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Cilem piedlozené disertaéni prace bylo studium genetické, cytogenetické a
morfologické struktury a variability rostlinnych populaci, a to s vyuzitim metod klasické
biologie, molekulérni biologie a rostlinné pritokové cytometrie. Kromé tii metodologickych
pifstupd autorka kombinuje také tfi rizné biologické objekty studia — komplex Gymnadenia
conopsea (pétiprstka Zezulnik), populace Phragmites australis (rdkos obecny) a populace
Lythrum salicaria (kyprej vrbice).

Po formalni strance je disertaéni prace velmi peclivé vypracovana. Je roz¢lenéna do
Sesti kapitol — souhrn v eském a anglickém jazyce, cile prace, uvod, zavery a seznam
publikovanych praci. Vyznamnou Cast prace piedstavuji piilohy, které sestavaji z kopii tii
publikaci, které jiz vysly v mezinarodnich védeckych &asopisech (dquatic Botany a Journal
of Biogeography), a kopii dvou publikaci odeslanych do tisku (American Journal of Botany a
Molecular Ecology). U téchto dvou publikaci je Ing. Kubatova prvni autorkou stejné jako u
publikace v Journal of Biogeography, u publikaci v &asopise Aquatic Botany je
spoluautorkou.

Literarni prehled prezentovany v kapitole Uvod je logicky strukturovany. V prvni ¢asti
podavé autorka velmi podrobnou charakteristiku viech t¥i studovanych objektt, ktera se tyka
nejen popisu a rozsiteni jednotlivych druhi, ale uvadi &tenéte i do konkrétni problematiky,
kterou se v souvislosti s uvedenym druhem zabyva. U komplexu G. conopsea ptritahuje
pozornost rostlinnych systematika, populaénich genetikii a evolucnich biologl zejména
taxonomickd a nomenklaturicka problematika a také genetickd a cytogeneticka variabilita
tohoto komplexu. U Lythrum salicaria a Phragmites australis jsou pak v popiedi zajmu
otazky tykajici se invaznosti téchto druhd, ktera je aktualni zejména v oblasti Severni
Ameriky. Popisy jednotlivych druhii jsou doplnény velmi péknymi fotografiemi. Druha cast
literarniho piehledu je vénovana jednotlivym metodam pouzitym v diserta¢ni préaci — rostlinné
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pritokové cytometrii a morfologickym a molekularnim markerim. Zajimava je zejména
konfrontace téchto dvou typd markerovych systémi, odrazejici dasty rozpor mezi
systematickymi a molekularnimi biology. Cely literarni piehled je zakon¢en velmi obsahlym
seznamem citované literatury, ktery jen potvrzuje, Ze autorka se opravdu podrobné sezndmila
se viemi aspekty studované problematiky.

Prvni okruh disertaéni prace je zaméfen na problematiku komplexu Gymnadenia
conopsea. Na zakladé rozsahlé cytometrické studie (2226 analyz) pfinasi informace o nové
objevenych ploidnich urovnich v rdmei tohoto komplexu (hexaploidi, dodekaploidi) a doklada
sympatricky rdst jedinct riznych ploidnich trovni. Skoda jen, Ze zavér prace odeslan¢ do
tisku, je spiSe jen rekapitulaci ziskanych dat a neposkytuje obecnéjsi shrnuti vysledkd,
zdtraziujici vyznam prace v $irSim kontextu a ptipadné dalsi perspektivy tohoto vyzkumu.

Druhy okruh prace je zaméfen na studium populaci Phragmites australis za pouZiti
morfologickych a genetickych markerti (RAPD, SSR, AFLP a sekvenovani cpDNA). Chtéla
bych se zeptat, zda autorka zna jesté jiné typy DNA markert, které jsou pouzivany ke studiu
vnitrodruhové diversity, a miZe podat informaci o jejich vyhodach a nevyhodach. V souhrnu
prace autorka zmifnuje sekvenovani ribosoméalni DNA jako jeden zmoznych typl
nespecifickych DNA markerti. Je mozné odvodit nespecificky DNA marker z oblasti
ribozomélni DNA bez nutnosti sekvenovani? Byl by takovyto marker vhodny pro analyzu
diverzity na vnitrodruhové trovni?

Tteti okruh prace se zabyva analyzou ploidni Grovné populaci Lythrum salicaria,
zejména sohledem na moznou souvislost s invaznim charakterem severoamerickych
populaci. V praci autorka mimo jiné zjistila, ze hexaploidni rostliny vykazovaly intenzitu
fluorescence o 2.4% nizdi, neZ by se o¢ekavalo. Jako mozné vysvétleni uvadi sniZeni velikosti
monoploidniho genomu v dusledku polyploidizace (tzv. downsizing). Byl tento jev popsan i u
jinych rostlinnych druhii a jaka mtze byt jeho molekularné-biologicka podstata?

Zaverem lze konstatovat, Ze autorce predkladané disertatni prace se podafilo
piekvapivé dobre skloubit nékolik riiznorodych témat do jednotné& plisobici prace. Nesplnilo
se pouze mé o¢ekavani, ze autorka komplexnéji propoji vSechny tfi metodické pfistupy
alespoii u jednoho ze studovanych rostlinnych objekt. Celkové vSak musim konstatovat, Ze
cile védecké pripravy byly v plném rozsahu splnény. Otazky a pfipominky uvedené v mém
posudku nemaji v Zadném piipadé zpochybriovat vysokou troven predkladané prace a
kvalitnich vysledki. V odpovédich na otazky by méla doktorandka ukazat zptsobilost vést
védeckou diskusi o fe§ené problematice. Zavérem konstatuji, ze Ing. Kubatova jednoznacné
prokdzala schopnost samostatné a tvofive fesit aktualni problémy soucasné biologie, coz
dokladd i nadpramérné vysoky pocet publikaci vzniklych v souvislosti s pfedkladanou
diserta¢ni praci. Doporuduji proto piijeti jeji disertaéni prace k obhajobg.
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PhD Thesis Review: Application of different methodological approaches
in plant population studies, by Barbora Kubatova

Reviewer: Steven Travis, PhD, Associate Professor, University of New England,
Biddeford, ME, USA

As a general synthesis, this thesis stresses the usefulness of combining certain
methodological approaches in plant population biology, as opposed to focusing on a
particular system, process, or conceptual framework. In order to illustrate this
methodological approach, three plant species are treated as model systems for
investigations ranging from systematics and biogeography to clonal reproduction and
invasiveness. One or more focused investigations are presented for each species, either
in manuscript form or as published papers.

Overall, the synthesis presented at the beginning of the thesis is very thorough, and
demonstrates an impressive depth of understanding on both the population biology of the
focal species and the morphological, cytological, and molecular methods utilized in the
various investigations. The papers and manuscripts presented are of sufficient quality for
publication in peer-reviewed journals that are international in scope. Thus, I accept the
work presented in this thesis as being of sufficient depth and quality for the
granting of the PhD degree, and consider it ready for defense.

I have one major concern regarding this thesis, which pertains to the final investigation of
Phragmites australis to be presented. In my opinion, this paper does not present a
sufficient quantity of new data, nor does it present sufficiently novel findings, to warrant
publication on its own. The first two P. australis papers to be presented in the thesis
(Curn et al. 2007 and Kiivackova-Sucha et al. 2007) demonstrated quite clearly that
morphology does not accurately reflect clonal structure in the two lakes surveyed. The
only substantial improvement of the final manuscript over the previous two involves the
addition of SSR data, which allows a few additional clones to be distinguished. The
cpDNA and FCM results presented in this manuscript do not provide any sort of
discriminatory power, and the AFLP data simply provide a finer level of detail in
assessing the relationships among clones, although there may be some serious issues with
these data that have not been adequately considered (see below). I feel that this paper, or
portions of it, should remain in the thesis, but I certainly question whether it warrants
publication in a separate journal.

Specific comments related to each of the (unpublished) sections presented in this thesis
appear below:

Background section on Gynnadenia conopsea:
If G. conopsea conopsea and G. conopsea densiflora are the only subspecies in the

complex, as implied by the species description, why is G. c. borealis included in the
taxonomy section?



The last sentence of the first paragraph of section 1.2.3 is a bit confusing. Is the
conclusion that four cpDNA haplotypes of G. conopsea also differed in terms of one or
more microsatellite loci? If so, how many microsat loci were used? Did allelic variation
perfectly align with cpDNA variation or was it only partially consistent?

Did the work of Dworschak include genetic markers, as is implied by its mention in the
genetics section?

The description of Gustafsson and Lonn’s work at the top of page 17 is confusing in the
sense that early- and late- flowering variants of G. conopsea are apparently being
compared to G. densiflora and G. odoratissima, whereas the only discussion of variation
in flowering times prior to this has been between the subspecies G. ¢ conopsea and G. c.
densiflora rather than within one of the subspecies.

It’s not clear why G. c. alpina is being mentioned in the midst of a description of
karyology when there is no mention of its chromosome number.

Manuscript on Gynnadenia conopsea:

It would seem appropriate to mention in the Introduction how different ploidy numbers
have tended to correlate with taxonomic distinctions in the species complex prior to
undertaking the current investigation.

Some justification should be given for restricting the geographic extent of the study
mostly to the Czech Republic and Slovakia. What portion of the overall range of G.
conopsea does this region represent? What range of the cytotypic variation? What range
of the ecological variation? What range of the morphological variation?

Was sampling within sites strictly randomized or simply haphazard? Was there any
minimum or maximum spacing between samples?

On what basis were taxa distinguished in the field?

Were plants mixed for flow cytometry based on their proximity in the field? This would
seem to be the most efficient strategy, but it could use some clarification.

The number of plants that actually had their chromosomes counted should be stated in the
Methods.

Some clarification of the method by which ratios were used in the PCA analysis seems
warranted. Was it the ratio of each peak to the smallest peak observed within the
corresponding histogram, or the smallest peak observed for all samples of the
corresponding species?



It completely escapes me why multiple peaks were observed for most samples. Is this
because the nuclei from multiple samples were bulked? Or were multiple peaks observed
even when only a single plant was analyzed? Why would this occur?

Peaks i, 1, 11, and III should be identified in Fig. 1. Also, it might be better to label C as
G. conopsea, rather than G. montana, since there’s little mention of G. montana
elsewhere in the manuscript.

Without knowing how Cx values are calculated, I have no frame of reference for
interpreting them, but is seems like the different ploidy levels characteristic of G.
conopsea would either exhibit identical Cx values or values that increase incrementally.
Neither seems to be the case judging from Fig. 3.

The second-to-last paragraph in the section on ploidy variation should be clear in its
focus exclusively on G. conopsea. The last paragraph mostly rehashes issues discussed
in the Introduction and never relates back to the current findings, and so could easily be
omitted.

There needs to be some explanation of what the stippled polygons represent in Fig. 4.

The final paragraph on chromosome counts should confirm the agreement between
karyotyping and FCM activities.

Background section on Phragmites australis.

In section 1.3.2, in reference to the distribution of P. australis, its occurrence in America
should be clarified as either North America, South America, North and South America, or
simply the Americas. Also, at the end of the second paragraph it seems a bit redundant to
say that P. australis occurs in all eastern states and then in the next sentence to state that
it occurs in all states but Alaska and Hawail.

Note that there is a researcher at the University of Rhode Island who has been developing
microsatellites for Phrag, and who claims to have observed hybrids between North
American and European strains.

I am a little uncomfortable with the use of the phrase “phenotypic plasticity” at the
bottom of page 25, since the more important issue from the standpoint of population
persistence would be that adaptive genetic variation would be lacking in a population
consisting of a small number of clones.

There seems to be something of a contradiction in the first full paragraph on page 27
where first it is stated that multiple clones distributed along a shoreline may be associated
with declining reed populations, but then it is later stated that where multiple clones exist,
only clonal diversity will decline, while the overall population is relatively unaffected.

Manuscript on Phragmites australis:



Because the field sampling protocol is such a critical element in the design of this study,
some detail should be given in the methods beyond merely citing an earlier paper.

The amount of detail used in describing the molecular protocols seems excessive. Unless
there were specific details of each protocol that were modified from the references cited,
it should be sufficient to simply cite these references and give a list of the specific
primers used (Note that Travis and Whester (1995) should be Travis and Hester (2005)).

It would seem appropriate to state in the RAPD @nalyses section of your Results that
these results have been reported elsewhere (i.e., Curn et al. 2007).

In the second paragraph of the Results section on SSR Analyses, as well as in Table 1
(and portions of Table 2), use of the phrase “possible band positions” is confusing —
better to simply use “alleles.” Also, it’s not clear what the MAX and MIN rows represent
in Table 1 (although they are defined by a footnote in Table 2). Finally, it might be
beneficial to note somewhere in Table 1 that the clones were tetraploid, thus explaining
why more than 2 alleles were observed in some individuals.

I am particularly concerned about the validity of the AFLP results, having run (and
published — Howard et al. 2008) AFLP’s on P. australis using some of the very same
primer combinations reported here. 1 have found there to be no more than 50-60 scorable
markers per primer combination in . australis, and have rarely seen more than about 100
scorable AFLP markers per primer combination for any of the numerous plant and animal
species with which I have used the AFLP technique. Certainly there are more fragments
observable per individual than I actually score —1 take a conservative approach and do
not score any loci that are difficult to resolve — but given that resolvable AFLP fragments
only range over 350-400 bp’s, the numbers of markers you have reported would seem to
indicate a fragment at virtually every possible position, and this brings into question the
potential for loci to exhibit substantial overlap in size, which would tend to result in
frequent scoring errors. Also, if you are trying to discriminate among clones using
AFLP’s, there is a real drawback to using a large number of AFLP markers because they
mutate so rapidly. The more markers you use, the more likely you are to encounter a
somatic mutation that might mislead you into thinking one clone is actually two (for a
detailed discussion of this issue, see Douhovnikoff, V., & Dodd, R. S. 2003. Intra-clonal
variation and a similarity threshold for identification of clones: application to Salix
exigua using AFLP molecular markers. Theoretical and Applied Genetics 106:1307-
1315). Your PcoA results seems to indicate that virtually every sample represents a
distinct clone, but I doubt this is the case, and would conclude, rather, that you are either
including too many markers in your analysis or that you are including a number of
unreliable markers. Including such markers would not necessarily detract from your
ability to discriminate among sites if they are sufficiently genetically differentiated, but it
will certainly mislead you in terms of the numbers of clones within sites.

There is really no reason to separate the AFLP results by primer combination in Fig. 2. A
combined analysis would be more powerful and informative.



There may be an error in the final sentence of the AFLP analysis results. This sentence
states that the Opatovicky site appeared genetically more compact than Halamky, but
given that the green circles in Fig 3B are indicated as Opatovicky, it appears that
Halamky is definitely more compact.

Your SSR markers were clearly weaker than your RAPD markers at distinguishing
among clones, yet you seem at times to be drawing the opposite conclusion in your
results. For example, based on Fig. 1, it looks as though RAPD’s actually revealed about
twice the clonal diversity as SSR’s, and at Halamky the SSR’s only distinguished 7
clones whereas your RAPD markers distinguished 18. Thus, the primary utility of the
SSR’s would seem to be in identifying a few additional clones that the RAPD’s missed,
such as the two additional clones identified at Opatovicky. This point should be stressed,
rather than making too much of the SSR results by themselves. Also, some of the
numbers in Table 3 do not seem to make sense. For example, how could the combined
RAPD and SSR markers indicate that 3 monoclonal stands existed at Opatovicky when
the RAPD markers alone had already indicated that only 2 monoclonal stands existed?

It’s not clear how morphology could have been used to further distinguish among clones
beyond the level of discrimination already provided by the molecular markers. Does the
use of morphology mean that two stems that were genetically identical but that looked
different were actually concluded to be representative of two different clones?

Table 4 is never referenced in the text of the paper.

The first paragraph of the discussion would be more appropriate (in a shortened version)
to the introduction, since it is not directly related, either explicitly or implicitly, to the
results of the current study. The second paragraph is more appropriate to the discussion,
but it too suffers from a lack of proper context. The discussion should focus on the
current finds, their relationship with previous work, and how they add to our overall
understanding of the topic at hand. As it stands, there is not the merest mention of the
current findings in the results.

Background section on Lythrum salicaria:

It’s not clear what the two mechanisms for the spread of invasive species mentioned at
the beginning the first full paragraph of page 31 are. Arethey? 1) the evolution of
invasive properties in sifu, or 2) the acquisition of invasive properties through genetic
mixing as a consequence of multiple introductions.

Methods in Plant Population Biology section:

Take care on page 45 not to confuse neutral molecular marker loci with functional genes,
since marker-based studies rely mostly on the former.



On page 48, it’s not clear in the statement about the assumption of equilibrium in
estimating of population parameters using AFLP’s, exactly what sort of equilibrium is
being referred to. This should be clarified.

On page 53, it seems that the emphasis is on qualitative rather than quantitative
characters at this point, yet most systematics studies based on morphology have certainly
focused on quantitative characters.
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OPONENTSKYPOSUDEK
na doktorskou disertaéni praci Barbory Kubéatové

Application of different methodological approaches in plant population studies

Predlozena prace je zaloZena na analyze variability populaci rostlin prittokovou cytometrii a aplikaci
molekularnich markeri pro feSeni taxonomickych a populaéné genetickych otazek. Tyto moderni
postupy jsou kombinovény s klasickou morfologickou analyzou rostlin.

Préce je ¢lenéna do 6 kapitol, z nichz prvni — Abstrakt — je psana Cesky, ostatni anglicky. Po kratkych
kapitolach (Cesky abstrakt, angl. souhrn a cile prace) je ¢tenaf v rozsahlé avodni kapitole 4 (67 stran)
seznamen s charakteristikou studovanych druhti ¢i druhovych komplext véetné soucasnych znalosti
jejich populaéni biologie. Déle se dozvi diivody a motivaci autorky pro jejich studium. U druhového
komplexu chranéné a ohrozené orchideje Gymnadenia conopsea (pétiprstka Zezulik) byly hlavni
motivaci taxonomické problémy, naopak u dvou invaznich moktadnich druhti, kypreje vrbice Lythrum
salicaria a rakosu Phragmites australis, problematika genetické struktury populaci. V této kapitole
jsou téz detailné popsany pouzité metodické postupy a kriticky zhodnocen jejich potenciél k feSeni
vySe uvedenych otédzek a problémi. Celd Gvodni &4st je zpracovana prehledné a ¢tivé a je cennym
spisem pro kazdého, kdo by se chtél podobnou problematikou zabyvat u jinych druhii rostlin. Jako
védecky pracovnik zahledény do hmyzu a majici nepatrné znalosti o rostlindch musim vyzdvihnout
srozumitelnost, jakym autorka tuto ¢ast sepsala. K této ¢asti prace mam nasledujici dotazy.

(1) K podkapitole 2.2.2. 0 odhadu velikosti genomu (str. 40-41): autorka uvadi, Ze velikost genomu u
rostlin koreluje s fadou morfologickych, fenologickych i ekologickych znakid. Z klasickych studii u
Zivocichi je znama korelace s zivotnimi strategiemi, konkrétné tzv. r-stratégové maji zpravidla malém
genomy, k-stratégové velké genomy. Je tomu tak i u rostlin? A jak je tomu u rostlin s variabilitou ve
velikosti genome mezi ¢i dokonce uvnitt populaci? Lez i tam najit podobné korelace?

(2) K podkapitole 2.3.2.2. o dominantnich DNA markerech (str. 47-48): jaké je vyuziti AFLP markert
pro populaéni genetiku rostlin? U hmyzu se ukazuje, Ze sice AFLP poskytuji rychle velké mnozstvi
spolehlivych markerd, jejich interpretace pro potieby populaéni genetiky je vSak komplikovand. Proto
se v soucasné dobé vyuzivaji predevsim ke konstrukci vazebnych/chromosomélnich map.

(3) K podkapitole 2.3.2.1. 0 kodominantnich markerech (str. 49-51): zarazila m¢ informace, ze nizkd
variabilita sekvenci chloroplastové DNA je kromé jiného pfi¢itdna niz8i mutaéni rychlosti (u mtDNA
se naopak uvadi vy$i muta¢ni rychlost diky niz3i efektivit& reparatnich mechanismi). Cim si autorka
vysvétluje niz81 mutacni rychlost u chloroplastové DNA?

V kapitole 5 jsou shrnuty hlavni z&véry jednotlivych studii, tj. zdvéry rukopist a publikaci uvedenych
v nasledujici kapitole 6. Tyto zavéry jsou sepsany netradi¢nim, ale velmi pfehlednym zptsobem.
Autorka uvadi otazky, které si s kolektivem spoluautorti polozila na pocatku kazdé prace a ke kazdé
otazce odpovéd, ziskana provedenymi experimenty. Z téchto odpovédi vyplyvd, ze (i) autorka splnila
vytéené cile a ze (ii) studie, které provedla ¢i na kterych se podilela pfinesly fadu origindlnich a
cennych poznatki ziskanych z velkych a reprezentativnich soubort dat.

Hlavni ¢ast disertace, kapitola 6, je souborem 2 rukopisii postoupenych do tisku a 3 praci
publikovanych v renomovanych mezindrodnich Casopisech. Vzhledem k tomu, ze prosly &i praveé
prochéazeji naroénym oponentskym fizeni daleko kvalifikovanéjSich odbornik na danou problematiku
nez jsem jd, omezim svoje vyjadieni k publikacim pouze na n€které doplitkové dotazy.



K publikaci 1. Kubitova, Travnicek, Curn, Suda (2008) Amer. J. Botany (subm.).

(4) Zajimalo by mé&, jak si autorka vysvétluje nizké zastoupeni hexapolyploidi v populacich
pétiprstky zezuliku (pouze 1,3%) ve srovnani s vysokym podilem oktopolyploidii (37.8%)?

K publikaci 2.  Curn, Kubatova, Vaviov4, Sucha, Cizkova (2007) Aquatic Botany 86: 321-330.

(5) Vzorky pro analyzu populaci rékosu z Opatovického rybnika (star$i populace) a piskovny u
Haldmek (mladsi populace) byly odebirany jen v jednom roce, 2003. Domnivam se, Ze piskovna neni
ziejmé nijak udrzovana, avsak Opatovicky rybnik podléha pravidelnému rybaiskému managementu,
ktery miZe predstavovat relativné velky zasah do populace rakosu. Nemohou byt vysledky tzv. star$i
populace v rybniku zkresleny témito zasahy? A existuji né&jaka srovnavaci data populaci rékosu u
rybnikd pred a po vypusténi?

K publikaci 3. Suché, Vaviova, Cizkové, Curn, Kubitovi (2007) Aquatic Botany 86: 361-368.

(6) V diskusi autofi zmifiuji nepublikované udaje, dle kterych byly viechny morfotypy rakosu z vyse
uvedenych lokalit tetraploidni. Z této kratké zminky mi neni jasnd motivace ovéfovani ploidie. Je
rakos pfirozeny tetraploid nebo je v literatufe popsana variabilita v ploidii?

K publikaci 4. Kubatova, Curn (2008) Mol. Ecol. (subm.).

(7) Tato studie je evidentn¢ jakymsi metodickym vrcholem predlozené disertani préce, nebot pro
srovnani vyse uvedenych populaci rakosu kombinuje viechny metody uvedené v ivodu disertace.
Zaujal mé jeden ze zavérQ, konkrétné absence korelace mezi morfologickou variabilitou a variabilitou
zjisténou pomoci nékolika typtt DNA markerd. Co je tedy hlavni pfi¢inou morfologické variability?
Stanovisté?

K publikaci 5. Kubatova, Travnitek, Bastlova, Curn, Jarolimova, Suda (2008) J. Biogeography
35:167-176.

(8) U vysledkii méfeni obsahu DNA kypreje vrbice, ze hodnoty pro 3n a 4n rostliny odpovidaji témef
piesné odpovidajicim nasobkim hodnoty pro 2n rostliny, coz mimochodem ukazuje na velkou
preciznost pii provadéni méfenim, u hexaploidnich rostlin je viak patrnd odchylka. Cim si tuto
odchylku vysvétlujete? A byly podobné odchylky pozorovany i u jinych ,,viceploidnich rostlin*?

Zavér: Piedlozena disertatni prace je minimdln€ v CR prikopnickym dilem, které demonstruje
piinos zavadéni molekularné-genetickych a cytometrickych metod pro feSeni taxonomickych,
ekologickych a popula¢né-biologickych otazek a pFina$i nové obecné poznatky o genetické
struktufe populaci rostlin. Autorka prokazala velké tvirci schopnosti, které se projevily nejen
ve formulaci vyzkumnych otdzek, ale zejména v zavadéni metodickych postupt, s jejichZ
pomoci Ize tyto otazky zodpovédét. Prace spliiuje véechny pozadavky kladené na doktorskou
disertagni praci a doporuduji ji k obhajobé&.
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FrantiSek Marec

V Ceskych Bud&jovicich, 6. &ervna 2008



