Posudek na disertaci Mgr. Zoltana Fiissy ,,Structure-function analysis of selected hop
(Humulus lupulus L.) regulatory factors*

Vysledky formalné dobfe vystrojené disertace se skladaji prevazné z piiloZenych publikaci
publikovanych v kvalitnich mezinarodnich ¢asopisech a v dal$im se omezim na struéné
shrnuti jednotlivych vysledki a zvl. otazky &i pfipominky, které k piekladané praci mam.

Doktorand si ve své praci klade ¢tyfi zakladni otazky, které hodla fesit u chmele:

A) hledani novych transkripénich faktord (TF), které se ugastni regulace syntézy lupulinu
B) bioinformaticka analyza jejich sekvenci

C) charakterizace doménové struktury — opét bioinformaticky

D) funkéni analyzy ve vztahu k viroidni patogenezi — fenologické analyzy heterolognich
transformantii

Piesto, Ze feSené problémy jsou jasné definovany, doktorand by pteci jen mél zdGvodnit, pro¢
je biologicky zajimavé hledat nové TF spise, nez do hloubky studovat znamée — biologicky
problém, ktery doktorand fesi je pfitomen spiSe implicitné.

V tvodni &asti, ptehledu dosavadnich znalosti o biosyntéze antokyanfl, velmi schazi ptehled o
mnoha znamych/publikovanych fytopatologickych souvislostech metabolismu antokyant
(viz. déle).

V prvni ptiloZené publikaci autofi popisuji dva nové kandidatni transkripéni faktory, které by
se mohly podilet na regulaci drahy syntézy lupulinu. K této praci doktorand dodé&lal dalsi
analyzy, které naznaduji, Zze odstran&ni dvou potencialnich mist fosforylace na TF cilenou
mutagenezi usti do hyperaktivace reportérového promotoru.

Fylogeneticky strom na obr. 2 prvni publikace je jist¢ jen ptedb&Zny a pfedpokladam, Ze se

k nému vyjadii pfip. dal§i kolegové oponenti této disertace.

Ve druhé praci autofi testuji jaké typy TF interaguji/tvoti komplexy pfi regulaci aktivity
uzitého chalkonsyntazového promotoru. P¥ tom byly popsdny nejen TF aktivatory a jejich
cis-DNA vazebna mista, ale také transkripéni represor z MYB rodiny DNA vazebnych
bilkovin. Dali experimenty p¥idané k této publikaci, studujici interakci TFs s vazebnym
mistem na DNA pomoci ,,band-shiftu®, spravng autor oznacuje za velmi pfedb&zné; zvl. také
proto, Ze by mély byt v ramci kontrol zakazeny extrakty z rostlin exprimujici jen jednotlivé TF
a prip. jejich dodate&né vytvofend smés (tedy viechny, ale bez ko-exprese); a zvl. také pouzit
kontrolni DNA ,,nevazebny* oligonukleotid.

Tieti publikace vyboduje ze zaméFeni na chmel — popisuje sekvenéni evoluci viroidu
bramboru pfi adaptaci na hefmanek a ukazuje zvy$enou patogenicitu viroidové specifickych
vsRNA u adaptovaného viroidu. Pfi infekei bylo prokdzano potlaceni genti pro syntézu
prekurzoru ligninu.

Ve &tvrté publikaci, jejimz je doktorand nejen prvnim, ale také korespondujicim autorem,
ukazuje, Ze infekce viroidem vede k potladeni akumulace antokyantl, a naznacuje, Ze za
potlatenim syntézy antokyani by mohly byt mj. vd-sRNA, které lze predikovat a jsou
homologni k skevenci samotné chalkon syntazy, kterou by mohly potla¢ovat. Kone¢ny dikkaz



o u¢asti vd-sRNA v potladeni aktivity CHS nebyl podan — v praci Fiissy et al. (2013) je ovSem
dolozena mozZnost takové regulace.

Stardi i neddvna data ukazala (napt. Saijo et al. 2009, EMBOJ; Serrano ¢t al. 2012; Plant
Phys), Ze pravdépodobné existuje kontextove specificky vzajemny regulaéni vztah mezi
reakci na patogeny a syntézou antokyanl — v uréitych kontextech pfi indukci obrany proti
patogenu dochazi k represi biosyntézy antokyant. Tato moznost méla byt pfinejmensim
teoreticky zvazena a nejlépe také experimentalné testovana v téchto znamych souvislostech
piesto, Ze v odpovédi na viroidovou nakazu lze olekavat specifické jevy. Tedy 1 ivodni ¢ast o
regulaci metabolickych drah biosyntézy antokyant postrada tuto podstatnou East (viz.
piipominka vyse).

Zavér disertace spolu s vyhledy do budoucnosti (str. 84) je psan piilis obecné a jeho realny
informaéni obsah je minimalni — Ze byly metodické obtiZe se studiem meziproteinovych
interakei a Ze zavedeni bodovych mutaci zvysilo aktivitu TF HIbZIP1A. V zdvéru by mély byt
piedevsim sumarizovany hlavni vysledky celé prace. Pfesto, Ze kazda piiloZena publikace
obsahuje diskusi, by bylo na misté uzaviit text disertace spole¢nou obsahlejsi zavére¢nou
diskusi.

Zvl. u publikaci, kde je doktorand spoluautorem, by mé&lo byt bliZe specifikovano, jak k dané
publikaci piispél.

Pies vyie vyjadiené namitky ¢ kritiku pfedloZené publikace dokladaji, Ze doktorand pronikl
uspé&sng do fegeného problému a osvojil si metody védecke prace v daném oboru, a proto

doporudu;ji, aby piedkladana prace byla obhéjena jako prace disertacni.

S pozdravem

PSh U

V Praze 27. 3. 2013 RNDr.Viktor Zdrsky CSc.
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Oponentsky posudek na disertaéni praci

Autor: Mgr. Zoltan Fiissy
Jihodeska univerzita v Ceskych Budéjovicich, Pfirodovédecka fakulta
Biologické centrum AVCR, Ustav molekularni biologie rostlin

Nazev prace: Structure-function analysis of selected hop (Humulus fupulus L.) regulatory
factors

Oponent: RNDr. David Honys, Ph.D.
Ustav experimentalni botaniky AVCR, v.v.i.

Predkladana disertadni price je psana anglickym jazykem, tzv. zkrdcenou formou. Je
denéna na Uvod, Teoreticky prehled ukryvajicf vsobé i struény piehled metod studia
transkripcnich faktoril, Cile prace, Vysledky obsahujici i Ctyfi impaktované publikace,
Zavéredné shrnuti, Zivotopis autora, Seznam zkratek a koneéné Seznam literatury.

Nedilnou soudasti prace je seznam ¢tyf impaktovanych publikaci s autorskym podilem
Mgr. Flissyho, kdy u kaZdé prace je tento podil specifikovan. Souhrnny {F pfedloZenych
publikaci je 12.029, co? vyrazné piesahuje primérné hodnoty oboru. Jedna z publikaci je praci
prvoautorskou. Disertadni prace ma celkem 102 stran, nicméné 51 z nich zabiraji publikované
¢lanky. Prace je velice tiva a aZ na skutecné minimaini nepfesnosti psana kvalitni anglictinou,
alesport v mife, kterou je schopen posoudit cizozemec, jehoz materitinou je {estina. Textu
dokonce misty nelze upfit jistou davku poetismu: ,,Therefore, we set out to a journey of
discovery and characterisation of other regulators, with a battery of methods to analyse TFs

Deklarovanym tématem prace je strukturni a funkénf analyza vybranych transkripcnich
reguldtord genové exprese chmele otdcivého, zejména ve vztahu k biosyntéze sekundarnich
metabolitl, pfedeviim flavonoidil. To s ohledem na praktickou dlleZitost chmele mimo jiné
naznaduje moZny budouci aplikaéni potencial prezentovaného vyzkumu.

Prvni kapitola Uvod na nékolika Fadcich ddvd étendfi do souvislosti procesy vafeni piva
a regulace biosyntetickych drah sekundarnich metabolitd u chmele. Kapitola Teoreticky
pfehled je na svych 22 strandch dominantnf ¢astf prace. Autor zde prehlednou a i laikovi
srozumitelnou formou shrnuje aktui!nf poznatky o biologii chmele, biosyntetickych drahach
flavoncidi u rostlin, koneéné o produkci sekundarnich metabolitd u chmele. Ponékud
nestandardné je sou&asti této kapitoly i obecny piehled metod studia transkripcnich faktord.
Vlastni kapitola Materidl a metody v praci chybi, pouZité metodické postupy jsou vesmés
popsany v rdmci publikovanych <lanki, coz viak neumoiiiuje posoudit, kterymi metodami
prakticky viddne doktorand sdm. Cile prace jsou formulovany Gsporné, nicméné dostatedné
vylerpavajicim zplscbem. Kapitola Vysledky obsahuje soubor ctyf publikovanych praci
doplnény o struény popis dosud nepublikovanych dat. V pracich tohoto typu jinak bézni
kapitola Diskuse v predlozené préci zcela chybi, kdispozici jsou pouze dili diskuse jako
soudast publikovanych &lankd.
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Hlavni komentar

Za hlavni pfednost prace pokladdm zpracovani nesnadného vyzkumu transkripénich
faktorli nemodelového rostlinného druhu navic spomérné dlouhou vegetaéni dobou a
povaiuji za vhodné ocenit odvahu tymu Dr. Matouska se do takové prace pustit. Tyto
skutecnosti je nutné vzit v potaz pfi hodnoceni dildich citl prace a jeji organizace. Je zfejmé,
Ze se Mgr. Fiissy podilel na nékolika projektech tymu Skolitele, coZ se odrdZi ve spektru
vyslych publikaci prezentujicich skutecné Siroky zdbér témat: (1) klonovéni a charakterizace
chmelovych transkripénich faktord rodiny bzIP, (2) funkéni charakterizace chmelového
reguladniho komplexu MBW, (3) interakce viroidd PSTVd s rlznymi hostiteli a kone¢né (4)
zmény exprese chalkonsyntazy H1 a daldich gend po napadeni rostlin chmele viroidy HSVd.
Vtéto souvislosti proto pokldddm za obzvlast' neStastnou absenci abstraktu a zejména
obecné diskuse, v niz by se autor pokusil uvést do souvislosti zajimavé, ale na prvni pohled
vzdjemné pouze marginalnéd souvisejici publikované dil¢i vysledky s dosud nepublikovanymi
daty, ktera v tomto usporadani nejsou diskutovana vibec.

Je jasné, Ze viechny publikované diléf vysledky pro3ly recenznim fizenim v kvalitnich
Casopisech a jejich védeckd relevance je nepochybnd. V jednotlivych publikacich jsou také
jednotlivé patfi¢né diskutovany. Jednim z cild diserta¢nl price by viak mélo byt presvéddit
oponenty a pfislusnou odbornou komisi o schopnosti doktoranda samostatné proviadét
experimentalni védeckou prici a prezentovat jeji vysledky. Podil autora na jednotlivych
publikacich je v posuzovaném textu patfi¢né popsan a jeho vyznam je zfejmy. Z tohoto popisu
i ze sloZzeni autorského kolektivu jednotlivych ¢lankd se viak zdd, Ze zdsadni podil mél
doktorand jen na publikaci posledni. Pravé vtéto souvislosti vysvita potfebnost obecné
diskuse, ktera by viechny publikované i dosud nepublikované vystedky uvedla do souvislosti a
zejména prokdzala schopnost autora se v fesené problematice orientovat.

Drobné komentiafe

1) Kapitola Teoreticky pfehled ma ve svém lvodu moind zbytecné Siroky zabér stran
spektra probiranych sekunddrnich metabolitd s dimz kontrastuje omezeni popisu
regulace biosyntézy flavonoid pouze na modelovy huseniek, jak je uvedeno na konci
str. 11. Domnivam se, Ze pravé proto, Ze vlastni experimentalni prace probihala na
specifickém nemodelovém druhu, by bylo zajimavym pocinem integrovat znalosti
ziskané studiem i jinych druhq, které jsou ostatné na strané 11 jmenovény.

2) Autor na strané 19 uvadi, Ze aktivita nékolika laboratoff pfispéla ke vzniku databize
chmelovych EST. Jako laik v daném oboru bych ocenil, kdyby u jmen reprezentujicich
jednotlivé laboratofe byly uvedeny bud pfisludné instituce i alespofi citace jejich praci,
pokud tyto existuji.

3) Autor v kapitole 2.5.2. (str. 24) ve spektru metod fenotypové analyzy mutantd zmiriuje
aplikaci systému CRES-T spodivajici ve fuzi zkoumaného proteinu srepresorovou
doménou EAR (uvedend citace Hiratsu et al. 2003). Zde by bylo zajimavé popsat
neddvny vyvoj v této oblasti véetné mechanismu popisované dominantnf represe
s Géastl proteinu TOPLESS popsaného pfedtim v Uplné jiné souvislosti (Mitsuda et al.
201, Kagale & Rozwadowski 2011, www.cres-t.org/fiore/public_dbfindex.shtml).

4) Obrézek 8 (str. 38-39) ukazuje aktivaéni potencidl divokych a mutovanych proteini
HIbZIP2. Zcela jsem nepochopil znadeni na obrazku, vlegendé a v textu. Je faktor
bZIP1A totoiny s faktorem bZIP2? Odpovidaji mutace bZIP1A 2993 a bZIP1A 2995
mutacim v aminokyselindch Ser41 a Thr1o2? Jakym zplsobem byl méfen aktivacni
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potencidl té&chto proteinii — metodou popsanou v ¢lanku nebo néjak jinak? Mél by zde
byt odkaz ¢i popis.

5) Misto terminu ,,N-terminal end* by stadilo napsat,,N-terminus* (str. 38).

6) Jakou vyhodu mélo pouZitf B2H misto ¢astéji pouzivaného Y2H (str. 60)? Nemohou byt
neuspokojivé vysledky ziskané touto metodou (str. 84) vysvétleny Castecné pravé tim,
e nebylo pouito eukaryotického systému? Mimoto jsem vtextu neobjevil popis
pouZité metody B2H — v #8dném ¢lanku ani mezi nepublikovanymi vysledky.

7) Vysledky prezentované na obrazku 10 (str. 60) by byly v tisténé formé prace zretelngjdi
v barvé&. V PDF souboru tento obrdzek barevné je.

8) Zcela jsem nepochopil postavenf strany 74 mezi dvéma Clanky. Textu na strance by
slugel néjaky nadpis.

Zavéredné hodnoceni
Celkové se jedna o kvalitn( praci pfina3ejici zajimavé vysledky podpoFené relevantnimi
publikacemi. Vy$e popsané pfipominky zdsadnim zplisobem nesniZuji jejl hodnotu. Prace

samotna i ptilozené publikaéni vystupy spliujl standardni ndroky kladené na obhajobu
disertalni price v nasem oboru.

Praci doporuduji k obhdjeni.

edouci Laboratore biologie pylu
UEB AVCR, v.v.i.

V Praze, dne 28. 3.2013
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Examiner’s report on a PhD thesis

Title of the thesis: Structure-function analysis of selected hop (Humulus lupulus L.) regulatory
factors

Applicant: Mgr. Zoltan Fiissy

Institution: School of Doctoral Studies in Biological Sciences, University of South Bohemia in
Ceské Bud&jovice, Faculty of Science

The subject of Zoltan’s thesis stems from a long-term research programme being pursued in the
laboratory of his supervisor, RNDr. Jaroslav Matougek, CSc., at the Institute of Plant Molecular
Biology, Academy of Sciences of the Czech Republic. Using state-of-the-art methods of modern
biology, the programme aims at getting better understanding of a phenomenon that has fascinated
people for ages, namely the property of hop plants to make compounds conferring the unique taste
of beer. The molecular underpinnings of the phenomenon are interesting from both the theoretical
and practical points of view, yet their knowledge remains limited. Zoltan’s thesis delivers
significant new findings about molecular mechanisms of regulation of flavonoid production by
hop, and is thus a welcome contribution to an important field of “basic” plant science with
ramifications towards practical agricultural applications.

The structure and extent of the thesis are standard and clearly meet criteria for a good PhD thesis in
the Czech academic environment. The Introduction (chapter 2), comprising over 20 pages,
summarises various aspects related to the production of flavonoid compounds in plants, particularly
in hop. Special attention is paid to regulation of genes for enzymes of the flavonoid pathway by
various transcription factors. Given the subject of the actual Zoltan’s research work, the
Introduction also includes a useful overview of methods being currently used for studying
transcription factors and their functioning. The rest of the thesis consists primarily of multi-author
papers already published upon peer-review in scientific journals, which makes the Introduction the
main original part of the thesis. Let me, therefore, focus more critically on it.

The linguistic quality of the Introduction, as far as it can be evaluated by a non-native English
speaker, is excellent and T have noticed only a few places where there seemed to be an obvious
mistake. One of the examples might be a sentence on page 17, reading “Overexpression of the
specific both anthocyanins and PA regulators...”, which does not make sense to me. Another case
can be found on page 22; the sentence “Genes that resemble by expression profiles often share
regulatory motifs” also does not make sense, as it probably lacks the expression “each other”. Here
and there I was not sure about the use of articles, but I do not feel competent enough to make any
strong claims on this.

At-some places the wording employed appeared imprecise from a formal point of view. For
instance, Zoltan writes on page 22 that “we can take advantage of the Cannabis genome from two
cultivars”™: however, what he has in mind here is apparently Cannabis genome sequence rather than
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Cannabis genome as such. Another case is the use of the expression “high homology” to describe a
situation where two sequences (of genes or proteins) are highly similar to each other (e.g. on pages
9, 19, 21). Technically homology means common descent and cannot be quantified (so there is no
higher or lower homology). I must admit, however, that exactly these two examples of a sloppy
language are fairly common in the scientific literature. I was additionally in doubts regarding the
claim (page 9) that “petunia contains 3 genes encoding CHI™. As far as I know, there is no full
genome sequence available for petunia, so how certain we can be that the number is three? Would
it be better to write “at least three™?

Sometimes I could not understand well what Zoltin means. For example, on page 19 he writes:
“The VPS protein shares a high degree of homology [sic!] with plant CHSs as well as other hop
CHSs”. In my understanding, “other hop CHSs” are by definition plant CHSs, so why the
similarity to them is mentioned separately? Would a better wording be “The VPS protein exhibits
high similarity to other hop CHSs and to plant CHSc in general™? On page 8 Zoltan writes that
cytochrome P450 hydroxylase C4H is “problematic”, but it is not at all clear to me from the text
why it should be so.

Some criticism must be raised regarding the number of figures accompanying the Introduction.
Some parts were somewhat difficult to read without any graphical support, particularly the section
2.4 “Secondary pathways of hop”, which would very much benefit from inclusion of at least a
simple a graphical scheme of the metabolic pathways described in the text; T also lacked chemical
formula of at least the main flavonoid compounds of hop, such as xanthchumol.

Let me now say a few words about the chapter 4 — Results. Four original papers published in
impact-factor journals are accompanied with short treatises on some unpublished results related to
the content of the papers. All of the papers have multiple co-authors and only one has Zoltén as the
first author, but his contribution to each paper is clearly described at the beginning of the thesis.
Although it is not a fundamental criticism, it must be admitted that the paper 3, entitled “Biological
and molecular analysis of the pathogenic variant C3 of potato spindle tuber viroid (PSTVd)
evolved during adaptation to chamomile (Matricaria chamomilla)”, does not fit well the general
subject of the thesis, as it deals with neither hop nor regulatory factors. Zoltan should probably
explain in more detail the links between this study and the main focus of his thesis during the
defence. I was also not always completely satisfied with the sections describing the unpublished
results. For example, there seems to be a conflict between what is stated in the text and in the
legend to Fig. 9 on page 60. Specifically, in the text Zoltan writes: “In Fig. 9, specific protein-DNA
interaction can be seen in MBW complex-containing sample (lanes 3) and a partial inhibition of
this interaction of mutated Pchs H1 DNA is used as probe.” However, in the legend to the figure,
we can read: “Mutation of ACE and MYB elements in Pchs_H1 did not clearly inhibit the
M3B2W1-DNA complex formation”. So is there any effect of the mutations in the promoter region
of Pchs_H1 on the interaction with the regulatory complex or not? Next, further downstream on
page 60 Zoltin speaks about screening BAC libraries and isolation of the HIMYBI1 promoter, but
no methodical details are provided, so it is not at all clear how he achieved this. Nevertheless, the
chapter 4 altogether gives a clear idea that the amount and methedical diversity of Zoltan’s
experimental work is completely sufficient for a PhD thesis.
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Chapter 5 provides a brief summary of the thesis with some perspectives for the future work. I
cannot resist expressing some reservations about this chapter, as I think it should more explicitly
discuss to what extent the aims of the thesis as declared in chapter 3 have been achieved. For
example, one of the stated aims was to perform phylogenetic analyses of hop transcription factors,
but the thesis does not include any such analyses that would be done by Zoltan (the phylogenetic
trees in paper 2 were apparently constructed by another co-author, since Zoltan’s claimed
contribution was only preparation of the cDNA library). It would be good to explain in conclusions
why some of the aims have not been achieved.

Additional minor issues of the thesis include:

1) the wrong order in the list of abbreviations (page 86), where abbreviations starting with the
letter “Q” precede those starting with “P” or the abbreviation “Y2H” precedes the
abbreviation “XN”, thus not following the alphabetic order.

2) the abbreviations DMX or PR not explained in the list of abbreviations at the end of the
thesis

3) the legend of Fig. 4 (page 10) would strongly benefit from including explanations of the
abbreviations used for the individual enzymes of the biochemical pathways depicted. The
necessity to check every abbreviation by consulting the abbreviation list ate the end of the
thesis is very impractical.

4) atypographic error in the legend of Fig. 8, page 38 (“reportem™)

For the defence of the thesis, I have an additional question to the applicant. On the 24" of January
2013 an important paper was published in BMC Plant Biology (Clark et al., BMC Plant Biol 13:12,
http://www.biomedcentral.com/1471-2229/13/12) dealing with the transcriptome of lupulin glands
sequenced using the RNA-seq method. Although the thesis seems to have been submitted only after
this paper had been published, there was probably not enough time to incorporate the results of this
apparently important paper into the text of the thesis. Could Zoltan briefly discuss the significance
of this paper and the transcriptomic resources it delivers with regard to the subject of his thesis?

Altogether, despite some criticism 1 am confident that Zoltan’s thesis demonstrates his eligibility to
be awarded the title Ph.D.

In Ostrava, 28" of March 2013.

Mgr. Marek Elia%, Ph.D.



