHK1 found in humans, called CHK1-S, has missing the first 94aa 
(including an ATP binding site) and has a molecular weight of 43 kDa. This isoform acts as a 
dominant negative version of human CHK1 because it binds to full length CHK1 and acts as 
its repressor until released after CHK1 phosphorylation. CHK1-S overexpression causes 
premature mitotic entry and mitotic catastrophe (Pablo et al. 2012). CHK1-S was
observed in human tumour cells (Pabla et al., 2012; Hu et al., 2020); for mouse, only the 
Chk1-s cDNA (complementary DNA) was mapped (Gerhard et al., 2004). – Could the 
candidate comment on this further? 

Regarding the Chk1 mKO – What are the levels of CHK1 the embryos are having? 

Chk1 mKO embryos microinjected with the mRNA concentration of 10 ng/μl displayed
a 2-to 3-cell division timing to control embryos, while Chk1 mKO embryos microinjected 
with 25 ng/μl divided approximately 8 hours later (Fig. 15 A). – What exactly does this 
mean? 

The importance of CHK1 during early embryonic development was also confirmed by 
inhibiting CHK1 with 250 nM CHIR-124 in the zygote, which resulted in embryonic arrest 
and abrogated blastocyst development in both from C57J/BL6 and CD1 strain backgrounds 
(Fig. 15 C). – any other known targets of the inhibitor? What would be the explanation of the 
discrepancy between Chk1 mKO and the inhibitor? - How does the candidate explain the 
incomplete phenotype penetrance for the Chk1 mKO (Class I/Class II embryos)?

However, as the truncated version lacks exon 2 and is thus devoid of kinase activity, I decided 
not to pursue this matter further as it would require significant numbers of mice. - What could 
be the consequence of having the truncated Chk1 version?

Because CHK1 was described to play a significant role in replication checkpoint signalling 
and thus ensuring that the cells enter mitosis after replication completion (Zachos et al., 2003), 
we hypothesised that Chk1 mKO embryos could harbour such massively underreplicated 
DNA that it could be detected by DAPI staining. – What has to be the difference, 
percentage-wise, in the DNA content to be able to detect underreplicated DNA by DAPI? 
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We determined the timing of mitosis entry as the time of chromosome condensation. Inhibited 
zygotes entered mitosis as soon as 24 hours after hCG, when the control embryos are still in 
phase S (Figs. 23 and 24 A, B, C; Mov. 3). – Is mitosis and chromosome condensation 
linked? How about PCC? 

Chk1 mKO embryos divided into 3-/4-cell stage even after α-amanitin treatment (Fig. 28 
B). The efficiency of this treatment was confirmed in Chk1 WT at 68 hours post hCG, when 
the α-amanitin treated embryos were arrested in the 2-cell stage, compared the non-treated 
embryos. Interestingly, α-amanitin treatment in Chk1 mKO embryos did not result in 
complete 2-cell arrest; 62% of Chk1 mKO embryos developed into a 3- or 4-cell stage (Fig. 
28 C, D). However, Chk1 mKO embryos did not develop further than the second division, 
even when approximately 70% of Chk1 WT formed a blastocyst 114 hours post hCG (Fig. 
28 E, F). These results suggest that the 2-cell block when the major zygotic genome 
activation is inhibited is dependent on Chk1. – Could the candidate comment on this? I don´t 
quite understand. 

Next, we hypothesised that the potential CDC25A protein could be expressed from Cdc25a 
mRNAs stored in the oocyte prior to ZP3-Cre activation. To detect the abundance of 
Cdc25a mRNA in Cdc25a mKO and WT embryos, I collected zygotes at 26 hours and 2-
cell embryos at 42 and 46 hours after hCG, during the extended G2 phase. Successive RT-
qPCR performed by Michaela Vaskovicova revealed significantly reduced Cdc25a mRNA at 
all time points in Cdc25a mKO embryos (Fig. 30). Furthermore, the Cdc25a mRNA level 
was substantially decreased during the extended G2 phase both at 42 and 46 hours post hCG 
administration in the 2-cell Cdc25a WT embryos. This corresponded to others (Park et al., 
2013; Abe et al., 2018b). These results show a significantly reduced level of Cdc25a mRNA 
in
Cdc25a mKO embryos. – What is the Cdc25a HZ phenotype and what are the mRNA levels? 

In summary, the candidate demonstrated a good ability to write as well as high technical 
skills, the thesis fulfils the given criteria. Therefore, I recommend the thesis for a defence and 
if defended successfully, I propose that the candidate receives the Ph.D. title.   

Prague 20.11.2023
Helena Fulkova, Ph.D. 


