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(max. 20 riadkov)
Projekt bol zamerany na mikroevolu¢né a speciacné procesy v diploidno-polyploidnych
komplexoch patriacich do ¢elade Brassicaceae, konkrétne v rodoch Alyssum, Arabidopsis,
Cardamine and Odontarrhena.
Zistili sme, ze polyploidné cytotypy v polyploidnom komplexe Cardamine pratensis vznikli
jednorazovymi, ako aj polytopickymi polyploidizaénymi udalostami. Prikladom z tohto
komplexu je tetraploidny druh C. majovskyi, ktory vznikol najmenej dvakrat v réznych
Castiach arealu autopolyploidizaciou genédmu diploidného druhu C. matthioli. Rozsiahla
geneticka variabilita a tiez variabilita vo vefkosti genému druhu C. rivularis odraza
diferenciaciu spdsobenu geografickou izolaciou disjunktnych populacii, vznikom triploidov
rézneho pévodu a hybridizaciou so sympatrickym druhom C. matthioli. Geograficky
Struktirovanu geneticku variabilitu skimanych druhov komplexu Cardamine pratensis, ktora
je sprevadzana rozdielmiv ekologickych nikach, pripisujeme izolacii ich zdrojovych populacii
vo viacerych glacialnych refugiach, po ktorej nasledovalo postglacialne Sirenie.
Pri analyze pdévodu endemického druhu C. barbaraeoides sme navrhli a prezentovali novy a
efektivny postup analyzy sekvenacnych dat ziskanych z polyploidnych genémov, ktory
umoznuje automaticky roztriedit’ jednotlivé alely velkého poCtu génov do homeologov, t.j.
kopii pochadzajucich od rdznych rodi€ov, a tym vyriesit’ ich pévod. Fylogenetickou analyzou
tychto dat, doplnenou o cytogenetické vysledky, sme objasnili pévod Studovaného
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tetraploida a tiez vyriesili vztahy medzi dalSimi pribuznymi diploidnymi druhmi. Poukazali
sme na vyznamnu ulohu balkanskych pohori, ktoré predstavuju dolezité centra biodiverzity,
kedZe sluzili ako glacialne refugia a zarovern aj kontaktné uzemia, kde dochadzalo k
medzidruhovému génovému toku a vzniku novych polyploidnych druhov.

Analyza Siroko chapaného druhu Alyssum repens ukazala, Ze hoci geneticka variabilita a
alopatrické rozSirenie hovori v prospech taxonomického roz€lenenia druhu, genetické linie
nie su dostatocne morfologicky rozliSitelné a len Ciastone saliSia v ekoldgii, ploidnom
stupni a velkosti gendmu. Aj ked sme zrejme svedkami za€inajucej speciacie, navrhujeme
drzat’ sa su€asného taxonomického konceptu A. repens ako celistvého, hoci variabilného
druhu.

Zistili sme, Ze po predpokladanom monofyletickom vzniku tetraploidov komplexu
Arabidopsis arenosa zo zapadokarpatskej diploidnej linie sa tetraploidy rozsirili do skoro
celej Europy a diverzifikovali sa do Styroch dalSich linii. Ked sme porovnavali klimatické niky
alopatrickych tetraploidnych linii k rodi¢ovskej diploidnej linii, vysledky saznacne liSili medzi
liniami. Zatial' Co tetraploidy z JV Karpat vykazovali zna¢nu kontrakciu niky, alpska,
ruderalna a stredoeurdpska linia mali vyrazne SirSiu niku v porovnani s rodi¢ovskou
diploidnou liniou. Okrem toho, ked sme porovnavali klimatické niky jednotlivych
tetraploidnych linii k tetraploidnej linii, ktora sa vyskytuje v Zapadnych Karpatoch (mieste
vzniku tetraploidov), tiez sme zaznamenali vyraznu diferenciaciu, ¢o naznacuje
pozoruhodny post-polyploidizacny vyvoj klimatickych nik tetraploidnych linii. Va¢sina z nich
zazila nejaké rozsirenie niky v porovnani so zapadokarpatskou liniou, pri€¢om kolonizovali
Uzemia s rdznymi klimatickymi podmienkami. Tieto vysledky dokazuju, Ze posun
klimatickych nik nie je spbésobeny polyploidizaciou v A. arenosa per se, ale odraza skor
dynamiku post polyploidizacnej evolucie v druhu, zahffajucu migraciu tetraploidov a
potencialne dalSie interakcie tetraploidov s inymi diploidnymi liniami.

V priebehu rieSenia projektu sme tiez vytvorili programovy balik MorphoTools2, ktory je
urCeny na multivariacné analyzy morfologickych dat v prostredi R. Programy v R na viaceré
analyzy bezne pouzivané v multivariacnej morfometrike bud chybali alebo boli rozptylené vo
viacerych R balikoch. Novy balik umozriuje pohodiny a rychly pracovny postup, obsahuje
pocCetné Statistické a grafické nastroje, poskytuje komplexny ramec pre kontrolu a
manipulaciu so vstupnymi udajmi, zakladné Statistické analyzy a Siroku paletu funkcii
navrhnutych na vizualizaciu vysledkov.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The project was focused on microevolutionary and speciation processes in diploid-polyploid
complexes belonging to the Brassicaceae family, specifically in the genera Alyssum,
Arabidopsis, Cardamine and Odontarrhena.

We found that the polyploid cytotypes in the polyploid complex Cardamine pratensis arose
from single as well as polytopic polyploidization events. An example from this complex is the
tetraploid species C. majovskyi, which arose at least twice in different parts of the area by
autopolyploidization of the genome of the diploid species C. matthioli. The extensive genetic
variability and also the variability in the genome size of C. rivularis reflects the differentiation
caused by the geographical isolation of disjoint populations, the emergence of triploids of
different origins and hybridization with the sympatric diploid species C. matthioli. We
attribute the geographically structured genetic variability of the examined species of the
Cardamine pratensis complex, which is accompanied by differences in ecological niches, to
the isolation of their source populations in several glacial refugia, followed by postglacial
spread.

When analyzing the origin of the endemic species C. barbaraeoides, we proposed and
presented a new and efficient procedure for analyzing sequencing data obtained from
polyploid genomes, which allows to automatically sort individual alleles of a large number of
genes into homeologs, i.e. copies coming from different parents, and resolve their origins.
By phylogenetic analysis of these data, supplemented by cytogenetic results, we clarified
the origin of the studied tetraploid and also solved the relationships between other related
diploid species. We pointed out the importance of the Balkan mountains, which represent
important centres of biodiversity, as they served as glacial refugia and at the same time
contact areas where interspecies gene flow and the emergence of new polyploid species
took place.

Formular ZK, strana 3/4



The analysis of the widely circumscribed species Alyssum repens showed that although the
genetic variability and allopatric distribution speaks in favour of the taxonomic division of the
species, the genetic lines are not morphologically distinguishable enough and only partially
differ in ecology, ploidy level and genome size. Although we are probably witnessing
incipient speciation, we propose to stick to the current taxonomic concept of A. repens as a
single, albeit variable, species.

We found that after the presumed monophyletic origin of the tetraploids of the Arabidopsis
arenosa complex from the Western Carpathian diploid lineage, the tetraploids spreadto
almost all of Europe and diversified into four other lineages. When we compared the climatic
niches of the allopatric tetraploid lineages to the parental diploid lineage, the results differed
considerably between the lineages. While the tetraploids from the SE Carpathians showed
considerable niche contraction, the Alpine, ruderal and Central European lineages had a
significantly wider niche compared to the parental diploid lineage. In addition, when we
compared the climatic niches of individual tetraploid lineages to the tetraploid lineage that
occurs in the Western Carpathians (place of origin of tetraploids), we also noted a significant
differentiation, which indicates a remarkable post-polyploidization development of climatic
niches of tetraploid lineages. Most of them experienced some niche expansion compared to
the West Carpathian lineage, colonizing territories with different climatic conditions. These
results demonstrate that the climatic niche shift is not due to polyploidization in A. arenosa
per se, but rather reflects the dynamics of post-polyploidization evolution in the species,
involving migration of tetraploids and potentially further interactions of tetraploids with other
diploid lineages.

In the course of the project, we also created the MorphoTools2 program package, which is
intended for multivariate analyzes of morphological data in the R environment. Programs in
R for multiple analyzes commonly used in multivariate morphometrics were either missing or
scattered in several R packages. The new package enables a convenient and fast workflow,
contains numerous statistical and graphical tools, provides a comprehensive framework for
control and manipulation of input data, basic statistical analyzes and a wide range of
functions designed to visualize results.
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