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Evaluation of Ph.D. thesis of Mgr. Adéla Přibylová 

 

 

Dynamics of de novo DNA methylation and its impact on transgene expression and CRISPR/Cas9 

mutagenesis 

 

 

The thesis submitted by Mgr. Adéla Přibylová summarizes her Ph.D. research in the field of epigenetic 

regulation of gene expression via small RNAs. The thesis is based on two major projects. In the first project, 

the candidate analyzed the dynamics of de novo gene silencing using the inducible transgenic system. In the 

second project, she focused on the analysis of the effects of different chromatin states on the CRISPR-Cas9-

mediated mutagenesis. Both topics are very interesting and timely and the work provides some of the most 

detailed data on the dynamics of gene silencing in plants. Furthermore, the data on the influence of CRISPR-

Cas9 mutagenesis and the effects of different chromatin states are highly novel. 

 

The introduction of the thesis provides an overview of the main topics of the thesis: 1. RNA interference and 

the transcriptional gene silencing (TGS) mechanisms, 2. Gene editing by CRISPR-Cas9 system and finally 3. 

DNA damage repair (DDR) mechanisms whose errors lead to the mutations. The introduction is generally 

easy to read and provides ample recent references relevant to the described topics. However, there is only 

one figure, which makes it harder to understand some aspects. In my opinion, the introduction would be 

more lively by including e.g. schematic drawing of the CRISPR-Cas9 nucleoprotein complex, or a scheme of 

the DNA damage repair pathways involved in DNA double-strand break repair.  

In the first section of the results, the candidate describes her work on the “Initiation and dynamics 

of the early phases of TGS and PTGS”. As an experimental system, she used tobacco BY-2 cell cultures carrying 

CaMV 35Pro::GFP::NosTer (reporter) constructs and various inducible silencers containing GFP inverted 

repeats (IR-GFP), GFP sense and antisense transcription (AS-GPF), and missing terminator (unterminated – 

UT-GFP) under inducible promoter. The lines were developed and characterized by the laboratory of her 

supervisor Dr. Lukáš Fischer. Again, this part of the work would benefit from including a figure. Upon 
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induction of the silencer constructs, the distribution of small RNAs along the target sequence, their 

transmisivity, or dynamics of DNA methylation, and steady-state level of mRNA were monitored.  

 In the second part of the results, the candidate analyzed the effects of four variables on CRISPR-Cas9 

mutagenesis: target site, the presence of DNA methylation, concentration of CRISPR/Cas9 components, and 

presence of virus infection. The dominant factor was the target site sequence. However, the presence of DNA 

methylation in the P35S promoter also had a significant effect on all studied aspects. In some cases, it shifted 

the ratio and/or the size of insertions and deletions. However, the non-uniform trend indicates the presence 

of yet another unknown effector. I was very much excited about the finding of a signature for a single-

nucleotide homology-mediated DNA repair. The lesions repaired by this mechanism corresponded to about 

half of the mutation events. To experimentally understand this observation, the candidate plans to mutate 

the key components of individual DNA repair pathways. 

 

The experimental design and technical quality of the results are of the highest quality. The thesis text is very 

clear and I could find only a few places where the order of words was not optimal. As mentioned, the number 

of figures is limited. However, this did not impact the overall understandability of the text. 

 

The results presented in this thesis are summarized in two published papers publications and one manuscript 

under review. One paper is published in the journal Epigenetics and Chromatin with the candidate as the first 

author and the second in the journal Biochimica et Biophysica Acta (BBA) - Gene Regulatory Mechanisms 

with the candidate as the co-author. One manuscript based on her work was evaluated in the high-ranking 

journal Nucleic Acids Research and is currently undergoing a major revision. These publications demonstrate 

the scientific qualities of the candidate and I wish her successful rebuttal with the Nucleic Acids Research. 

 

I have several comments and questions:  

 

Page 21: The text related to the description of the alternative NHEJ is partially confusing. There is written 

“Pol theta” and then “Polθ (in plants originally called TEBICHI)”. I guess that these are synonyms. There is 

also the abbreviation TMEJ. Is this a typing error of MMEJ? 

 

Page 22: In the description of the homologous recombination pathway, the single-strand annealing (SSA) 

mechanism is described. I was surprised that the other mechanism of HR (SDSA) was not presented. Was 

there a specific reason? Please comment. 

 

Page 24. There is used term “transitivity”. However, I did not find an explanation for this term. Could you 

please explain it? In addition, there was no transitivity of sRNAs in the P35S region, but it occurred towards 

the 3' end of the mGFP5 coding region in AS-GFP and UT-GFP lines. What is the explanation or the working 

hypothesis for such a difference? 

 

Page 26. The reporter lines showed unexpected proportions of differently sized siRNAs, indicating that the 

IR-P35S and IR-GFP hairpins were processed differently. What could be a reason for that? 
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Page 27. The accumulation of the DNA methylation in the target region reflected the accumulation of the 

siRNAs. The symmetric methylation increased over time, while the CHH methylation declined after some 

dome days. Why is that? 

 

Page 28. Surprisingly, even 90 days of the silencer activity were not sufficient to make fully stable silencing. 

The candidate explains it based on the “superactive chromatin” insertion site of the reporter. I wonder 

whether this could be caused also by the absence of sexual reproduction in the cell culture? 

 

Page 31. Although there was a correlation between the presence of DNA methylation and the altered 

outcome of CRISPR-Cas9-induced mutagenesis, the data were rather non-uniform. Are there other chromatin 

marks that could be a better indicator? 

 

Page 32. The candidate plans to explore the finding of a signature for a single-nucleotide homology-mediated 

DNA repair by mutating the key components of individual DNA repair pathways. Please explain which ones 

and how this will be technically done? 

 

In conclusion, I state that the Ph.D. thesis of Mgr. Adéla Přibylová is of excellent quality. The experiments 

were made to the highest standards and clearly demonstrate the originality and great scientific abilities of 

the candidate. Therefore, I recommend this work for the defense. 

 

 

 

Kind regards 

 

 

 

 

 

 

Assoc. Prof. Aleš Pečinka, Ph.D. 


