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OPONENTSKY POSUDEK NA DISERTACNI PRACI MGR. EVY VESELE

APPLICATION OF QUANTITATIVE IMAGE ANALYSIS FOR STUDIES OF CELLULAR RESPONSE
TO DNA DAMAGE

PredloZend disertacni prace Mgr. Evy Veselé zabyvajici se mechanismy bunécéné odpovédi na
poskozeni DNA byla vypracovédna na zakladé experimentadinich vysledkl ziskanych v prabéhu
jejiho postgradudiniho studia v Laboratofi genomové integrity Ustavu molekuldrni a
translacni mediciny Lékafské fakulty University Palackého v Olomouci v rdmci studijniho
programu Lékarska genetika pod vedenim Mgr. Martina Mistrika, PhD.

Oprava poskozeni jaderné DNA je jednim ze zakladnich homeostatickych mechanism( buriky.
Naruseni opravnych mechanism{ DNA vede ke ztraté integrity genomu, kterd se na Urovni
organismu mlize manifestovat mnozinou patologickych stavi zahrnujicich vyvoj novotvart a
degenerativnich onemocnéni vcetné téch doprovézejicich starnuti organismu. Detailni
pochopeni molekuldrnich mechanism{ odpovédi na poskozeni DNA a opravy DNA je jednou
z principidlnich biologickych otazek s vyraznym presahem do mediciny.

Cilem experimentaini ¢asti dizertaéni prace Evy Veselé byl 1) vyvoj a optimalizace
mikroskopickych metody pro detekci poSkozeni DNA a faktor( Ucastnicich se odpovédi
poskozen{ DNA =zalozené na laserové mikroiradiaci a 2) adaptace nové vyvinutych
metodickych pfistupl v aplikacich velkokapacitniho skrininku.

Prace je vypracovana v klasickém stylu v anglickém jazyce ve standartnim ¢&lenéni na cile
prace, Uvod obsahujici literarni prehled, popis pouzitych metod, vysiedkovou c¢ast shrnujici
experimentalni ¢ast, diskuzi vysledkl, seznam pouZzité literatury a elektronické pfilohy na CD-
ROM obsahujici tfi publikace, na nichZ je dizertacni prace zalozena, a jednu spoluautorskou
publikaci nezahrnutou do dizertacni prace.

Literarni prehled obsahuje informace nezbytné k pochopeni vyznamu cill préace a zaméFeni
experimentalni ¢asti. Impresivni mnozstvi vice nez 300 literarnich odkaz(i prokazuje autoréin
rozsahly prehled v fesené problematice. Pfes nékteré nedostatky uvedené dale Ize v textu

najit poucenii pro specialisty v oboru.

Metodickd cast doklada, ze autorka zvlddla rozsahlé spektrum technicky pokrocilych
molekularné a bunécné bidlogickych metod vcetné casové naroénych mikroskopickych

kvantitativnich analyz.
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Vysledkové ¢ast a pfilozené publikace dokumentuji, Ze cile dizertacni prace byly spinény. Za
unikadtni povazuji adaptaci plosného skenovani mikroskopického preparatu laserovym
paprskem pfi nizkém skenovacim rozliseni. Na tomto zakladé byla vyvinuta velmi robustni
analytickd metoda umoZfujici kvantitativni vyhodnoceni dynamiky odpovédi poSkozeni DNA.
Autorka provedla impozantni mnozstvi veimi peclivé naplanovanych a provedenych
experimentl optimalizujicich tento invencni a velmi elegantni pfistup, ktery poskytuje
védecké komunité efektivni analyticky nastroj a ktery dle mého ndzoru usnadni a urychli
rozvoj dal$iho poznani odpovédi na poskozeni DNA. Vyznam metody spocivd také v jeji
vhodnosti pro automatizované vysokokapacitni skrinovani, jak bylo rovnéz experimentalné
ovéreno, a mlze tedy pfispét k identifikaci novych latek modulujicich procesy rozpoznani
poskozeni a oprav DNA. Zavérecna Cast kapitoly vysledkl se zabyva viivem suprese proteinu

XPC v odpovédi na replikacni stres.

Vysledky experimentt byly publikovany v kvalitnich recenzovanych &asopisech (Scientific
Rep., IF 5,2; J. Proteome Res. IF 4,2; a Biomolecules) a prosly tedy nezavislym recenznim
Fizenim. Mgr. E. Veselé je prvni autorkou dvou publikaci. Vysledky byly autorkou rovnéz
prezentovany formou &tyf Ustnich a tfi plakatovych sdéleni na tuzemskych a zahranicnich

konferencich.

V kapitole "Discussion" jsou rozvedeny a zdlvodnény vyhody a nevyhody nové navriené
! y

metody.

V textu dizertacni prace neshledavam zasadni formalni nedostatky, tiSténa forma dizertace
je doprovozena erraty, které koriguji nékteré nedostatky. K textu mam tyto pripominky:

Text Uvodni &asti by moh! byt logictéji strukturovan. Nékteré fenomény jsou az pfilis
zjednoduSené vysvétleny a neinformovanym Ctenafem nespravné interpretované.

V teoretickém Uvodu by nemély byt uvedeny vysledky a citace prace, které jsou soucastf
dizertace, viz (Mistrik et al., 2016).

Autorka mohla v dizertaci vyuzit moznost uvést nékteré detaily nepopsané v publikacich.
Metodicka cast by mohla byt podrobnéjsi, prestoze pouzité metody jsou v publikacich
popsany. Pravé vzhledem k ¢astym odkazim na publikované prace bych uprednostnil, aby
tyto byly soucasti tisténé verze dizertace, jak je obvyklié (pfilohu na CD-ROM povazuji za
nevhodnou z divodu moznosti ztraty dat na nosici, ev. nosice samotného).

K obrdzku 4 b-d chybi udaj o celkovém poctu analyzovanych bunék.
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Optimalizace jednotlivych parametr( (odstup paprsku, pocet iteraci, délka setrvani, apod.) je
demonstrovana na obrazku 6 na rlznych reportérovych liniich. Pro lepsi predstavu by bylo
vhodnéjsi ukdzat zmény parametrl na jedné reportérové linii.

U posledni kapitoly (4.4) chybi zavér. Rovnéz celé praci by sluselo zavérecné shrnuti vysledkl

prace.

Nékteré detaily k provedeni experiment( uvedené v diskuzi (napf. strana 69, posledni
odstavec) by bylo pro lepsi vhled ¢tenare vhodnéjsi zaradit jiz do kapitoly vysledk.

Otazky:

1) Cést teoretického Gvodu je vénovana fragilnim mistdm, alkoliv tyto se neobjevuji ve
vysledkové Casti. Kromé béznych (common) fragilnich mist jsou v literature uvadéna také
vzacna fragilni mista. Jaky je mezi nimi rozdil? Pfispivaji vzacna fragilni mista k nestabilité
genomu? Uvadi se rovnéz, ze béina fragilni mista jsou v savéich genomech konzervovana.
Jaky by pro to moh! byt divod? V diskuzi je vysloven predpoklad, ze XPC se ucastni incise
problematickych sekundarnich struktur DNA (tj. afidikolinem aktivovanych fragilnich mist).
Jakym experimentdinim pfistupem by bylo mozné tento predpoklad provérit?

2) Na strané 29 je uvedeno "Then, under-replicated regions enter G2 and may even remain
undetected and enter mitosis." Pokud dojde k déleni bunky s nedoreplikovanou DNA, jaky je
osud nedoreplikované DNA v dcefinnych bunkach?

3) Signal akumulujici se v misté poSkozeni je v populaci bunék na obrazku 4a velmi
heterogenni (i presto, ze kultura bunék byla ziskana klonalni expanzi). Koreluje tato
heterogenita s variabilni expresi reportéru nebo zde hraje roli jesté jiny faktor?

4) Casovy sbér na obrazku 4c naznaduje ztratu paralelity signdlu s postupujicim ¢asem od
ozareni. Vzhledem k tomu, Ze se vzajemna poloha bunék ptilis neméni, Ize tento jev vysvétlit
spise rotaci jadra neZ bunécnou lokomoci. Poloha jadra v bunice je dllezitd pro genovou
expresi. Je néco znamo o tom, zZe by poskozeni DNA vedlo ke zménéné rotaci jadra?

5) Pri dostatecné 'detailnim' skenovani se jevi, ze oblast jadérek je bez reportérového signalu
(napf. obrazek 6). Chromatinova precipitace protilatkou proti histonu gamaH2AX naznacuje
(viz Urban et al. 2016, J Cell Biol 214(4): 401-415), Ze i na genech kédujicich ribosomalni RNA
je pritomen fosforylovany histon H2AX. Co by mohlo byt pfi¢inou této diskrepance? Je
znamo, jak rychle dochdzi k presunu rDNA po jejim poskozeni na periferii jadérka pfi

segmentaci?
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6) Obrazek 7b ukazuje, Ze mnoZstvi EdU-pozitivnich (replikujicich) bunék narista s
koncentraci BrdU. Neni tento vysledek vzhledem ke kratkému pulsu EdU (20 min - viz
metody) a 24 hodinové kultivaci s BrdU prekvapivy?

Pfes uvedené ptipominky k formalnimu provedeni prace Ize uzavfit, Ze odborna Uroven
pfedlozené prace je vynikajici. Pfedlozend prace prokazuje zplsobilost Mgr. Evy Veselé k
védecké préaci a odpovida pozadavkim kladenym na doktorskou disertacni praci. Proto
doporuduji, aby prace byla pfijata jako zaklad pro fizeni o udéleni védecké hodnosti

Philosophiae doctor.

V Praze 18. srpna 2017 /,/

MUDr. Zdenék Hodny, CSc.

Ustav molekularni genetiky AV CR, v.v.i.




Evaluation of PhD dissertation by Mgr. Eva Vesela

In her thesis, Eva Vesela describes the development of a new method for laser microirradiation to
generate DNA lesions, and uses this tool to study the mammalian DNA damage response (DDR).
Her work is highly relevant to the research field as the new method introduces an opportunity to
combine laser microirradiation with high-content screening approaches. The results are thus nicely
aligned with the aim of the studies.

Overall, the thesis is written in a clear and concise english language, and is very easy and pleasant
to read. There are quite a few misspellings/grammatical errors and missing words, so the thesis
could have benefitted from an extra proof-reading. But this is a minor shortcoming that does not
interfere with the overall positive impression.

This thesis consists of an introductory chapter, a material and methods section, a results section and
a discussion part. In addition, the work of the student is supported by her three published articles
where she has prominent author positions.

Introduction

In the introduction, Ms. Vesela descibes first the types and sources of DNA lesions, then moves on
to present the different relevant components of the DDR. Finally, she includes sections on relevant
issues such as common fragile sites and reviews the litterature on other laser irradiation techniques
for the generation of localized DNA damage. While the language is clear and the student manages
to demonstrate her knowledge, I do not like this structure at all! It would be much nicer if she had
discussed the relevant pathways as a whole and tried to formulate a unifying model of the DDR
instead of dividing it into snippets of information on isolated proteins. That leaves this opponent
with some doubt whether she has managed to get a proper overview of the scientific litterature and
understands the intricate interplay between DDR pathways. Also, some important aspects of
pathways are completely missing. An example is the pathway for ubiquitin-dependent recruitment
of 53BP1 and BRCA1-containing complexes, which is not mentioned at all, yet is very important
for the subsequent interpretation of the different recruitment profiles in the results section.

At her defence, I suggest that the candidate gives a comprehensive explanation of how initial
phosphorylation based signalling (ATM, MDC1 recruitment) is linked to ubiquitin signaling
and subsequent S3BP1/BRCAL1 recruitment. This complicated pathway is covered by a
substantial body of litterature.

Overall, the introductory chapter appears rather ”thin” and for example only contains three not very
informative figures.

Results

Together with the three appended articles, the results section leaves the impression that the student
has been very succesful and carried out a large body of relevant work. It is clear that the thesis is the
result of a large amount of experiments, and especially the meticulous optimization and
charactarization of the new microirradiation technique is commendable. Even so, I am missing



details on the nature and spectrum of DNA lesions generated by this technique and am thus
wondering what the student did to address this important aspect. In order for different irradiation
techniques to be comparable they should produce roughly a similar spectrum of different lesions.
Also, a full charactarization should include studies of how cells recover from the treatment. Do the
cells eventually succeed in repairing the damage, and if so, is this repair sufficient to support
continued proliferation? I think this is an important aspect of evalutaing laser irradiation techniques.

An interesting part of the work to charactarize the laser method is the mini-screen with DDR
inhibitors in Figure 9. I suppose that one reason to perform this experiment was to prepare for the
application of this method in high-content screening experiments. The results are quite puzzling
though, and the student does not make much effort in trying to make sense of the data.

At her defence, I suggest that the candidate discusses these results and tries to make sense of
the underlying biology. One aspect could be the effects of ATM, ATR and DNA-PK
inhibitors. Which of these kinases may and may not contribute to gamma-H2AX formation,
and why does caffeine (an inhibitor of some of these kinases) not have any effect?

When modelling the recovery of both protein accumulation and FRAP recovery, the author has
chosen a linear regression model. I am aware that this might not have been her own decision, but I
think it is an over-simplification as it is known that these responses are logaritmic in nature. It is
also quite clear (e.g. fig. 10b,d) that the recovery curves are not linear.

Discussion part

The discussion part is rather poor. It is more a repetition of the small summaries found in the results
section. For example, it would have been very interesting to learn how the candidate interprets the
effects of different DDR inhibitors on protein recruitment in figure 9 and learn about how she
reconciles her discovery of XPC involvement in the replication stress response with the published
litterature.

Regarding the three appended articles, it would have been nice with a detailed description of how
the student contributed.



Conclusion

The PhD thesis by Mgr. Eva Vesela is a very solid piece of work that fulfills the requirements of
scientific relevance and novelty and clearly represents the results of a large and dedicated effort. On
the downside, the introductory chapter and the discussion somewhat lacks evidence of full scientific
insight in the DDR field. In conclusion, it is my pleasure to recommend dissertation thesis for
defence and whether after successful defence candidate should be conferment of the academic
title ,,doctor* (Ph.D.), in accordance with paragraph 47 of the Higher Education Act No.
111/98 Coll. ‘
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