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Anotacia (vratane ciela)

Fylogeneticky mladé a druhovo bohaté rody cievnatych rastlin su zaujimavé z hladiska poznavania ich
evollcie a rieSenia taxondmie. Ich charakteristickymi ¢rtami su velka diverzita ale zdroven malo vyrazna
Struktira a nedostatocné fylogenetické rozliSenie, ¢o je v mnohych pripadoch dosledok rychlej radiacie.
Retikuladcia (introgresia, hybridizacia, polyploidizacia) zohrava v evolucii takychto skupin tiez vyznamnd,
¢asto az dominantnu rolu. Fylogenomické analyzy divorastucich polyploidnych a hybridnych organizmov
boli doposial v Uzadi, najma kvoli zlozZitosti retikuldatnych evolucnych procesov, ako aj kvéli metodickym
a vypoctovym obmedzeniam. Rozvoj NGS technik, analytickych metdd a bioinformatickych nastrojov na
detekciu hybridizacie a polyploidizacnych udalosti otvara v sicasnosti nové moznosti a perspektivy. Téma
dizertacénej prace ma nasledovat tento sucasny pokrok, ¢o sa bude odrazat na jej zamerani a metodickom
pristupe. Praca bude venovana dvom pribuznym komplexom druhov v rode Erysimum (E. odoratum a E.
virgatum skupiny), ktoré predstavuju velmi dobré objekty na studium procesov nedavnej divergencie ako aj
retikulatnej evollcie. Erysimum je taxonomicky a evolucne zloZity rod, co spOsobili viaceré faktory, najma
jeho neddavna arychla radidcia, velka karyologicka variabilita, pocetné zastUpenie polyploidov, existencia
kryptickych druhov, ako aj medzidruhova hybridizacia. Ciefom prace bude objasnit fylogenetické vztahy
v $tudovanych komplexoch, ohranicit jednotlivé druhy, rekonstruovat vztahy a pévod réznych cytotypov a
polyploidov, zistit mieru odlisnosti polyploidnych genémov a sledovat ich evoliciu. Bude sa skimat ktoré
speciacné mechanizmy sa podielali na evolucii Studovanych druhovych komplexov, s dérazom na vplyv
ekologickej diverzifikacie, oomedzeného génového toku v désledku geografickej izolacie, chromozdémovych
prestavieb, polyploidizacnych a hybridiza¢nych udalosti. Na toto Stidium sa vyuZije integrativny metodicky
pristup, ktory kombinuje viaceré metddy, najma fylogenomické a cytogenomické metddy, cytometrické,
morfometrické a ekologické analyzy.

Annotation (including the aim of thesis)

Recently diverged and species-rich vascular plant genera are interesting objects of study with regard to
their evolution and taxonomy. High diversity together with shallow structure, low resolution and
phylogenetic incongruence have been characteristic for such lineages, in many cases attributable to rapid
radiations. Reticulation events (introgression, hybridization, polyploidization), however, have also played a
significant, perhaps even predominant role in their evolution. Phylogenomic analyses of wild (non-model)
polyploid and hybridogenous lineages have lagged behind until recently, mainly caused by their
evolutionary complexity, methodological and computational difficulties. However, recent advances in high-
throughput DNA sequencing and in analytical methods to detect hybridization and resolve polyploidization
events, offer new possibilities and perspectives in such studies. The PhD thesis should follow these recent
advances, which will be reflected both in the research focus and the proposed methodology. It will address
two related species complexes of the genus Erysimum (E. odoratum and E. virgatum groups), which provide
excellent resources for studying both recent divergence and reticulate evolution. The genus is
taxonomically and evolutionarily complex, which stems from multiple factors, such as recent and rapid
radiation, high chromosome number diversity, abundance of polyploids, presence of cryptic species, as well
as interspecific hybridization. The aims of the thesis will be to resolve phylogenetic relationships in the
studied species groups, revise species circumscriptions, reconstruct relationships and origin of multiple
cytotypes and polyploids, and examine genome divergence and evolution in polyploid lineages. Speciation



mechanisms that have triggered their diversification will be explored, focusing on the role of ecological
divergence, gene flow barriers due to geographic isolation, chromosomal rearrangements, polyploidization
and hybridization events. An integrative methodological approach will be taken, which will combine
phylogenomic methods, cytogenomic, cytometric, morphometric and ecological niche analyses.

Navrhované metodické postupy (slovensky/anglicky):

- zber populacnych vzoriek v Eurdpe, najma v strednej Eurdpe (Karpaty, Alpy) a na Balkanskom polostrove

- prietokova cytometria (stanovenie ploidie a relativnej velkosti jadrového genému)

- cytogenomické analyzy (GISH, ‘comparative chromosome painting’), v spolupraci s CEITEC pracoviskom v
Brne

- metddy sekvenovania novej generdcie (na lllumina platforme) - Hyb-Seq: metdda kombinujlca cielené
obohatenie nizkoképiovych génov a sekvenovanie celého gendmu s nizkym pokrytim, ¢im sa ziskaju
sekvencie zo stoviek nizkokdpiovych génov a €ast gendmu pritomna v mnohych kdpiach (cpDNA, rDNA);
RADseq: sekvenovanie DNA v oblasti restrikénych miest. Obe metddy su na pracovisku UspesSne vyuZivané.

- analyza a modelovanie ekologickych nik

- multivariaéné morfometrické metddy

- population sampling in Europe, mainly Central Europe (Carpathians, Alps) and Balkan Peninsula

- flow cytometric screening of ploidy levels and relative genome size variation

- cytogenomic analyses (GISH, comparative chromosome painting), in cooperation with CEITEC in Brno

- high-throughput sequencing with lllumina — Hyb-Seq: Hybrid enrichment (sequence capture) combined
with genome skimming, capturing hundreds of low-copy nuclear genes and high-copy genomic fractions
(coDNA, rDNA); RADseq: restriction site-associated DNA sequencing. Both methods are successfully applied
at the Institute.

- ecological niche analyses and modelling

- multivariate morphometric analyses

Dostupné alebo planované zdroje financovania:

APVV-21-0044

Retikulatna alebo divergentna evoldcia? Objasnenie procesov, ktoré stoja za velkou druhovou bohatostou a
endemizmom v rodoch ¢elade Brassicaceae.

Reticulate or divergent evolution? Resolving processes behind the high species richness and endemism in
Brassicaceae genera)
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