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Posudek disertacni prace Mgr. Jany Mackové: '"The role of plant cuticle in water loss

protection''.

Jednim ze zdkladnich predpokladi pro uspésny piechod rostlin z vodniho prostiedi na sous
bylo vytvofeni bariery zabranujici neomezené vyméné plyni a pravé kutikula je touto
barierou. I kdyz obecny vyznam kutikuly je velmi dobie znam, teprve metodiky vyvinuté
v poslednich letech umoznily pfesné rozliSeni kutikularni a stomatarni transpirace. Na
vytvoieni novych metod stanoveni kutikuldrni transpirace se uspésné podilela i laboratof
vedend Doc. Santrickem. Je tedy nepochybné, Ze téma této disertacni prace odpovida
zamérteni laboratoie a je velmi aktualni.

Diserta¢ni praci Jany Mackové tvoii tivod, 4 publikace a zavéry. Prace je predlozena
v anglickém jazyce. V tvodu autorka struén¢ zminuje slozeni kutikuly, jeji permeabilitu a
mozné zméeny vyvolané pusobenim faktort vnéjSiho prostiedi. Na konci této ¢asti jsou jasné
formulované cile disertace, které jsou zaroven i cili piedlozenych publikaci.

Prvni publikace je metodického charakteru a autorka se podilela na vypracovani nové
metody umoznujici rozliSeni soucasného transportu vody kutikulou a priduchy na téze
epidermis. Diive se totiz kutikularni transpirace pfevazn¢ méfila na epidermis kde priduchy
nebyly pfitomny nebo byly uméle zaviené. Tuto metodiku pak vyuzila autorka pro dalsi
experimenty tykajici se ovlivnéni permeability kutikuly vlhkosti vzduchu u dvou druhi
ruzného puvodu lisicich se ve své odpoveédi na sucho. Obé tyto prace byly publikovany
v prestiznim Casopisu, ..JJournal of Experimental Botany“, proSly naroénym recenznim
fizenim a je tedy zbyte¢né mit k nim jakékoli pfipominky. Chtéla bych jen zdiraznit, Ze se
nepochybné jedna o nové a zavazné vysledky. Drobnym formalnim nedostatkem jsou chyby

tisku pravdépodobné vzniklé pti kopirovani publikace do této knizni podoby na str. 19 -21.




Ve tieti praci, ktera je predlozena do Casopisu ,,Environmental and Experimental
Botany®, se autorka zabyva vlivem sucha simulovaného aplikaci kyseliny abscisové na
chemické slozeni kutikularnich voskt u Lepidium sativum. Zde bych méla k autorce nékolik
dotazii. Nevim do jaké miry je aplikace ABA skute¢nou simulaci vodniho stresu. I kdyz
zvySeny obsah endogenni ABA je jednim ze signalti vodniho stresu a aplikovana ABA je
obvykle dobfe pfijimana rostlinou, existuje i pusobeni vodniho stresu na ABA nezavislé.
Kromé toho interakce mezi ABA a puidou jsou znamé a tedy koncentrace ABA v okoli
kotenti se nemusi shodovat a aplikovanou koncentraci. Dale bych se chtéla zeptat, proc¢
prave tato rostlina byla k pokusiim vybrana. Na str. 78 mé piekvapilo zjisténi “ABA-treated
plants had sighificantly higher aboveground dry biomass™ kdyz z tabulky 1 je patrné, ze
rostliny oSetiené ABA mély velmi sniienoﬁrceulﬁléovou biomasu. e 7

Ctvrta prace byla publikovana v ¢asopisu Acta Oecologica a zabyvé se sledovanim
morfologickych a fyziologickych rozdili mezi riznymi druhy rodu Polylepis rostoucimi
v ruzné nadmoiské vySce na Andach. Povazuji ji za dobrou ekofyziologickou praci. Pouze
obrazek ¢. 3 mi pripadd moc zmenSeny ve srovnani s ostatnimi obrazky, ale to je véc
redakce ¢asopisu a nikoli autort.

V zavérech autorka potvrdila splnéni vytéenych cili a naznaCila i perspektivy
mozného dalsiho vyzkumu v tomto oboru.

Tato disertace je zaloZena na vysledcich ziskanych celymi kolektivy autort, coz jisté
nemalo piispélo k mozZnosti jejich velmi uspésného publikovani. Podil autorky je vSak jasné
vymezen.

Autorka ve své disertaéni praci nepochybné prokazala znalost oboru a schopnost byt

platnym ¢lenem vyborného védeckého tymu a proto jeji disertaci doporucuji k obhajobe.
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Review of Ph.D. thesis
of Ms. Jana Mackova with the title

»The role of plant cuticle in water loss protection*

Land-living higher plants are characterized by specific surface tissues such as periderms or the
epidermis. The epidermis represents the plant/environment interface and as such a specific cell
wall modification, the cuticle, build the outermost surface of the plant. The cuticle, chemically
characterized by lipophilic materials such as cutin and waxes, provides a physiologically important
barrier preventing uncontrolled water and nutrient loss and protection against pathogens. Despite
this importance, many aspects of transport across cuticles and the factors determining or
composing the barrier properties are still unknown. Understanding cuticular transport is also of
agronomic interest as the application of multiple agrochemicals requires foliar uptake and cuticular
transpiration is a critical factor determining the water use efficiency.

Leaf water evaporation is the sum of coordinated stomatal and cuticular transpiration. A great
limitation in determining the cuticular transpiration exists for stomatal cuticles since imperfect
stomatal closure could mislead leaf measurements. The use of isolated cuticles allowed only the
transpiration measurement of astomatous cuticular membranes. So a major challenge in previous
studies was always the differentiation of stomatal and cuticular transpiration in stomatous cuticles
and this was the origin for the Ph.D. project of Jana Mackova .

In a series of consecutive and complementary studies co-authored by Jana Mackova - three of
them already published in internationally recognized plant sciences journals and a fourth one
submitted - she presented a comprehensive, sound and solid scientific thesis. Starting from method
development she made the continuative steps employing this method to investigate cuticular
transpiration in the relevant model plants, moved further to studies in a physiological context, and
finally to investigations of ecophysiological relevance. Ms. Mackova employed an array of state of
the art methods including radio and stable isotope studies, scanning electron microscopy and
analytical chemistry.

The solid foundation for her thesis work was established by Ms Mackova developing a ground
breaking method that allowed to determine water diffusion across stomata and separate it from
cuticular water flux by manipulating the diffusivity of water in the gas phase. Interestingly she
determined a significant difference in the permeability of stomatous and astomatous cuticular sides.
In complementary control studies measuring the diffusion of radio-labelled model compounds she
determined differences depending on whether the waxes originated from the stomatous or
astomatous leaf side. Consequently she discusses the differences in permeability with the lateral
heterogeneity in cuticular surfaces.
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One of the major findings investigating the short-term and long-term effects of humidity on cuticular
permeability was that astomatous cuticles are more affected by humidity than stomatous cuticles.
These differences are competent discussed with possible differences in the degree of cuticular
hydration advantaged by stomatal transpiration. In studies investigating the effects of drought
stress induced by ABA application Ms. Mackova established a set of cuticular modifications. This
included changes in stomatal density and stomatal aperture and also in wax composition. In an
expertly discussion, the increase in carbon chain-length in analytically determined wax monomers
of Lepidium are compared with corresponding findings from the molecular genetic model plant
Arabidopsis, and suggested to be a result from activation of fatty acid elongation genes. Ms.
Mackova further proposed that this lead to an increased hydrophobicity resulting in lower cuticular
transpiration. In a very elegant way Ms. Mackova verified the ABA-induced reduction in stomatal
gas exchange by demonstrating a >C-enrichment in ABA-treated plants. The application of these
stable isotope studies on cuticular waxes from Andes tree species indicated that '>C in waxes of
stomatous leaves tens to enrich with higher altitudes. From additional morphological and
physiological attributes Ms. Mackova concluded that so far uncovered water stress is an additional
factor contributing to altitudinal distribution at the treeline.

In summary the comprehensive, multi-approach studies by Ms. Mackova provided new insights and
contributed significantly to the understanding of cuticular water transport and its ecophysiological
importance. The thesis, written in English, is presented in a cumulative form of three publications
and one manuscript. | have no doubt that the latter will be published in an internationally
recognized scientific journal as the other tree. In the thesis summary the studies are appealingly
presented and excitingly discussed with the adequate and up to date literature. Ms. Mackova also
presented a well developed, skilled outlook on the main challenges in future cuticular research and
suggested appropriate future studies for which | which Ms. Mackova will continue to work with
similar success.

The high quality of the work presented and submitted by Ms. Jana Mackova fulfils the
requirements for a Ph.D. thesis and therefore | highly recommend the award of
a Ph.D. scientific degree to Jana Mackova.

Bonn, 22.02.2010 QGTQJU i Le/
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Reviewer’s report on Jana Mackova’s thesis “The role of plant cuticle in water loss protection” for the
Committee for PhD studies in Physiology and Immunology, Faculty of Science, University of South

Bohemia.

This thesis contains results from three investigations relating to cuticular traits. Briefly, one is about
the development of a novel technique for characterising cuticular water permeability of stomatous
cuticles (Study I) and its application in a case study (Study II), one on the response of cuticular wax
composition to externally applied abscisic acid (Study III), and one on the use of the carbon isotope
discrimination “signature” retained in cuticular waxes to infer ecophysiological constraints of species
forming the treelines in the parts of the Andes (Study IV). The Candidate is the first author of Studies
IT and I1I and contributed to Studies I and I'V.

It is perhaps unavoidable that such a wide spectrum of work leaves more “loose ends” than one
focussing on a single area of research in more depth (which the area of Studies I and II certainly would
have deserved). I suppose there were funding constraints, and the broad range of experiments Jana was
involved in certainly also has its value in terms of scientific education.

I was previously involved (at the manuscript preparation stage) with Studies I, II and IV, so most of
the criticisms I might have had at some point have been dealt with. However, a few questions have

remained unresolved (to me at least), and I will be putting them again below. Study III was new to me.

Questions to the Candidate:

Study II. How is the use of the same driving force for the transport of labelled water at different
humidities (p. 55) justified? It seems to me that labelled water (from the donor) and unlabelled water
(from the receiver reservoir at high humidity) will compete for sorption at the cuticle/receiver
interface, so even though the concentrations of labelled water molecules in the donor and receiver
reservoirs, respectively, were the same at both humidities, won’t they be partially replaced in the
steady-state by unlabelled water having entered the membrane from the receiver side under high-
humidity conditions, thereby giving different gradients of labelled water concentration between the
cuticle/donor and cuticle/receiver interfaces at different humidities? I may be wrong, but the question
doesn’t seem nearly trivial enough to be left un-discussed.

Study III: The suggestion that the smaller stomata found in ABA-treated plants were faster and
somehow improved water use efficiency through enhanced kinetics of their response to environmental
changes (p. 82, 119) seems highly speculative. I have no doubt that WUE was increased in those
plants — but it always is when conductance is reduced (as will have been the case here with those high

ABA concentrations), simply because the reduction affects overall resistances for water and CO2
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transport differently. So I wonder if the Candidate had a particular reason to bring up the kinetics of
stomatal responses in this context?

Studies III & IV: I have the impression that both studies assume that the carbon isotope signature in
waxes represents a sort of time-average of isotope discrimination in newly assimilated carbon during
the lifetime of a leaf up to the point when the destructive sampling occurs. However, with regard to the
cotyledons used in Study III, it would be interesting to learn how the carbon content of the cotyledons
compares to that of “old” carbon in the seed, which will have contributed some of its carbon to the
cotyledon? And with regard to Study IV, where is the evidence in the literature of a continuous turn-
over of cuticular waxes, which seems to be implied here? Yes, waxes are degraded and lost over time,
but are they in fact also replaced by newly synthesised waxes? While epicuticular waxes can “grow
back” after having been removed (most likely by re-equilibrating with intracuticular ones), is there any
reason to assume that any carbon assimilated affer the cuticle has been laid down by the growing leaf

ever makes it into the waxes that were extracted here from older leaves?

Recommendation:

My questions notwithstanding, the science presented in the four Studies is solid. The Introduction and
Summary parts of the Thesis could have done with a little more coherence and depth, but are
satisfactory (though I’d like to mention that I strongly disagree with one point: p. 4, chapter 2.2, 4"
sentence — both the “therefore”, as the subsequent statement does not follow from the preceding ones,
and the statement itself; see my cited paper of 2006, Fig. 2).

Subject to the Candidate dealing with the points above to the exam panel’s satisfaction during the

Defence of the Thesis, I recommend it be accepted for the award of a doctoral degree.
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