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Report on the thesis presented by Michaela BOROVANSKA

Michaela BOROVANSKA PhD Thesis entitles ‘Physiological and molecular
adaptations during diapause development and overwintering in a heteropteran bug,
Pyrrhocoris apterus’ is made of 4 main chapters: an introduction (15 pages iong), 7
published papers, perspectives, and it finishes with a presentation of the abstracts of
posters/talk that were presented in international conferences. One more published paper is
also presented in this last chapter.

Michaela Borovanska’s research falls in a general area that has been unfortunately
somewhat neglected in the last two decades — animal physiological ecology — and that
nevertheless promises important scientific insights (as is indicated by much of M.
Borovanska'’s research). Michaela Borovanska’s casts her research in the sub-discipline of
stress physiology, which intersects with ecology in attempts to characterize and explain
the population dynamics within their geographic ranges. The particular stress in which she
specializes — exposure to low temperature — is particularly timely regarding the current
climate changes. She examined physiological and molecular adaptations in response to
harsh winter conditions in a species that enters diapause during late summer and persists
in a state of low temperature quiescence during winter months. For many years, insect
ecophysiologists have had a good understanding of the lethal and sub-lethal effects of cold
stress at the phenotypic level, and of the different molecules that are synthesised to
perform various cryoprotective roles. However, until recently, we have been lacking a clear
understanding of the molecular and in some cases, the genetic bases of our observations.
To bridge the gap between ecology, physiology and molecular biology, we need to apply
an integrated suite of techniques to address these problems.

Michaela Borovanska’s research manifests a remarkable degree of coherence and
has progressed from an initial interest in the physiological and biochemical changes of the
mechanisms occurring in response to cold temperatures in the linden bug Pyrrhocoris
apterus to the mechanistic (molecular) basis of such tolerance (repair of chill injuries).

Overall, | found the introduction well written, but | have the feeling that it would have
gained in clarity by adding some figures. For instance, there’s a good description of the
adjustment of cell membrane composition as well as for the main enzymes involved in the
cryoprotectant biosynthesis, but adding some figures explaining changes that occur at the
membrane level and summarizing the main metabolic pathways involved in the polyols
synthesis would have helped the reader. At first, | thought that some information were
lacking in the introduction. However, my opinion changed when | finished reading the
whole manuscript: the introduction ensures a good understanding of the work by giving the
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needed scientific basis to the reader. Additional information are then found in the following
papers, and | found this really pleasant, since it avoids repetition usually found in thesis
mainly composed by published papers.

The main body of this thesis includes 7 published papers, and, in one of them,
Michaela Borovanska is the only author, demonstrating her ability to conduct her own
research from the beginning to the end. | enjoyed reading all of these papers. Experiments
are conducted with care and each of us gives new insights into the physiological,
biochemical and molecular basis of insect cold hardiness.

My main critics will be on the chapter 3. Regarding the big amount of work that has
been nicely conducted, | felt a bit disappointed when reading the perspectives (< 1page).
| should add that Michaela Borovanska developing research programs suggest many other
interesting directions that she has not mentioned. For instance, it's really fascinating that
the Pahsp 70 mRNA increases during the warm period of the FTR (paper 7), but that the
protein could not be expressed (paper 7) whereas it assists the repair of chill injuries after
heat stress (paper 6). Did you plan conducting further experiments to determine why the
expression of the mRNA encoding this protein didn’t result in an accumulation of the
Pahsp 70 protein over time? In addition, and as stated in the introduction, all the studied
processes are under hormonal regulation. Do you have an idea of the hormonal signal that
leads to the transcription of Pahsp 70 mRNA? It starts increasing as soon as the insects
were heat stressed, and stopped when they were returned to optimal thermal conditions.
This suggests that it is triggered by temperature itself and not by an amount of
accumulated injuries per se. As you were able to inject RNAI (and even polyols!) in that
species, injecting precursors of some of the main hormones known as being involved in
the heat stress response (like dopamine or octopamine for instance) would be of particular
interest. It would help determining the possible hormonal cascade initiating the activation
of the Pahsp 70 mRNA transcription. Do you think that would be possible? Examining the
hormonal regulation of the metabolic activities and more particularly the regulation of the
enzymes involved in the cryoprotectant synthesis in the fat body would also be a nice
perspective regarding the researches you conducted to date.

It is also noteworthy that Michaela Borovanska has collaborated substantially with
other researchers at Ceske Budejovice, and at European universities beyond Czech
Republic, in projects that benefit from the particular talents of each collaborator and could
probably not have been conducted by any one researcher working in isoiation.

In sum, the steady growth, impressive breadth, and original nature of
Michaela Borovanska research, combined with her ability to collaborate fruitfully with
colleagues on a variety of research topics, indicate that. She certainly merits presenting
her work to the committee and gets the Doctor graduation.
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Oponentsky posudek na Ph.D. Thesis Michaely Borovanské “Physiological and
molecular adaptations during diapause development and overwintering in a
heteropteran bug, Pyrrhocoris apterus”

Hlavni soucésti predkladané prace je soubor 7 originalnich praci publikovanych v
recenzovanych mezinarodnich ¢asopsech. Hlavnim cilem, kterému jsou vénovany Ctyfi
publikace, bylo objasnit vztah mezi polyoly, vetné souvisejicich enzymu a jejich transkriptt
a chladovou rezistenci plostic Pyrrhocoris apterus. Detailné jsou analyzovany zmény v
hladinach téchto molekul ve vztahu k diapauze, diapauznimu vyvoji a chladové aklimaci.
Jedna prace fesi vliv diapauzniho vyvoje, chladu a ztraty vody na zmény v membranovych
fosfolipidech a dvé nejnovejsi prace jsou vénovany potencidlni tloze heat shock proteint pfi
prezivani nediapausnich plostic v nizkych teplotach. Kromé toho jsou pfilozeny abstrakty z
mezinarodnich konferenci a publikace vysledku ziskanych béhem pobytu v zahrani¢i.

Soubor praci je uveden obsdhlym prehledem literatury svéd¢icim o dobré celkové
orientaci autorky v problematice diapauzy a chladové odolnosti. Summary je sloZeno ze
zkracenych abstraktt jednotlivych praci. Domnivam se, Ze souhrnné vyhodnoceni celkového
védeckého prinosu predlozenych publikaci by umoznilo uvést v soulad nova zjisténi, ktera se
pochopitelné v jednotlivych publikacich ¢aste¢né prekryvaji nebo jsou zdanlivé rozporna (na
pt. str. 103: ad (1) “in response to cold treatment the activity of a form GP ase decreased” vs.
ad (2) “ GP ase inactive b form was activated upon transition to 0 °C) a zaroveri by byl daleko
prehlednéji vystizen piinos doktorandky k problematice. Summary v soucasné rozdélené
podobé (chapter 3, str. 103-106) zté¢zuje Ctenafi udélat si takovy celkovy dojem. Forma
shrnuti pouzita v autoreferatu se zda byt vhodné&jsi. Je skoda, ze chybi kapitola Diskuze
konfrontujici autor€ina zjisténi s vychozimi hypotézami a sou¢asnym stavem védeckého
oboru, i kdyz nékteré véty tohoto typu lze nalézt v Introduction.

Publikace samotné jsou dobfe napsany a pfinaseji nové dilezité poznatky predevsim o
molekularnich mechanizmech diapauzniho vyvoje a chladové odolnosti. Mam pouze jeden
dotaz: Pro¢ jste vztah mezi heat shock proteiny a chladovou odolnosti zacala fesit nejdiive u
nediapauznich plostic, jejichz schopnost chladové aklimace je ve srovnani s diapauznimi
plosticemi postatné mensi?

Celkové hodnotim praci velmi kladné. Autorka zvladla celou fadu modernich metod
fyziologie a molekularni biologie a ziskala nové zajimavé vysledky. Pfedkladanay soubor
publikaci spliiuje veskeré pozadavky na doktorskou (Ph.D.) praci a plné ji doporucuji k
obhajobé.

V Ceskych Bud&jovicich, 30.11.2009
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Doc. RNDr. Magdalena Hodkova, CSc.
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Oponentsky posudek na diserta¢ni praci

Autor: RNDr. Michaela Borovanska

Titul: Physiological and molecular adaptations during diapause development and

overwintering in a heteropteran bug, Pyrrhocoris apterus

Prace Mgr. Michaely Borovanské ptedlozena pro ziskani titulu PhD na Piirodovédecké
fakulte Jiho€eské University je komentovanym souborem 7 publikaci a 4 abstrakti z
konferenci tematicky zaméfenych na ekologii a fyziologii hmyzi hibernace. Tento zakladni
soubor pracuje s klasickym objektem téchto studii, jimz se stala, a to velkym pfi¢inénim prave
Skoliciho pracovisté doktorandky, ruménice pospolna Pyrrhocoris apterus L. (Heteroptera,
Pyrrhocoridae). K souboru praci je dale ptfipojena prace tykajici se biologie zimovani zizaly
druhu Dendrobaena octaedra, kterou autorka publikovala na zahrani¢nim pracovisti. Prace
tykajici se vlastni problematiky doktorandské prace byly publikovany v letech 2004-2009 v
¢asopisech Physiological Entomology (if=1.533), Journal of Insect Physiology (if=2.155),
Journal of Experimental Biology (if=2.981), European Journal of Entomology (if=0.913),
PLos ONE a Cryo Letters (if=1.193). Doktorandka je jedinou autorkou u jedné z praci, u
dalsich praci je kolektiv autorti dvouc¢lenny (1 prace), tfi¢lenny (3 prace), ¢tyi¢lenny (1 prace)
a péti¢lenny (1 prace), pficemz doktorandka se vzdy podilela na publikacich velkym podilem,
vyznamné planovala design experimentt, pfipravovala materialy a vykonala vétSinu
experimentalni prace. Prvni vysledky byly publikovany v roce 2004. Doktorandska prace
tudiz shrnuje vysledky za nejméné Sestileté obdobi vyzkumné ¢innosti. VSechny vysledky
prosly naroénym recenznim Fizenim pted pfijetim k publikaci. Jejich odborny ptinos byl tak
hodnocen piisnéj$imi a spravedlivéj§imi métitky, nez bych mohl uplatnit sdm v tomto
posudku. Necitim proto potiebu vyjadfovat se k formalni nebo obsahové strance jednotlivych
publikaci. Jiz scientometrické hodnoceni védeckého vykonu doktorandky, dle mého nazoru,
zcela zdivodiuje udéleni titulu PhD.

Nicméné bych chtél podat jesté kratké zhodnoceni predkladaného souboru praci. Soubor
publikaci pfedloZeny jako doktorandska prace je dobfe tematicky vymezen, jednak subjektem
vyzkumu (rumeénice pospolnd), jednak zkoumanou problematikou (fyziologie diapausy).
Zkoumanou problematiku je mozZno shrnout z jednoticiho pohledu, ktery autorka sama podava

v uvodu doktorandské prace (15 stran doplnénych c. 200 citacemi). Zkouméana byla jednak



klasicka problematika Skolitelského pracovisté, mechanismy a ¢asovy pribéh biochemickych
reakci v zimnim obdobi a s tim spojené zmény resistence k nizkym teplotam, dale pak
problematika heat shock proteinii. Doktorandka vychazela z jiz dfive ziskanych dobrych
znalosti fyziologie zimovani rumeénice a fesila nékolik vybranych problému, které spolu
souvisi tim, Ze se odehravaji v obdobi zimovéni. Jako velmi zajimavou ¢ast hodnotim
problematiku vlivu kolisavych teplot (zatim mélo zkoumano) a tlohy hsp proteint pti
reparaci chladového poskozeni (nové ve studiu P. apterus, i kdyz zatim vysledky s jejich
indukci byly negativni).

K vybéru temat ani k metodice nemam pfipominky. Jako namét k diskusi kladu otazku,
ktera souvisi s praci EJE (2008) 105: 145-152 studujici sezonni zmény aktivity tfi enzymi. Na
rozdil od pokusi s laboratorné chovanymi zvifaty nalezla autorka v pfirodnich populacich
ohromnou variabilitu, tak velkou, Ze nebyly v del$ich ¢asovych usecich nalezeny vyznamné
rozdily v primérnych hodnotéch z jednotlivych dat. Ptam se tudiz, v ¢em vidi autorka pfi¢inu
této variability. Je mozné, Ze se jedna o v€kovou zavislost? V materidlu ze zafi, ktery tvoii
kohorta stejného véku je, na rozdil od vSech ostatnich vzorkd, variabilita mala. Dale: 1ze pfi
tak ohromné variabilité pfedpokladat né€jaky vliv sledovanych faktort na fitness zvitat? T.j.
mohou byt néktefi jedinci determinovani k smrti v nékterém obdobi piezimivani pravé kvili
nepiiznivému titru jednoho nebo vice enzymu? Probiha takova selekce v podminkach
pfezimovani? Vim, Ze to nebylo sledovano, nicméné nézor autorky by mne velmi zajimal.

PredloZena prace je vysledkem viceleté vyzkumné ¢innosti doktorandky v oboru
ekologie, fyziologie a biochemie diapausy Pyrrhocoris apterus. Publikace zahrnuté v
doktorandské praci svédéi o prikladné pili a Siroké informovanosti doktorandky v
problematice oboru a o jejich tvuréich schopnostech. PredlozZeny text spliiuje spliiuje vSechny
naroky kladené na doktorandskou préci. Scientometrické ukazatele naznacuji, ze autorka
zdarné vykrodila k tomu, aby se stala uznavanym ¢lenem mezinarodni védecké komunity
daného oboru. Doporucuji, aby doktorandska prace byla pfijata k oponentnimu fizeni a po

jeho uspésném zakonceni byl autorce udélen obhajovany titul.

/‘dois Honék



