Tribus Hieraciinae

internal transcribed spacer




Tribus Hieraciinae

Results
Chloroplast markers revealed the existence of two divergent haplotype
groups within the subgenus Pilosella that did not correspond to presumed
relationships. Furthermore, chloroplast haplotypes of the genera
Hispidella and Andryala nested each within one of these groups.

In contrast, ITS data were generally in accord with morphology and other
evidence and were therefore assumed to reflect the true phylogeny. They
revealed a sister relationship between Pilosella and Hispidella and a joint
clade of Hieracium subgenera Hieracium and Chionoracium (Stenotheca)
while genus Andryala represented a third major lineage of the final
ingroup cluster.

Conclusions
Pilosella should be treated as a separate genus, American species of
Chionoracium should be a part of Hieracium s.str.



Hieracium

zakladni charakteristiky

vytrvalé byliny
650 — 8000 druhu

mirné pasmo Evropy, Asie, Severni Amerika, pohofi stfedni
a Jizni Ameriky

hlavni centra diverzity v evropskych pohorich a pohofich
stfedni a Jizni Ameriky

malo diploidnich druhu, vétSina polyploidi (tri- a tetraploidi,
vzacné pentaploidi)

vazba reprodukéniho zpusobu a plodie — diploidi vyhradné
sexualni, polyploidi apomikii



Hieracium

priciny variability

rozsahla hybridizace na diploidni Grovni v minulosti
polyploidni speciace
fixace genotypu pomoci apomixe

omezene krizeni v soucasnosti



Hieracium

Hlavni cile a otazky

1) Objasnit fylogenetické vztahy
2) Zjistit hlavni evolu¢ni mechanismy, reprodukéni mechanismy

3) Posoudit rozsah a evolu¢ni vyznam hybridizace v minulosti |
soucasnosti

4) Prispét k poznani faktorll a mechanismu zpusobujicich pfechod
k apomiktickému zpusobu rozmnozovani
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Nizka variabilita

Hieracium s.str./Chionoracium
monofyleticka skupina
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Chrtek et al. 2009, Ann Bot — London 104: 161-178



Chionoracium

Neni monofyleticka

Odvozené od Vychodni
skupiny

Vicenasobny vznik/kolonizace
Ameriky (mozni obé cesty)

skupina
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group Fehrer et al. 2009, BMC Evol Biol 9: 239
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Fylogeneze shrnuti

® Fylogeneze
® ETS — nejlepSi rekonstrukce vztahd mezi taxony
® vysoka intraindividualni variabilita
® low-copy geny — informace o puvodu konkrétnich taxonu

® rizné markery — incongruence vysledku
® Chionoracium

® pochazi z ‘Vychodni’ skupiny
® Hybridizace

® ve vySSi mirfe nez se cekalo

® i néktefi diploidi jsou hybridniho puvodu



Mame fylogenezi, a co dal...? Hlavni evoluCni
mechanismy

Hybridizace — urcité driv, ale jak v souCasnosti kdyz je diploidu tak malo...? A
mohou se na kfizeni néjak podilet i vysSi apomiktické ploidie kdyz obcCas tvori
zivotaschopny pyl (testy TTC, fluorescein, Alexandrovo barveni)

Polyploidni speciace — urcité

Alopatricka diferenciace/speciace — nejspis jo




Mame fylogenezi, a co dal...”? Hlavni evolucni
mechanismy
Krizeni mezi diploidnimi druhy

A podarilo se nam ziskat i dalsi
hybridy, napf. mezi H. prenathoides
a H. intybaceum, vzdy ale diploidni
a nepodarilo se nam je
polyploidizovat

V prirodé dale napr. hybridi mezi H.
alpinum a H. umbellatum, a asi i
mezi diploidnimi pyrenejskymi druhy

Mohou se ale kfizit i pyl produkujici
tetraploidi s diploidy (napf.
tetraploidni apomikt H. decipiens s
diploidnim H. alpinum). Obracené to
nejde — precocious embryony.

Hieracium alpinum (A, 2x), H. krasvanii (B,
2X) a H. transylvanicum (C, 2x) z Cerné hory
na Podkarpatska Rusi



Jak ale pozname rodiCe u hybridogennich typu?
- vétSinou to nejde kfizenim, rodiCovské druhy jsou vétSinou apomikii

- zbyvaji molekularni markery nebo cytogenetika

Hieracium alpinum (2n =
18), H. intybaceum (2n =
18) a hybridigenni H.
halleri (2n = 27), FISH,
GISH

H. alpinum

H. intybaceum




H. pallidiflorum H. picroides
D

H. intybaceum 4x H. prenanthoides 3x
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Mapping of chromosomes with genus-specific satDNA elements
derived from next-generation sequencing data

Background and aims

The highly repetitive DNA fraction of the eukaryotic genome is considered a
mobile, rapidly changing entity, thus reflecting trajectories of short-term
evolutionary change. It consists of several large classes in which transposable
elements and satellite DNA (satDNA) predominate.

Here, we applied satDNA repeatome elements derived from NGS data as
probes for fluorescence in situ hybridization to characterize the karyotypes of
three diploid hawkweed species of the predominantly polyploid apomictic
genus Hieracium, namely H. intybaceum, H. prenanthoides and H. alpinum.



CL-18 CL-82 CL-160

Cluster layout : *

Dot-plot

RepeatExplorer analysis of NGS data in Hieracium. Cluster layouts that are
typical for tandem repeats are shown in the top row, and self-to-self
comparisons of the contigs displayed as dot plots (YASS program output,
bottom row) where parallel lines also indicate tandem repeats (the distance
between the diagonals equals the lengths of the motifs)



H. intybaceum H. prenanthoides H. alpinum P lactucella

Chromosomal distribution of three satDNA elements (HintCI-18, HintCI-
82 and HintCI-160) that were discovered in the genomes of Hieracium
Intybaceum, H. prenanthoides and H. alpinum and absent in Pilosella
lactucella
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Multi-FISH with 5S rDNA (red pseudocolor), 45S rDNA (green pseudocolor) and three satDNA
elements, i.e., HintCI-18 (yellow pseudocolor on al, bl and cl), HintCI-82 (purple pseudocolor) and
HintCl-160 (yellow pseudocolor on a2, b2, and c2) in the somatic chromosomes of Hieracium
intybaceum, H. prenanthoides and H. alpinum.

Several chromosomes showed unique combinations of FISH chromosomal markers. This was the
case in chromosomes 4, 5 and 6 of H. intybaceum; 4-9 of H. prenanthoides; and 4, 5 and 9 of H.
alpinum.



Mapping of chromosomes with genus-specific satDNA elements
derived from next-generation sequencing data

Results

Three cluster-distributed, genus-specific satDNA elements that are not
present in the sister genus Pilosella were identified; notably, one element
spans the functional centromeres.

Each of the investigated diploids possessed a species-specific assortment
of detected repeats. Their utilization as molecular-cytogenetic markers, in
combination with ribosomal DNA loci, allowed for the development of a
system to identify the individual chromosomes of the Hieracium species.

This provide a basis for the future investigation of karyotype evolution in
diploid hawkweeds and for exploring satDNA dynamics in hybrids and
apomicts of allopolyploid origin.



Mechanisms underlying the transition from sexual to
apomictic reproduction

Hybridization causes genetic instability including a restructuring of the
repeatome, the fastest evolving part of plant genomes. Bursts of transposable
elements due to hybridization-induced genomic shock may trigger a switch to
apomixis.

We use sexual and apomictic parental Hieracium species in an extensive
breeding program and compare artificial hybrids with natural apomicts of the
same parentage as a model of hybrid speciation that may lead to the
formation of apomictic lineages.

Aims

Using sexual/apomictic Hieracium species and their natural/artificial hybrids
as a model with a combination of NGS, cytogenetics, flow cytometry and
embryology, we investigate changes in the repeatome following hybridization
and how these may have replaced the sexual by the apomictic pathway.



Field populations

H. pallidiflorum H. picroides
) 3x, apo 4x, apo H. stenoplecum
H. intybaceum %

2x sex; 4x apo H. prenanthoides
2x sex; 3x and 4x apo

Garden crosses

_— 0O

F1 hybrids, 2x

H. intybaceum, 2x sex

O OO0
d‘ - "f- £ ‘\

F2 hybrids + backcrosses, all 2x

H. prenanthoides, 2x sex
\ Q (parent 2)

H. intybaceum, 4x apo F1 hybrids, 3x
(parent 3) '

* reported in the literature, but recent localities not known, not included in the present study



Hieracium
Zavery
S urc€itou mirou zjednoduSeni muzeme fici, Ze evoluéni procesy

probihajici v sou€asné dobé u chlupacku (Pilosella) probihaly
v minulosti, mozna ne zas az tak davné, i u jestrabniku.

Evolucné starsi diploidni druhy se v minulosti kfizily, vznikajici
hybridni rostliny unikaly ze sterilizy polyploidizaci a snad v této
fazi dochazelo k pfechodu na apomikticky zplsob rozmnozovani.

Rostliny se bez obtizi rozmnozovat a navic vSichni potomci byli
geneticky shodni s materskou rostlinou. Krajina se tak zfejmé
rychle zaplnila mnozstvim navzajem odliSnych a reprodukcné
izolovanych apomiktickych linii. Nasledné se ale zaCala projevovat
asi nejvétsi evolu¢ni nevyhoda apomiktt — neschopnost
pfizplsobovat se zménam vnéjsSiho prostfedi — a celkova diversita
linii se zfejmé snizovala
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