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Abstract

In this study, 43 ,;main“ species (Zahn) of the subgenus Hieracium and 3 species of the
subgenus Chionoracium were studied karyologically and cytometrically. Triploid cyto-
types predominate in the whole of Europe. Diploid cytotypes are mainly concentrated
in specific areas of presumed glacial refugia in southern Europe. Chromosome counts
of plants from the subgenus Chionoracium are congruent with all values published so
far.

The measured monoploid genome size in subgen. Hieracium correlated with the
concurrently produced molecular phylogeny (ETS), which also separated two main
lineages of species that correspond to their geographic distribution. Both these lineages
differed significantly in genome size (Cx). On average, members of the ,eastern® group
had over 1 pg more DNA members of the ,western” group. Some of the ,main“ species
were marked as hybridogeneous/hybrid between the two lineages by ETS markers.
The genome size of these hybridogeneous species was surprisingly higher than the
average genome size of both main lineages. Intraspecies variability in genome size
was found in seven species. It has been explained by the presence of populations of
hybridogeneous origin, multiple polyploidization events and, in one species, turned out
to be a methodical artifact. Both subgenera under study markedly differ in genome
size (Cx).

The mode of reproduction was verified for most species. Polyploid species that
reproduce apomictically did not show any sign of residual sexuality. Diploid cytotypes
of the subgenus Hieracium, characterized by sexual reproduction, can be labelled as
obligately allogamous. Conversely, members of the subgenus Chionoracium show a
high degree of autogamy.

Key words: Asteraceae, Hieracium subg. Hieracium, Hieracium subg. Chionora-

cium, apomixis, chromosome number, mode of reproduction, nuclear DNA content,

phylogeny.



1 Uvod

Rod Hieracium je z mnoha hledisek jiny. Pravé svoji jedinecnosti a dava prostor k
nalezeni novych pfirodnich zakonitosti v botanickém oboru. Vyjimec¢nost této en-
tity dokazuje nemaly zajem botanické obce jiz od poloviny 19. stoleti. Sirsi poznani
mechanizmi, tvoricich tak komplikovany celek, vSak souvisi az s rozvojem novych bio-
systematickych metod. Bylo by proti mysli zvidavého ¢lovéka nevyuzit nové technické
moznosti a neprispét alesponn malou mérou k poznéni tohoto jedine¢ného rodu.

Diplomova prace byla zpracovana pod zastitou projektu Fylogeneze a evoluéni
trendy rodu Hieracium pod vedenim Jindficha Chrtka. Vystupy molekularnich analyz
zajistili Judith Fehrer a Karol Krak.



2 Cile

e Karyologicky prizkum vsech analyzovanych druhi.

e Nalézt zastoupeni autogamie, piipadné jiné, dosud neznamé reprodukéni strategie
(apomixie) u podrodu Chionoracium a diploidnich cytotypi Hieracium s. str. U

polyploidnich druhti Hieracium s. str. nalézt pripadnou zbytkovou sexualitu.

e Podrobit jednotlivé druhy analyze velikosti genomu a ziskana data srovnat
s rekonstrukei fylogenetickych vztaht na zakladé molekularnich markeri a
vztahnout k ekologickym faktorim a dalsim ziskanym datim (reprodukéni
mechanizmy, karyologicka data) a pochopit tak zakladni evoluéni procesy a

vztahy.



3 Charakteristika studovanych
skupin

3.1 Charakteristika rodu Hieracium

Rod Hieracium L. (Compositae) je taxonomicky komplikovany rod vytrvalych bylin,
ktery stejné jako nékolik dalsich rodu ( Tarazacum, Alchemila aj.) jiz po dlouh4 léta
spolehlivé zaméstnava desitky botanickych nadsencti. Nemalé mnozstvi zastoupenych
druhi (500-10000 podle piijaté taxonomické koncepce) je bezesporu déno pritomnosti
ruznych ploidnich trovni a rozmanitych reprodukcénich strategii, zahrnujicich jak
sexudlni, tak apomiktické (agamospermické) rozmnoZzovani, typické i pro nékteré dalsi
rody ¢eledi Compositae. Velky vyznam pro vznik variability méla a ma také rozsahla
hybridizace.

P1i pokusech taxonomicky zhodnotit tuto variabilitu a definovat druh se ustélily dva
hlavni pfistupy. V prvnim pojeti se akceptuji tzv. ,malé druhy“ (mikrospécie); je to
pristup pouzivany predevsim ve Skandinévii, na Britskych ostrovech, na tizemi byvalého
Sovétského svazu a byl prijat i nékterymi ceskymi autory (Sell & West 1976, Sell 1987,
Dostal 1989). Naopak 8irsi pojeti druhu (ktery je pak dale ¢lenén na vnitrodruhové
jednotky, casto az do hodnoty subforem, nejvétsi vyznam ale maji subspecie) je
pouzivan predevsim stfedoevropskymi botaniky (Zahn 1921-1923, 1922-1938, Négeli &
Peter 1885). Druhy v 8irSim pojeti se nasledné déli na tzv. hlavni druhy (Hauptarten,
species principales, se §irokym aredlem a dobrou morfologickou diferenciaci) a na
tzv. vedlejsi druhy (Zwischenarten, species intermediae, pravdépodobné hybridniho
puvodu, které jsou schematicky razeny do rtzné vzdalenosti mezi druhy hlavni na
zékladé jejich morfologické podobnosti.

Rod Hieracium je souc¢asti subtribu Hieraciinae (tribus Lactuceae). Obvykle je élenén
do tif navzajem dobie odligitelnych podrodu (morfologicky, ekologicky, zptisobem
reprodukce), mezi kterymi nebyly nalezeny prechodné typy. V ramci Evropy a Asie
se vyskytuji podrody Hieracium a Pilosella, na americkém kontinentu pak pribyva
treti podrod Chionoracium. Hodnoceni téchto jednotek v hodnoté podrodii ale zdaleka

neni vSeobecné a bez vyhrad pfijiméano. Zastupci podrodu Pilosella a Chionoracium



3 Charakteristika studovanych skupin

byli ¢asto zejména na zakladé morfologickych rozdili oddélovani do samostatnych
rodu, hlavné v severoevropskych a britskych studiich; podrod Chionoracium byl pak
nékterymi autory fazen i do rodu Crepis (Sell 1987). V soucasné dobé dokoncena
fylogeneticka rekonstrukce subtribu Hieraciinae na zékladé molekularnich markert
(sekvence ITS a ETS usekt jaderné DNA a vybranych tseki chloroplastové DNA)
oddélila podrod Pilosella do samostatné linie od podrodu Hieracium a Chionoracium
(Fehrer et al. 2007). To vedlo mimo jiné i k pfijeti samostatného rodu Pilosella i v
doposud zna¢né konzervativnim stfedoevropském prostoru (Brautigam & Greuter
2007). Podrody Hieracium a Chionoracium tvoii monofyletickou skupinu, kazdy z
obou podrodi je ale polyfyleticky (Fehrer et al. 2007 et unpubl.). Pfedlozena studie se
zabyvéa podrody Hieracium a Chionoracium; souhrnné informace o (pod)rodu Pilosella

je mozné nalézt napi. ve studii Krahulcové et al. (2000).

3.1.1 Hieracium subgen. Hieracium

Podrod zahrnuje nevybézkaté rostliny s rizné hustymi jednoduchymi (krycimi) chlupy,
stopkatymi zlazkami a hvézdovitymi chlupy. Listy jsou obvykle alesponi drobné zubaté,
prizemni listy obvykle rapikaté, v rizici, nékdy v dobé kvétu jiz zaschlé, lodyzni
listy ¢etné nebo chybéji. Ubory jsou bud jednotlivé na konci lodyhy nebo skladaji
az mnohouborné vrcholiky. Zakrovy polokulovité, vejcovité, vejcovité valcovité az
valcovité. Kvéty jazykovité s plochou nebo zkracenou zkroucenou ligulou, na vrcholu na
zoubcich nékdy s ojedinélymi az ¢etnymi kratickymi chlupy. Nazky 2,5-5,0 mm dlouhé,
nahote s nizkym limeckem, chmyr dvourady. Pii ur¢ovani jednotlivych druhii bereme
v tvahu celou skilu znaki tykajici se zejména typu a hustoty odéni, zadkrovnich listent,
listt prizemni ruzice a lodyznich lista (Chrtek 2004). Centra diversity se nachazeji
predevsim na horskych masivech temperatnich oblasti Evropy (Alpy, Pyreneje, Karpaty,
Sudetska pohoii a Balkanské hory). Dalsi rozsiteni zasahuje na asijsky kontinent, do
Afriky, Severni Ameriky a nékteré druhy byly zavleceny na Novy Zéland (Obr. 3.1).
V minulosti bylo navrzeno nékolik ¢lenéni tohoto podrodu (cf. Stace 1998), mezi
nejvyznamnéjsi patii klasifikace uverejnéna Zahnem (1921-1923), ktera zahrnuje 25
sekei. Zatim posledni navrh na klasifikaci uvetejnil Stace (1998), vychazel ale v zasadé

ze starsiho konceptu piijatého v dile Flora Europaea (Sell & West 1976).

3.1.2 Hieracium subgen. Chionoracium Schultz-Bip.

Zastupci tohoto podrodu jsou vytrvalé byliny s pfizemnimi ¢ stfidavymi lodyznimi
listy, celistvymi ¢ zubatymi. Kvétenstvi je vrcholikovité nebo latovité. Zakrovy s

jednoduchymi chlupy a nebo stopkatymi zlazkami, liguly 5 zubé, kvéty zluté, bilé
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nebo naruzovélé. Tycinky 1-3,5 mm dlouhé, nazky s 10 Zebry na bézi nebo uprostied
zazené, chmyr jednorady (Beaman 1990). V soucasné dobé pfijimaném vymezeni je
rozsifen v Severni i Jizni Americe a ve vychodni Asii. Podrod Chionoracium je zatim
nejméné prozkoumanou skupinou v ramei irokého rodu Hieracium. Zahn (1921-1923)
¢leni podrod do 6 sekci, uznavéa ale samostatny podrod Mandonia, pozdéji ziejmé
opravnéné piifazeny k podrodu Chionoracium (Sleumer 1959). V nékterych ohledech
sporné je i vymezeni podrodu — napt. vétsina africkych a evropskych zéstupci sekce
Tolpidiformia byla pozdé&ji vétsinou autori z rodu Hieracium vytazena. Piikladem
muze byt indicky druh H. silhetense (DC.) Peter, ktery nalezl své misto v asijském
rodu Youngia (Babcock & Stebbins 1932). Starsich studii (kromé Zahnovy monografie)
zabyvajicich se podrodem Chinoracium je velmi malo (nap¥. Robin & Green 1904, Blake
1922). Vétsina praci se pak zabyva diverzitou podrodu v Severni Americe (Fernald
1943, Strother 2006, Gaskin et al. 2007), nové&ji byl podrod monograficky zpracovan
i ve stfedni Americe (Beaman 1990). Naopak témeér neznama zustava diverzita této
skupiny v Jizni Americe. VétSina druhii Severni a stfedni Ameriky je pomérné dobfe
rozpoznatelnych. Problematické se zdaji byt pouze nékteré polymorfni druhy s velkymi
arealy (H. abscisum, H. crepidispermum, H. dysonimum, H. irasuense, H. mexicanum,
H. pringlei), kde na jejich okraji, pfi styku s jinymi druhy, pravdépodobné dochézi k
hybridizaci (Beaman 1990).
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4 Sbeér studovanych rostlin

Vzhledem k obrovské diversité rodu Hieracium a v mnoha piipadech nejasné evolucéni
historii tzv. prechodnych (hybridogennich) druhu, zahrnuje tato studie pouze tzv.
hlavni (z definice nehybridni, coz ale zfejmé neni zcela pravda) druhy v pojeti Za-
hnova monografického zpracovani rodu (Zahn 1921-1923). Vyjimkou jsou druhy sekce
Cerinthoidea (H. cerinthoides, H. cordifolium, H. gouani, H. ramondii, H. recorderi),
kde je prijato uzsi pojeti druhu (Mateo 2005). Zahrnuty jsou také dva nové popsané
balkanské druhy H. kittaniae (Vladimirov 2003) a H. petrovae (Vladimirov & Szelag
2006) a jeden balkansky druh H. plumulosum (H. waldsteinii agg.) ktery byl zafazen
do analyz diky své izolovanosti a diploidnimu poc¢tu chromozomt. VSechny rostliny
pochézeji z prirodnich populaci, byly sebrany v letech 2004-2007 (sbératelé viz Tab.
piiloha) a nasledné péstovany v experimentalni zahradé Botnického ustavu AV CR v
Prithonicich. Jejich umisténi a kultivaéni podminky byly pribézné prizptisobovany
ekologickym naroktm a fitnes rostliny. Pouze v pripadé nékolika malo populaci byly
rostliny vypéstovany ze semen, vzdy se jednalo o populace kde byla témér jisté vylou-
¢ena moznost mezidruhové hybridizace (a tudiz hybridniho ptivodu semen) a rostliny
byly vzdy dopéstovany do stadia kveteni. Celkem bylo péstovano 230 rostlin z 92
populaci zastupujici 43 zastupct podrodu Hieracium a 3 druhy podrodu Chionora-
cium. V rdmci projektu ,Fylogeneze rodu Hieracium® byl zamér vyuzit stejny soubor
rostlin pro studium molekularnich markert, stanoveni po¢tu chromozomi, velikosti
genomu a zpusobu reprodukce. I pfes veskerou péci byly analyzy nékterych jedincu
znemoznény jejich Spatnym fyziologickym stavem ¢i totalni destrukei parazitickymi
houbami, hmyzem ¢i divou zvéfi. Analyzované rostliny byly herbarizovany (nebo
budou az vykvetou), dokladové polozky jsou uloZeny v herbaii Botanického tstavu
AV CR (PRA).
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5 Karyologie

5.1 Uvod

Pro cely komplex Hieracium s.1. je zadkladni chromozémové ¢islo x = 9, charakteristické
i pro celou fadu rodu ¢eledé Asteraceae (Achillea, Artemisia, Lactuca atd.). Jednotlivé
skupiny (Hieracium subgen. Hieracium, Hieracium subgen. Chionoracium a Pilosella)
se ale zasadné lisi v zastoupeni diploidnich a polyploidnich druhii/cytotypi v ramci
druhid. Vétsina zastupca podrodu Hieracium jsou polyploidi, na evropském tzemi
jsou nejcast&jsi triploidi (ve stfedni Evropé jsou zastoupeni asi ze 70 % , Schuhwerk &
Lippert 1999). Tetraploidi jsou vzacnéjsi a pentaploidni druhy byly zjistény jen velmi
vzacné. Velkym prekvapenim je publikace hexaploidniho a dokonce oktoploidniho
chromozémového po¢tu u druhu H. virosum (Pulkina & Tupitsyna 2000). Diploidni
druhy, ¢i diploidni cytotypy jinak polyploidnich druhti jsou zastoupeny pouze v
mensing, a to zpravidla ve vztahu k urcité geografické oblasti. Takovou oblasti je
napi. jihozapadni Evropa, kde Pyrenejsky poloostrov a jeho pfilehld tizemi jsou
arealem vyskytu diploidnich zastupcii sekce Cerinthoidea (Mateo 1996, Mateo 1998).
Pohoti Balkanského poloostrova jsou vyznamnym refugiem sexuélnich druhu jako H.
kittaniae, H. petrovae, H. sparsum a H. transylvanicum (Rosenberg 1927, Christoff
1942, Vladimirov 2003, Vladimirov & Szelag 2006, Chrtek et. al 2007). Jedinym Siroce
roz§ifenym diploidnim druhem je H. umbellatum, jehoz misto je i v ¢eské kvétené
(Schuhwerk 1996).

Chromozomova ¢isla podrodu Chionoracium nevykazuji zddnou variabilitu, a to ani
v oblastech kde jednozna¢né dochazi ke kiizeni druhii. VSsechna doposud spocitana
chromozomova ¢isla byla 2n = 18 (Zahn 1921-1923, Beaman 1990).

5.2 Metodika

Chromozomy byly pocitany klasickou metodou docasnych roztlakovych preparati,
k niz byly zapotiebi kofenové $picky s aktivnim meristematickym pletivem (mlé¢né
zakalené konce korinkt). Idealni bylo provadét odbéry v ¢asnych rannich hodinéach, kdy

je aktivita meristemu nejvyssi. Kviili nedostatku vhodnych kotinku bylo nékdy potieba
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5 Karyologie

aktivné pomoci pii jejich tvorbé (presazovani, hydroponie). Od hydroponni metody
bylo pozdé&ji upusténo, kvili velké mortalité. Odebrané kotrinky byly po dobu 3-4 hodin
za pokojové teploty podrobeny predptisobeni nasycenym roztokem p - dichlorbenzenu.
Posléze byly dikladné proplachnuty fixaénim roztokem (kyselina octova a ethanol v
poméru 1:3) a fixovany priblizné 12h pii teploté 4 °C. Fixované kotinky byly skladovany
v 70% ethanolu. Pfed vlastni piipravou roztlakovych preparati byly macerovany po
dobu 7-9 min v 1N roztoku HCI pii teploté 60°C ve vodni lazni a nasledné zpracovany
metodou roztlakovych preparati. K barveni byl pouzit lacto—propion orcein (Dyer
1963). Chromozémy byly pocitany pod svételnym mikroskopem za pouziti imerze pii
zvétseni 1000x, pricemz hodnoty byly zjistény vzdy u kazdé populace pro minimalné

dvé rostliny.

5.3 Vysledky

V rameci projektu zaméreného na fylogenezi rodu Hieracium byl zjistén pocet chromo-
zomu u rostlin z 90 populaci patticich k 44 druhum (viz Tab. 7.2). Na poéitani se ale
podilelo vice autorti, a proto jsou v tabulce ¢. 5.1 této diplomové prace uvedeny pouze
pocty zjisténé J. Zahradnickem. V kapitole ,diskuse” jsou ale zohlednény vsechny

7jiSténé pocty.

Tabulka 5.1: Chromozémové pocty zjisténé autorem predlozené prace.

Druh Oznaceni rostliny | Lokalita 2n
H. alpinum L. H 1067/2, 4 Ukr: Maramure$ 18
H. amplexicaule L. H 354 Esp: prov. Gerona 27
H. amplexicaule L. P 1366 Fra: Hautes Alpes 27
H. caesium (Fr.) Fr. H 1227/1 Swe: prov. Gastrikland 36
H. glaucum All. H 1232/2 Slo: Julijske Alpe 27
H. humile Jacq. H 1064/3 Aut: Dachstein massif 36
H. murorum L. H 875/4, 8 Cze: Plzen 27
H. pannosum Boiss. H 1205/1 Blg: Trojanska Planina 27
H. prenanthoides Vill. H1161/2 Pol: Karkonosze 27
H. racemosum Waldst. et Kit. ex Willd. | H 1220/3 Sk: Gemer 27
H. sabaudum L. H 1163/3 Cze: Praha 27
H. scabrum Froel. ex DC. H 1002/2 USA: Michigan 18
H. schmidtii Tausch H 1151/4 Cze: Krivoklatsko 27
H. tomentosum L. H 1066/8 Fra: dépt. Alpes Maritimes 18
H. transsilvanicum Heuff. H 1077/10 Ukr: Maramures$ 18
H. villosum Jacq. H 1029/1 Sk: Srazovské vrchy 36

13



5 Karyologie

5.4 Diskuze

V ramci feseni diplomové prace byl zjistén pocet chromozomii u 16 populaci fazenych k
15 druhim. V ramci projektu ,,Fylogeneze rodu Hieracium® pak byl pocet chromozomii
stanoven u celkem 90 populaci, patticich k 44 druhum (Chrtek et al. 2007 a Chrtek
et al. 2008 - viz pfiloha). Byly zjistény tii po¢ty chromozomu — 2n = 2x = 18, 2n
= 3x = 27 a 2n = 4x = 36, u 9 druht byly nalezeny dva cytotypy (6 v kombinaci
3x/4x a 3 v kombinaci 2x/3x), vzdy se ale jednalo o mezipopula¢ni diferenciaci, nikoliv
variabilitu v ramci jedné populace. U 7 druha (H. gouanii, H. gymnocerinthe, H. pictum,
H. ramondii, H. recoderi, H. stelligerum, H. tomentosum) jde o prvni stanoveni poc¢tu
chromozomu, u dalsich 3 druht (H. gymnocephalum, H. humile, H. lawsonii) byl
poprvé zjistén doposud nepublikovany cytotyp. Nejvice studovanych taxont bylo
triploidnich (54 %), méné diploidnich (32 %) a spiSe vyjime¢né byl zjistén tetraploidni
pocet (14 %, Obr. 5.1). Dale jsou struc¢né diskutovany zjisténé pocty chromozomu u
jednotlivych druhti, u druhtt s mnoha diive publikovanymi pocty jsou nékdy zminény

pouze souborné indexy chromozomovych poctii.

Zastoupeni jednotlivych cytotypl Hieracium s.str

O14%

HZx

B 54% = e
O 4dx

Obrazek 5.1: Zastoupeni jednotlivych cytotypi hlavnich druht podrodu Hieracium.

o H. alpinum L. 2n = 18, 27 (Chrtek et al. 2008)

Druh s velkym, ale zna¢né disjunktnim aredlem znamy predevsim jako triploid (2n
= 27) (Skawiniska 1963, Mési¢ek in Mésicek & Jarolimova 1992, Chrtek 1997, 2004).
Nélez tetraploidniho cytotypu ze zapadnich Tater publikovali Szelag & Jankun (1997).
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5 Karyologie

Zda se ze diploidni cytotyp je omezen pouze na vychodni (Chrtek 1997) a jizni Karpaty
(Mraz 2003). Zvlastnosti je zde bezesporu nalez aneuploidie (Sokolovskaya & Strelkova

1960) ze severozapadniho Ruska.
o H. amplexicaule L. 2n = 27, 36 (Chrtek et al. 2007, 2008)

U tohoto druhu rozsifeného predevsim ve stiedni a jizni Evropé (zasahuje i na africky
kontinent) jsou znamy tii cytotypy (2n = 18, 27, 26). Nejrozsifenéjsi triploidni cytotyp
je pro subsp. amplexicaule dokumentovan z Pyreneji (Schuhwerk & Lippert 1998), a
jizniho Spanélska (Cueto Romero & Blanca Lopez 1986). Stejny pocet je publikovan
pro subsp. olivicolor z Maroka (Vogt & Oberprieler 1994), nejnovéjsi nélez pak pochazi
z Balearskych ostrovii (Castro et al. 2007). Tetraploidni rostliny uvadéji Gentcheff &
Gustafsson (1940) a Quézel (1957). Existuje pouze jediny zéznam diploidniho po¢tu

chromozomi ze Spanélska (Castro et al. 2007).
e H. bifidum Kit. 2n = 27 (Chrtek et al. 2008)

H. bifidum je pfedevsim horsky druh stfedni Evropy se Sirokou ekologickou amplitudou,
ktery se vyskytuje hlavné jako triploidni cytotyp (Majovsky 1970, Natarajan 1988,
Mraz & Szelag 2004). Je ale dokumentovan i ptipad diploidnich (Rosenberg 1927) a
tetraploidnich (Mraz & Szelag 2004, Chrtek 2004) rostlin.

e [. bracteolatum Sibth. & Sm. 2n = 27 (Chrtek et al. 2008)

Pro tento balkansky druh jsou uvadény pievazné triploidni poéty (2n = 27). Schuhwerk
& Lippert (1999) uvadi 2n = 27 a 36 pro H. bracteolatum subsp. reinholdii. Pro stejny
poddruh uvadi triploidni pocet i Strid & Franzen (1981). VSechny zaznamy pochézi z
Recka.

o H. bupleuroides C. C. Gmel. subsp. bupleuroides 2n = 27, subsp. leviceps Nageli
& Peter 2n = 27, subsp. tatrae (Griseb.) Négeli & Peter 2n = 27 (Chrtek et al.
2007, Chrtek et al. 2008)

Prevazujici triploidni pocet (2n = 27) publikoval pro subsp. bupleuroides a pro subsp.
tatrae Chrtek et al. (2004) ze zapadnich Tater. Dalsi zaznamy triploidniho poctu
jsou hojné dokumentovany z Alp (Polatchek 1966, Schuhwerk & Lippert 1999, subsp.
bupleuroides). Tetraploidni rostliny jsou jiz méné hojné. Niketi¢ et al. (2003, 2006)
nalezl 2n = 36 v Cerné Hofe, Chrtek et al. (2004) v zapadnich Tatrach a Szelag &
Vladimirov (2005) v jiznim Polsku.
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5 Karyologie

o H. caesium agg.

e H. basifolium (Fr. ex Almq.) Lonnr. (H. caesium subsp. basifolium sensu Zahn)

2n = 36, H. plumbeum Fr. (H. caesium subsp. caesium sensu Zahn) 2n = 36

Chromozomové pocty tohoto patrné uniploidniho druhu (agg.) dokumentovali pouze
Schuhwerk & Lippert (1999) pro subsp. caesium a subsp. cornosum (Wiesb. ex Dichtl)
z oblasti rakouskych a némeckych Alp.

e H. cerinthoides L. s. str. 2n = 27 (Chrtek et al. 2007)

Delay (1969) publikoval diploidni pocet (2n = 18). Vzhledem k velké variabilité této

skupiny se ale muze jednat i o jiny taxon sekce Cerinthoidea.
e H. cordifolium Lapeyr. s. str. 2n = 18 (Chrtek et al. 2007)

U druhu soustfedéného vyskytem do JZ Evropy (stejné jako cela sekce Cerinthoidea),
existuje jediny zédznam di- (subsp. neocerinthe (Fr.)) i triploidniho (subsp. eriocerinthe)

po¢tu chromozomu (Schuhwerk & Lippert 1999).
e H. eriophorum St.-Amans 2n = 18 (Chrtek et al. 2007)

Stejny pocet chromozémi 2n = 18 u rostlin z Francie publikoval Merxmiiller (1975).
o H. glaucum All. 2n = 27 (Chrtek et al. 2007, Chrtek et al. 2008)

Zjistény pocet se shoduje s diive publikovanymi udaji z Rakouska (Polatschek 1966),
[talie (Scannerini 1971) a Némecka (Schuhwerk & Lippert 1999). Jiné cytotypy nejsou

prozatim znamy.
e H. gouanii Arv.-Touv. 2n = 18 (Chrtek et al. 2007)
Jedné se o prvni udaj o po¢tu chromozémi.
e H. gymnocephalum Griseb. ex Pant. 2n = 18 (Chrtek et al. 2008)

Tento druh byl dosud zndm pouze jako triploid (Niketi¢ et al. 2006). Jde tedy o
prvni nalez diploidniho cytotypu; taxonomicky jde ale o pomérné komplikovany druh
(agregat) a bude potfeba zjistit vztah mezi ploidni trovni a morfologicky definovanymi
jednotkami. Diploidni cytotyp byl v sekci Pannosa publikovan zatim pouze u H.
petrovae (Vladimirov & Szelag 2006).
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5 Karyologie
e H. gymnocerinthe Arv.- Touv. & Gaut. 2n = 27 (Chrtek et al. 2007)

Tento pyrenejsky druh, morfologicky velmi podobny H. ramondii, byva ¢asto kla-
sifikovan jako poddruh H. cerinthoides. Da se pfedpokladat Zze jde o prvni zjisténi

chromozoémového poctu.
o H. heterogynum (Froel.) Guterm. 2n = 27 (Chrtek et al. 2008)
Pravdépodobné prvni tidaj o po¢tu chromozomi.

e H. humile Jacq. 2n = 27, 36 (Chrtek et al. 2007)

Zatim byl u tohoto alpského druhu znam jen triploidni cytotyp (subsp. pseudocottetii
(Zahn) Zahn, Schuhwerk & Lippert 1999).

e H. kittaniae Vladimir. 2n = 18 (Chrtek et al. 2007)

Nedavno popsany reliktni druh H. kittaniae z jizniho Bulharska je charakteristicky

jen diploidnim chromozomovym ¢islem (Vladimirov 2003).
e H. lachenalii Suter 2n = 27 (Chrtek et al. 2007, 2008)

U tohoto variabilniho celoevropsky rozsiteného lesnitho druhu je uvadén vétSinou
triploidni cytotyp (mnoho referenci uvadi Chrtek et al. 2004). Jediny udaj dokumen-
tuje tetraploidni rostliny (Lavrenko & Serditov 1987). Téz je zde publikovan piipad

aneuploidie (2n = 28; Rostovtseva 1983; povazovano za H. tilingii Juxip).
e H. laevigatum Willd. 2n = 27 (Chrtek et al. 2007, 2008)

Druh osidlujici celou Evropu je znam pievazné triploidnimi (2n = 27) cytotypy, uvadény

jsou ale i diploidni rostliny (Schuhwerk 1996 a mnoho jinych chromozémovych indext).
e H. lawsonii Vill. s.1. 2n = 27, 36 (Chrtek et al. 2008)

U tohoto druhu rozsifeného v oblasti Pyrenejského poloostrova a jihozapadnich Alp
je doposud velmi mélo idaji dokumentujicich chromozémové pocty. Schuhwerk &
Lippert (1998) publikovali triploidni pocet u H. lawsonii subsp. aemuliflorum. Zda se

tedy, Ze se jedna o prvni nélez tetraploidniho cytotypu.

e H. murorum L. 2n = 27 (Chrtek et al. 2007)
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5 Karyologie

Pfevazné jsou uvadény triploidni rostliny (2n = 27, mnoho zaznamt uvadi napf.
Schuhwerk 1996). Tetraploidni pocet je vzhledem k mnozstvi 2n = 27 zéznami uvadén
jen vzacné (Schuhwerk & Lippert 1998).

e H. naegelianum Pancic 2n = 27 (Chrtek et al. 2007)

Stejné chromozomova ¢isla tohoto balkanského druhu publikoval Niketi¢ et al. (2003,
2006) a Vladimirov & Szelag (2001).

e H. olympicum Boiss. 2n = 27 (Chrtek et al. 2007)
Stejny pocet publikovali Vladimirov & Szelag (2001).
e H. pannosum Boiss. 2n = 27, 36 (Chrtek et al. 2007, 2008)

Nalez obou cytotypi tohoto druhu sekce Pannosa odpovida dosavadnim tdajim z
Recka (Papanicolau 1984). Samotny tetraploidni pocet z Bulharska uvadéji Vladimirov
& Szelag (2001). Triploidni pocet z Recka zase Strid & Franzén (1981) a Schuhwerk &
Lippert (1998).

e H. petrovae Vladimirov & Szelag 2n = 18

Tento vapnomilny skalni druh je spole¢né s H. gymnocephalum (v této studii objevenym)
jedinym diploidnim druhem sekce Pannosa. Uvadény chromozémovy pocet souhlasi s

dosud jedinym udajem z jizniho Bulharska (Vladimirov & Szelag 2001).
o H. pictum Pers. 2n = 27 (Chrtek et al. 2008)

Zd4 se, ze jde o prvni dokumentaci chromozémového poc¢tu tohoto znacné variabilntho

alpského druhu.
e H. piliferum Hoppe 2n = 27, 36 (Chrtek et al. 2008)

Nami nalezené chromozomové pocty odpovidaji publikovanym tdajum. Schuhwerk &
Lippert (1999) nalezli ve Svycarskych Alpach tetraploidn{ cytotyp pro H. piliferum
subsp. hololeptum. Triploidni cytotyp stejného poddruhu z Alp uvadi Scholte (1977).

e H. pilosum Schleich. ex Froel. 2n = 27 (Chrtek et al. 2008)

Podobné jako H. wvillosum roste hlavné ve vyssich polohach evropskych vapencovych
pohofi. Stejna chromozomova ¢isla 2n = 27 zvefejnili Moore (1982) a Chrtek et al.
(2004) z oblasti Zapadnich Tater. Tetraploidni pocet nalezli Christoff & Popoff (1933).
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5 Karyologie

e H. porrifolium L. 2n = 18 (Chrtek et al. 2007, 2008)

Prevazné alpsky a s nejvétsi pravdépodobnosti pouze diploidni druh; publikované
pocty pochazeji z Julskych Alp (Favarger 1965) a ze SV Itélie (Marcucci & Tornadore
1999).

e H. prenanthoides Vill. 2n = 18, 27 (Chrtek et al. 2007, 2008)

Horsky druh s velkym arealem, sahajicim od Pyreneji po pohofi v mirném pésu Asie.
Velmi zajimavy je zjistény diploidni pocet u rostlin ze zapadnich Alp (Hautes Alpes)
— 7 tohoto tizemi byli sice diploidi jiz diive uvadéni (Favarger 1969a, b), adajum ale
nebyla vénovana prilisSna pozornost a snad se jim ani prilis nevérilo. Zda se, ze prave
francouzské Hautes Alpes jsou jedinou oblasti vyskytu diploidi, rostliny z jinych
evropskych pohofi jsou tri- nebo tetraploidni (souhrn publikovanych udajii viz Chrtek
et al. 2007).

e H. racemosum Waldst. et Kit. ex Willd. 2n = 27 (Chrtek et al. 2008)

U tohoto Siroce rozsifeného, spise teplomilného druhu jsou znamy tii cytotypy (2x,
3x, 4x), vyrazné ale prevazuji nalezy triploidi. Zatim prvni tdaj o diploidnim poc¢tu
pochézi z rakouskych Alp, ze smiSené populace di- a triploida (Schuhwerk & Lippert
1999). Prvni nalez tetraploidniho cytotypu publikoval Merxmiiler (in Moore 1982).

e H. ramondii Griseb. 2n = 27 (Chrtek et al. 2007)

U tohoto druhu patiiciho do sekce Cerinthoidea jde o prvni zjisténi chromozémového

poctu.
e H. recoderi De Retz 2n = 18 (Chrtek et al. 2007)

Druh znamy pouze z nékolika malo mist v severnim Katalansku (De Retz 1978).
Chromozoémova ¢isla pro tento druh doposud nebyla publikovana. V sekci Cerinthoidea

je vSak nalezeny pocet (2n = 18) vice neZ Casty.
e H. schmidtii Tausch 2n = 27 (Chrtek et al. 2007, 2008)

Nami zjisténé pocty koresponduji s bézné uvadénymi adaji. éastéji publikovany cytotyp
(2n = 27) nalezl Chrtek (1996) v Krkonosich, Castro et al. (2007) ve Spanélsku a
Schuhwerk & Lippert (1999) v Némecku. V poslednim piipadé byly druhy identifikovany
jako H. schmudtic subsp. comatulum a subsp. kalmutinum. Tetraploidni pocet uvadéji
Meésicek & Jarolimova (1992) ze stiednich Cech a Castro et al. (2007) ze Spanélska.
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5 Karyologie
o H. sabaudum L. 2n = 27 (Chrtek et al. 2008)

Pro tento Siroce rozsiteny evropsky druh jsou znamé vSechny bézné se vyskytujici
ploidni trovné (2x, 3x,4x) (napf. Schuhwerk 1996, Majovsky et al. 1987). Udaje o
diploidech jsou ale velmi vzacné, a ziejmé jde o zamény s netypickymi morfotypy jinak

bézné diploidniho druhu H. umbellatum.
e H. sparsum Friv. 2n = 18 (Chrtek et al. 2008)

Druh balkanskych hor u néhoz vetsina publikovanych poc¢ti dokumentuje diploidni
jedince. Vice udaju pochazi z Bulharska (Vladimirov 2000, Vladimirov & Szelag 2001),
nejnovéji byli diploidi zjisténi i v Srbsku (Szelag 2007). Jediny piipad triploidnich
rostlin pochézi z Makedonie (Schuhwerk & Lippert 1998).

o H. stelligerum Froel. 2n = 18 (Chrtek et al. 2007)

Pro tento skalni druh s malym arealem v jizni Francii severné od mésta Montpellier

se jedna o prvni idaj o po¢tu chromozomnu.
e H. tomentosum L. 2n = 18, 27 (Chrtek et al. 2007, 2008)

Pro tento vyznamny zejména alpsky druh nebyly pfekvapivé doposud znama zadna
chromozémova ¢isla. Zatimco diploidni pocet pochézi z Piimorskych Alp, triploidni
rostliny byly nalezeny v okoli mésta Briancon ve francouzskych Hautes Alpes. Podrob-

néjsi rozsireni obou cytotypu ale zatim neni zndmo.
e H. transylvanicum Heuff. 2n = 18 (Chrtek et al. 2007)

S velkou pravdépodobnosti vyhradné diploidni druh, rozsifeny zejména ve Vychodnich
a Jiznich Karpatech a v pohotich Balkankého poloostrova. Zaznami dokumentujicich
diploidni pocet je mnoho (napt. Rosenberg 1927, Pashuk 1987, Chrtek 1996, Mraz et
al. 2005).

o H. umbellatum L. 2n = 18 (Chrtek et al. 2007, 2008)

Velké mnozstvi zaznamii dokumentuje jak diploidni tak triploidni cytotypy (napf.
Majovsky et al. 1987, Schuhwerk 1996).

e H. wvillosum Jacq. 2n = 27, 36 (Chrtek et al. 2008.)
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5 Karyologie

Drubh stejné jako H. pilosum osidluje nejvyssi polohy stiedoevropskych pohoii; je vazan
na zejména na krystalické vapence a dolomity. Nejrozsitenéjsim cytotypem je triploidni,
tetraploidni je méné ¢asty, diplodi nebyli zatim zjisténi (Schuhwerk 1996, Chrtek et al.
2004) Z rakouskych Alp je také zaznamenana aneuploidie u dvou zkoumanych rostlin
(Polatschek 1966).

e H. virosum Pall. 2n = 27 (Chrtek et al. 2008)

Hlavné 3x (Belaeva & Siplivinsky 1976, Volkova & Boyko 1986) a 4x (Christoff &
Popoff 1933, Astanova et al. 1989) ploidni stupné byly nalezeny v Rusku. Pulkina &
Tupitsyna (2000) dokonce nalezly pentaploidni a oktoploidni poc¢et chromozomu.

H. waldsteinii agg.
o H. plumulosum A Kern. 2n = 18 (Chrtek et al. 2007)

Pro tento agregat H. waldsteinii uvadi Schuhwerk (1996) vSechny tfi cytotypy (2n
= 18, 27, 36). Prvi nélez diploidniho chromozomového ¢isla druhu H. plumulosum z
Cernohorského pohofi Sinjajevina publikoval Szelag et al. (2007).

Chionoracium Schultz-Bip.

o H. scabrum Froel. ex DC. 2n = 18

Chromozoémové pocty tohoto druhu nebyly doposud publikovany. Spocteny diploidni
pocet (2n = 18) odpovidé vSem dosud nalezenym poc¢tim (napt. Schuhwerk 1996).
Ukazuje se, ze zastoupeni diploidnich druhti a cytotypi multiploidnich ,hlavnich”
druht je ponékud vyssi nez se predpokladalo. V ramci projektu ,Fylogeneze rodu
Hieracium® byl poprvé zjistén diploidni pocet u druht H. tomentosum, H. stelligerum,
H. gymnocephalum a byly zjistény nové lokality diive uvadénych diploidnich taxoni.
Vladimirov & Szelag (2006) rozlisili diploidni druh H. petrovae, Vladimirov (2003)
popsal diploidni H. kittaniae. VSechny zminéné druhy jsou soustfedény do refugii na
Balkanském poloostrové a v JZ Evropé (Obr. 5.2). Jedinou vyjimkou (bereme-li v
uvahu jen druhy ,hlavni”) je H. umbellatum rozsitené od polarniho kruhu po Pyrenejsky
poloostrov, roste i na vétsiné plochy severoamerického kontinentu véetné Gronska.
Zajimavé je také to, ze jeho polyploidni cytotyp je rozsifen v mnohem mensi mite.
Tento vyjimeéné velky areél (vzhledem k ostatnim diploidnim druhtim) je bezesporu
vysledkem jeho velké konkurenceschopnosti. Tato tivaha je vSak v rozporu z obecnymi
zavéry ze diploidni druhy jsou méné konkurence schopné nez polyploidni. Tak je tomu
ostatné u vétsiny druhti podrodu Hieracium, kde maji diploidni druhy pozici lokalnich

endemitt (Vladimirov 2003) nebo jsou rozsifené jen velmi omezené.
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Obrazek 5.2: Mapa roysiteni cytotypt ,hlavnich® druhi.
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6 Reprodukcni zplsoby

6.1 Uvod

Rod Hieracium v Sirokém pojeti (incl. Pilosella) je znam velkou diversitou reproduké-
nich zptusobu a strategii. Jednotlivé skupiny (Hieracium subgen. Hieracium, Hieracium
subgen. Chionoracium a Pilosella) se ale v tomto zna¢né lisi. V podrodu Hieracium
zpusob rozmnozovani tzce souvisi s ploidni drovni. U diploidnich rostlin byl prokazan
pohlavni zptisob rozmnozovéani, kdy dochazi ke splynuti dvou haploidnich gamet v
diploidni zygotu (Gustafsson 1974). Predpoklada se, ze vétsina téchto rostlin bude
soucCasné obligatné allogamické, experimentalné to bylo zjisténo ale zatim pouze u
nékolika druhii/cytotypii, napt. u H. alpinum (Chrtek 1997) a H. umbellatum (Mraz
2003). Autoinkompatibilita (SI), znama také u mnoha jinych rodu, tak snizuje riziko
inbreedingu a zvysuje genetickou variabilitu. Ne vzdy je ale ,obligatni* allogamie vyho-
dou. V situacich, kdy v ménicich se podminkach prostiedi dojde ke snizeni mnozstvi
jedinct v populaci, mize samoopyleni zabranit zaniku populace. V rodu Hieracium
byla zjisténa porucha autoinkompatibility vlivem pylu jiného druhu nebo faktoru
prostfedi (tzv. mentor effects, Richards 1997). Mraz (2003) spolu experimentalné
kiizil jednak dva diploidni duhy, jednak diploidni (jako samiéi rostliny) a polyploidni
druh. Pfi smiSeni pylu H. alpinum s jinym diploidem vzniklo 19% autogamickych
potomkii, pii jeho kifZeni s polyploidem pak 100% autogamickych potomkii. Jedna se
tedy o prvni doklad poruchy autoinkompatibility u podrodu Hieracium s.str. (Mraz
2003). Oproti tomu u polyploidnich zastupci (3x, 4x, 5x) byla doposud zjisténa pouze
apomixe (agamospermie), spojend s partenogenetickym vznikem zygoty z neoplozené
neredukované vajecné bunky. Mechanismus apomixe u této skupiny je oznacovan
jako diplosporie typu Antennaria (Bergman 1941, Skawinska 1963, Gustafsson 1974,
Nogler 1984), pii které je poruseno meiotické déleni mateiské buinky megaspor a
vznika tak neredukovany zérodecny vak. Nékteré studie ale pfesto pripoustéji moznost
zbytkové sexuality i u polyploidnich druht (Bergman 1941). U triploidnich jedinctu
dochazi vétsinou i k poruse mikrosporogeneze, kdy pylova zrna ¢asto viibec nevzni-
kaji. Tetraploidni jedinci pyl produkuji vétsinou v dost omezené mite, jeho ticast pii

sexualnim rozmnozovani vSak zatim nebyla dokumentovana. V soucasnosti vime, ze
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6 Reprodukcni zpitisoby

u apomiktickych druht je variabilita fixovana a tim jsou jednotlivé taxony pomérné
dobfe vymezeny.

Podrod americkych jestiabnikti Chionoracium se zda byt (dostupnych udaji je
ale zatim velmi méalo) vyhradné sexuélné se rozmnozujici skupinou. Na rozdil od
podrodu Hieracium tu ale neni iplné jasné zastoupeni a role autogamie. Beaman
(1967-1968) sice izolaci ubori u druhu H. sphagnicola pritomnost autogamie neodhalil,
u H. mexicanum ale vznik plnych nazek po izolaci poukazuje na moznost autogamie.
V piipadé H. mexicanum se vSak mohlo jednat (i kdyZ je to dost nepravdépodobné)
o fertilni nazky vzniklé apomikticky. Sole (1988) uskutec¢nil stejny experiment u H.
mexicanum a H. abscissum. V ném byly u H. mexicanum ziskany pouze sterilni nazky,
H. abscisum produkovalo nazky fertilni. Zda se tedy, Ze zastoupeni autogamie je u
podrodu Chionoracium vySsi nez u ,pravych® jestfabniki.

Blizce ptibuzny rod Pilosella se zastoupenim jak sexualnich, tak i apomiktickych
typu blizi spise podrodu Hieracium, podil sexuality je tu ale mnohem vyssi a zbytkova
sexualita byla prokidzana i u apomiktii (na rozdil od Hieracium subgen. Hieracium je
tu ale jiny mechanismus apomixe, tzv. aposporie, pii které soubézné s apomiktickym
zéarodeénym vakem vznika i meioticky zarodeény vak (Rosenberg 1907, Pogan & Wecislo
1989)).

6.2 Metodika

Zpusob reprodukce byl zjistovan u vybranych péstovanych rostlin kazdého druhu, vzdy
byly pritom zahrnuty rostliny odebirané na molekularni analyzy a stanoveni velikosti.
U testovanych rostlin by také (az na vyjimky, kdy byl zjistén u jinych rostlin z téze
populace) zjistén pocet chromozomii. Zamérem bylo potvrdit apomikticky zptsob
reprodukce u polyploidnich rostlin (ptipadné zjistit zbytkovou sexualitu), a alogamii
(pfip. miru autogamie) u diploidnich sexuéalnich druhu. Byla pouzita metoda izolace
nebo kastrace ubort (Gadella 1987, Krahulcova & Krahulec 1999) a srovnani s po¢tem
plnych nazek z volného spraseni. Diploidni zéstupci obou podrodi byli testovani na

pfitomnost autogamie (za predpokladu vylouceni moznosti apomixe):

1. Nahodné vybrané zatim nerozkvetlé tbory byly izolovany pomoci monofilovych
sacka. Experimentalni opylovani v ramci kvétia/aboru nebylo provadéno, tj.
ziskana data ukazuji pouze podil tzv. ,pasivni“ autogamie. Sacky byly na tiborech

ponechany az do zralosti nazek, aby se zabranilo jejich siteni z iboru.

2. Soucasné s nazkami z izolovanych tubort byly sebrany nazky z kontrolnich tibort

(v pfipadé jednotibornych druhii z jiného jedince). V blizkosti rostliny byly vzdy
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dalsi rostliny stejného druhu, aby bylo umoznéno opyleni kontrolnich uborii.

3. Porovnani zastoupeni plnych nazek mezi soubory izolovanych a volnym sprasenim

vzniklych abor.

U polyploidnich zastupcti byla testovana apomixie s moznosti odhaleni zbytkové
sexuality. Pro kazdy druh byly idealné testovany vzdy dveé rostliny ze tii populaci
(tj. celkem 6 rostlin), pficemz na kazdé rostliné byly vybrany tii emaskulované a tii
kontrolni tibory. Paklize Slo o druh s mensim poc¢tem tbort, byly kontrolni ibory na

jiné rostliné z téze populace.

1. Néhodné vybrané zatim nerozkvetlé abory byly kastrovany (abor byl kolmo ca v
dolni 1/3 délky sefiznut ziletkou). Ubory byly zakryty monofilovymi sacky, aby
se zabranilo §ifeni zralych nazek z uboru. Metodou kastrace ibori byly ziskany

pouze nazky vzniklé apomikticky:.

2. Soucasné s nazkami z kastrovanych tubort byly sebrany nazky z kontrolnich
uboru (v pfipadé jednotbornych druht z jiného jedince). V blizkosti rostliny
byly vzdy dalsi rostliny stejného druhu, aby bylo umoznéno opyleni kontrolnich

uborn.

3. Bylo porovnani zastoupeni plnych nazek mezi soubory emaskulovanych a kont-

rolnich tbort, v rdmci jednoho druhu.

6.2.1 Statistika

Pfi testu apomixie jsou soubory porovnavany jak Studentovym t-testem tak nepara-
metrickym Mann-Whitney U testem. I pfesto, Ze data nemaji vzZdy normalni rozdéleni,
zda se byt t-test pro tuto analyzu dosti robustni. Veskeré statistické analyzy byly
zpracovany statistickym balikem "Statistika for Windows 6.0” (StatSoft 1984-2002)".

6.2.2 Posuzovani nazek

Zastoupeni fertilnich nazek se hodnotilo u kazdého sebraného tiboru. Fertilni nazky
vétSiny rostlin jsou tmavé, nafouklé (obsahuji endosperm) a pfi lehkém tlaku preparacéni
jehlou se nedaji promécknout (Obr. 6.1.). Naopak sterilni nazky maji barvu svétlou a jiz
pti lehkém tlaku preparac¢ni jehlou dojde k jejich promacknuti (neobsahuji endosperm,
Obr. 6.2). Jak tomu obvykle byva, je zde i skupina nazek neurc¢itého postaveni. Ty
maji svétlejsi barvu a ke spravnému urceni jejich fertility musi byt preparovany. Pii

preparaci mohou nastat tyto situace:
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1. Endosperm je nevyvinuty - nazku hodnotime jako sterilni.
2. Endosperm je nedovyvinuty - nazku hodnotime jako fertilni.

3. Endosperm je vyzrany - nazku hodnotime jako fertilni.

Obréazek 6.1: Plné nazka druhu H. glaucum All.

6.3 Vysledky

Apomixie (respektive piitomnost zbytkové sexuality) byla testovana u 18 polyploidnich
(2n = 27,36) druhtu s celkovym mnoZstvim 425 ubort. U vétSiny druhi oba testy
shodné neprokazaly odlisnosti mezi testovanymi skupinami kastrovanych a kontrolnich
ubori, nezavisle na ploidni trovni. Vyjimkou byl pouze druh H. glaucum, oba testy na
a = 0.05 prokézaly rozdil (Tab. 6.1). Vzhledem k vétsimu mnozstvi dat v testovanych
souborech H. glaucum se tento vysledek zda byt prokazatelny. Celkem u 7 diploidnich
druhu (cytotypt) podrodu Hieracium bylo izolacnimi pokusy testovano zastoupeni
autogamie. U témér vSech druhu byly vSechny nazky izolovanych tbort prazdné,
naopak v kontrolnich iborech (s moznosti opyleni) byla vét§ina nazek plnych. U druht
H. gouanii, H. porrifolium a H. umbellatum vzniklo po izolaci nékolik (méné nez 0.3%)
plnych nazek (Tab. 6.2).

Pouze jediny druh podrodu Chionoracium se podafilo analyzovat a ¢astecné objasnit

jeho reprodukéni moznosti. Tento druh Hieracium guatemalense produkoval po izolaci
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Tabulka 6.1: Vysledky testii porovnavajici zastoupeni plnych nazek mezi emaskulova-
nymi a kontrolnimi abory polyploidnich druhd. A) - Apomixie.

Druh t- test u-test Zpusob reprodukce
H. amplexicaule L. t=-0.42,df =29, p=0.68 u =189.5 452, p > 0.05 A
H. bifidum Kit. =-1.53,df =29, p=0.14 u=2801g13, p>0.05 A
H. bupleuroides C. C. Gmel. t=1.06, df = 26, p=0.30 u=2814513, p>0.05 A
H. caesium (Fr.) Fr. t=0.66, df = 16, p = 0.51 u=3246 p> 0.05 A
H. cerinthoides L. t=0.07,df =33, p=0,95 u = 143.5619, p > 0.05 A
H. glaucum All. t=2.05, df = 37, p = 0.047 u=110.5 145, p<0.05 A
H. humile Jacq. t=0.27,df=20,p=0,79 u=49 1 p>=0.05 A
H. laevigatum Willd. t=1,31,df =22, p=0,20 u=252 41, p>0.05 A
H. lachenalii Suter t=-0.18,df =32, p=0.86 u =100 1518, p > 0.05 A
H. murorum L. =-1.29,df =25, p=0.21 u =60 471, p > 0.05 A
H. olympicum Boiss. t=-0.03,df=7,p=0.97 u=6 72 p>0.05 A
H. pannosum Boiss. t=-0.67,df =6, p=0.53 u =100 1515, p > 0.05 A
H. prenanthoides Vill. t=1,62,df =17, p=0.12 u=36.5436 p>0.05 A
H. racemosum Waldst. et Kit. ex Willd. |t = -1.96, df = 23, p = 0.06 u=42 43, p>0.05 A
H. sabaudum L. t=1.21,df=47,p=0.23 u =207 236, p > 0.05 A
H. schmidtii Tausch t=-1.15,df =15, p = 0,269 u=3595 p>0.05 A
H. virosum Pall. t=-0.39,df =7, p=0.706 u=1736 p>0.05 A

Tabulka 6.2: Tabulka zastoupeni plnych nazek v souborech izolovanych a kontrolnich
ubortu diploidnich druha. AL) - Allogamie

Druh (pocet populaci) Mnozsvi Mnozstvi Mnozsvi Zastoupeni PrevaZujici
sebranych plnych nazek |sebranych plnych nazek |zpisob
izolovanych izolovanych [ kontrolnich kontrolnich reprodukce
ubort (ks) tbor( (ks, %) | uborl (ks) ubort (%)

H. cordifolium Lapeyr. (2) 19 0 12 55,05 AL

H. gouanii Arv.- Touv (1) 23 1(0,07%) 8 65,48 AL

H. kittanae Vladimirov (1) 7 0 - - -

H. porrifolium L. (4) 16 1(0,1%) 18 71,57 AL

H. sparsum Friv. (1) 7 0 8 12,02 AL

H. tomentosum L. (1) 8 0 13 24 .55 AL

H. umbellatum L. (1) 32 2 (0,1%) 13 31,91 AL
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Obrazek 6.2: Prazdné nazka druhu H. glaucum All

velké mnozstvi nazek. PTi porovnani mnozsti plnych nazek po izolaci a nazek vzniklych
volnym sprasenim, vSak nebyl prokdzan rozdil (t = -1.44, d.f. = 17, p = 0.17).
Rostliny bylo velmi obtiZzné péstovat. Proto nebyla pfitomnost apomixie experimentalné

vylouc¢ena.

6.4 Diskuze

P1i srovnani percentualniho zastoupeni plnych a prazdnych nazek u kastrovanych a
kontrolnich tbort se oba soubory dat vyznamné lisily pouze u H. glaucum. Tato roz-
dilnost vSak nedokumentuje zbytkovou sexualitu. Jak ukazaly primeéry porovnavanych
soubort, k vétsi produkci plnych nazek doslo ve skupiné kastrovanych tbort. Moznych
vysvétleni neni mnoho. Jednoduché, a zaroven realnid moznost je, Ze energie pivodné
smérovand do tvorby kastraci odstranénych generativnich organt, nasla uplatnéni pii
tvorbé nazek. To, ze se u zddného ze studovanych apomiktickych druhi neprokazala
zbytkové sexualita, neni nijak prekvapivy vysledek, vzhledem k dosavadnim studiim
tohoto typu (Antennaria) nepohlavniho rozmnozovani (Nogler 1984). Nogler popisuje
iplnou eliminaci meiotického déleni za vzniku neredukované samic¢i gamety a auto-
nomni vznik endospermu (ktery vylucuje pfitomnost dvojitého opyleni). Navzdory

témto faktim je dokumentovan, prozatim jediny, pripad zbytkové sexuality u nékolika
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druhi podrodu Hieracium (Bergman 1941). Redukéni déleni a vznik pylovych zrn
také podléha radé degenerativnich zmén zapficinujicich sterilitu pylu (Rosenberg 1927,
Gentcheff 1937, Gentcheff & Gustafsson 1940, Aparicio 1994). Pyl ve vétsiné pripadi
viibec nevznika. Ojedinélost zbytkové sexuality také podporuje fakt, ze dosud nebyla
dokumentovana ucast polyploidnich cytotypt na hybridizaci. Vysledky experimental-
nich pokusit mohou byt zkresleny mnoha faktory ¢i metodickymi chybami. Samotna
Spatné provedena kastrace muze poskodit generativni organy a snizit pocet plnych
nazek v iboru. Velkym a Spatné ovlivnitelnym tskalim je sbér kontrolnich tibort. Casto
maly pocet soucasné kvetoucich rostlin snizuje pravdépodobnost preletu opylovace
praveé mezi témito rostlinami. Problematiku opylovani ovliviiuji i klimatické podminky;,
kdy pti chladném pocasi klesa aktivita opylova¢ti na minimum. Tyto faktory mohou
vyrazné ovlivnit odhaleni, jiz tak skoro mytického jevu, zbytkové sexuality.
Autogamie je v podrodu Hieracium i v rodu Pilosella velmi vzacnym jevem. Veskeré
dokumentované pripady se spiSe daji povazovat za poruchu autoinkompatibility nez za
typickou autogamii, jak ji zname u mnoha jinych druht. Jedna se o tzv. ,mentor effects",
v piipadé podrodu Hieracium zatim prokédzany zatim jen u nékolika druhi, v pripadé
rodu Pilosella pak napt. u P. lactucella a P. officinarum (Krahulcova & Krahulec
1999). Zjistén byl ale i u rodu Helianthus (Desrochers & Rieseberg 1998), Tarazacum
(Menken et al. 1989, Tas & Van Dijk 1999) a druhu Paspalum notatum (Burton &
Hanna 1992). Vysvétleni nékolika (3) plnych nazek u izolovanych abora H. recoderi,
H. porrifolium a H. umbellatum neni jasné, spiSe nez o vysledek samospraseni ale
miuze jit o ndhodné zaneSeni ciziho pylu pfes netésnosti v izola¢nim sacku. Povazovat
vSak vznik téchto plnych nazek za diikaz autogamie by bylo vice nez odvazné.
Jediny testovany druh podrodu Chionoracium po izolaci ibori prokazatelné produ-
koval plné nazky ve stejné mife jako pti volném kveteni. Toto ,neuplatnéni” allogamie
pii pohledu na Obr. 6.3 neni tak zifejmé. Odlehlé hodnoty poukazuji na to, ze nékteré
ubory ve skupiné kontrolnich uborii opravdu produkovaly vice nazek. Ostatni hodnoty,
shodné svym mnozstvim plnych nazek s izolovanymi kvéty, mohou byt diisledkem
nepiitomnosti jinych kvetoucich jedinct. Tento nepfimy naznak autogamie teoreticky
vylucuje tcast apomixie. Ta by neméla byt ovlivnéna izolaénimi pokusy a tak pro-
dukovat stejné mnozstvi fertilnich nazek v obou skupinach ubort. Podobné vysledky
bez vylouceni apomixie publikoval Beaman (1967-1968) u druhu H. mezicanum a
Solle (1988) u druhu H. abscisum. Solle (1988) soucasné neprokazal autogamii u druhu

H. mexicanum.
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Obrazek 6.3: Graf procentuelniho zastoupeni plnych nazek v izolovanych a kontrolnich
uborech druhu Hieracium sp .
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7.1 Uvod

Velikost genomu se stala v posledni dobé ¢asto pouzivanym taxonomickym nastrojem.
Sirsi rozvoj studii zaméFenych na velikost genomu Uzce souvisi s rozvojem metody
prutokové cytometrie, ktera se zacala v botanickych oborech pouzivat pocatkem
80. let 20. stoleti (Galbraith et al. 1983, Sharma at al. 1983, Laurie & Bennett
1985). Velky rozmach této metody ale zapocal az o deset let pozdéji (Dolezel et
al. 1994, Bennett & Leitch 1995, Bennett & Leitch 2005). Prvni udaje o velikosti
jaderného genomu a jeho variabilité u vyssich rostlin vSak pochézi jiz z poloviny 20.
stoleti (Swift 1950). Pri¢iny a divody variability jsou vysvétlovany mnoha riznymi
mechanizmy. Nejdiive se predpokladalo, Ze variabilita je generovana pouze jednosmérné
,one way ticket to genome obesity“, kde diivodem rustu je mechanizmus polyploidizace a
pritomnosti retroelementt v genomu (Flavell et al. 1977, Barakat et al. 1997, Bennetzen
& Kellogg 1997). V soucastnosti jiz vime, Ze k ristu ¢ poklesu pfispiva i mnoho
jinych mechanizmii. Vysledné zmény jsou pak hlavné vysledkem rychlosti a poméru
inserci/deleci (Petrov 2002), selekce transpozoni (Morgan 2001) a nestejnomérnych
rekombinaci (Wendel et al. 2002, Bennetzen et al. 2005).

Interpretace ¢asto pomérné zna¢nych rozdili ve velikosti genomu je zna¢né obtizna
a bez znalosti evolu¢ni historie piislusné skupiny casto az nemozné. Studii zabyvajicich
se evoluci velikosti genomu ve fylogenetickém kontextu (rekonsrukce na zakladé
molekularnich dat) je ale zatim velmi malo (napf. Albach & Greilhuber 2004, Price
et al. 2005, Weiss-Schneeweiss et al. 2006). Zna¢né pozornost byla v posledni dobé
vénovana velikosti jaderného genomu v polyploidnich komplexech. D& se Tici, ze
polyploidni zéstupci maji nizsi hodnoty velikosti genomu (1Cx) nez diploidni. Tento
trend zvany ,downsizing” se stal v soucasnosti obecnym modelem (Keelogg & Benetzen
2004, Leitch & Bennett 2004). Pfi¢inou tohoto jevu jsou pravdépodobné vyse zminéné
mechanizmy. Je vSak dokumentovan i opa¢ny jev, napf. u tetraploidniho cytotypu
druhu Orobanche transcaucasica (Weiss—Schneeweiss et al. 2006). Autofi vysvétluji
tento antagonismus teprve nedavnym vznikem zminéného polyploidniho cytotypu.

Kratky ¢as nedovolil vyraznéjsi redukei genomu, hypotéza je podporena molekularnimi
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daty. Pfi snaze vysvétlit rozdily ve velikostech genomu jsou ¢asto testovany i korelace s
riznymi ekologickymi a geografickymi faktory. Jsou dokumentovany korelace genomu s
nadmoiskou vyskou u rodu Dactylis (Reeves et al. 1998), Berberis (Bottini et al. 2000),
Veronica (Albach & Greilhuber 2004) a Centaurea (Bancheva & Greilhuber 2006) ¢i
s kontinentalitou u rodu Cheirolopus (Garnatje et al. 2007) a Cirsium (Bures et al.
2004). Jasnéjsi se zda byt korelace s reprodukénimi mechanizmy ¢ zivotni strategii
(napf. Albach & Greilhuber 2004). Autoti zde dokumentuji prokazatelné nizsi velikost
genomu jednoletych rostlin rodu Veronica vzhledem k viceletym druhtm.

Vzhledem k tomu Ze vnitrodruhové variabilita ve velikosti genomu je zfejmé obecné
velmi mala (napt. Murray 2005), mtze byt také dilezitym znakem pro vymezeni druhi.
Rozdily ve velikosti genomu u blizce pribuznych druht pak umoznuji rozpoznavat
kiizence, kteff maji hodnotu velikosti genomu mezi hodnotami rodicovskych druhi
(Buitendijk et al. 1997, Thalmann et al. 2000, Zonneveld 2001, Sisko et al. 2003, Bures
et al. 2004, Baack et al. 2005, Zavesky et al. 2005, Suda et al. 2007).

Rod Hieracium s.1. se nemiize py$nit mnoha zaznamy mapujicimi variabilitu velikosti
genomu (Brautigam & Bréutigam 1996, Suda et al. 2007). Rozsahlejsi prace (Suda et
al. 2007) postihla variabilitu 24 hlavnich druhi véetné péti hybridnich. Obé tyto préce
se v8ak vénuji pouze rodu Pilosella. Zde studované skupiny jsou timto fenoménem

netknuty.

7.2 Metodika

Velikost genomu (2C) byla méfena metodou pritokové cytometrie piistrojem Partec
Cyflow vybavenym zelenym laserem (532 nm) jako excitatorem PI. Veskera data se
podarilo ziskat diky Laboratofi priutokové cytometrie Botanického ustavu AV CR a
laboratori Katedry botaniky Ptirodovédecké fakulty Univerzity Karlovy. Jako interni
standard pro diploidni cytotypy byla pouzita Zea mays L. ,CE-777¢, 2C = 5.48 pg
(Lysék & Dolezel 1998) a pro polyploidni cytotypy Pisum sativum L. ,Ctirad®, 2C =
8.85 pg (Dolezel et al. 1994, Suda et al. 2007). Pfed samotnou analyzou byl kazdy vzorek
podroben piipravé léty osvédéenou dvoufazovou metodou (Otto 1990): Pokud mozno
mladé intaktni listy (cca 1 cm?) byly nasekany spole¢né s odpovidajicim mnozstvim
standardu a 1 ml vychlazeného roztoku Otto I v malé plastové Petriho misce. Osti{
ziletky pouzité ke fragmentaci a vyplaveni jader do roztoku bylo pouzito vzdy jen
jednou. Ziskany roztok byl pfefiltrovin pres 42 pum nylonovy filtr a centrifugovan
5 minut pfi 150 g. Odstranénim supernatantu a znovupromichédnim peletu se 100
wul roztoku Otto I byl roztok pripraven k analyze. Po 10 minutové inkuba¢ni dobé

byl vzorek obarven 1 ml Otto II ve smési s RNase ITA, PI (oboji v koncentraci 50
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pl mI't a B-mercaptoetanolem v koncentraci 2 pl ml™.Po asi 5 minutové inkubacni
dobé byl vzorek podroben analyze prutokovou cytometrii. Konec méfeni byl ohranic¢en
5000 analyzovanymi jadry. Hodnoty velikosti genomu (2C) byly odecteny z grafického
vystupu, jako linearni zavislost mezi pikem standardu o znamé velikosti genomu a
pikem vzorku. V koneéné fazi byly hodnoty prepoc¢teny ve vztahu k jednomu zvolenému
standardu Zea mays L. ,CE — 777, 2C = 5.48 pg (Lysak & Dolezel, 1998). Kvili
odstranéni piipadnych artefaktt byl kazdy vzorek zméren tiikrat ve tiech riznych
dnech. Pokud chyba méfeni presahovala 2%, analyzy se opakovaly az do sniZeni

hodnoty pod tuto hranici.

7.2.1 Statistika

Veskeré statistické analyzy byly zpracovany statistickym balikem ,Statistika for Win-
dows 6.0 (StatSoft 1984-2002)“. Pii statistickém zpracovani vnitrodruhové variability
jsou populace druht H. bupleuroides, H. prenanthoides, H. pannosum, H. pilosum
a H. villosum posuzovany jako samostatné entity. Tuto separaci podpofili hlavné
vysledky molekularni fylogeneze, kde ETS sekvence odhalily hybridni piivod ¢i in-
trogresi u nékterych populaci druhi H. bupleuroides, H. prenanthoides, H. pilosum,
H. wvillosum; Fehrer et al. in prep.). Stejné posuzovan byl i druh H. pannosum, jehoz
dvé populace vykazovaly velkou vnitrodruhovou variabilitu velikosti genomu a zaroven
byly zastoupeny odlisnymi cytotypy. Tyto samostatné skupiny jsou v rdmci druhu
oznaceny jako I. a II. (Tab. 7.2).

1. Rozdily ve velikosti genomu (1Cx) v celkovém souboru druhti byly testovany
analyzou variance (ANOVA), rozdily mezi jednotlivymi druhy pak naslednym
(post hoc) Scheffého testem.

2. 'V dalsim kroku bylo testovano jak velikost genomu koresponduje s hlavnimi lini-
emi (pracovné nazvanymi,yvychodni* (E) a,zapadni“ (W)) rozliSenymi na zakladé
molekularni fylogeneze a zda na zakladé sekvenci ETS hybridni/hybridogenni
druhy mezi ,zapadni* a ,yychodni* skupinou (Fehrer et al. in prep.) maji také
také velikost genomu odpovidajici tomuto intermediarnimu postaveni. Populace,
klasifikované jako hybridogenni/hybridni mezi jiz zminénymi hlavnimi liniemi,
byly rozdéleny do tfech skupin dle jejich piibuznosti (podobnosti ETS sekvenci)
k jedné ze skupin: 1) hybridogenni/hybridni druhy majici stejné zastoupeni
sekvenci od obou linii (X), 2) hybridogenni/hybridni druhy majici typem ETS
bazi vétsi afinitu k ,zapadni linii (X(W)), 3) hybridogenni/hybridni druhy
majici typem ETS bazi vétsi afinitu k ,yvychodni* linii (X(W)). Rozdily mezi
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takto definovanymi skupinami byly porovnavany analyzou variance (ANOVA) a
nasledné Scheffého testem. Testy byly provadény ve dvou variantach, lisicich se
zafazenim /vylouc¢enim druhu H. transylvanicum, ktery mé svymi vlastnostmi
dosti vysostné postaveni. Jeho ETS typ sekvence ho radi do "zapadni” skupiny.
Velikosti genomu a svym arealem vyskytu vSak spiSe prokazatelné spada do

vychodni linie.

3. Pro vyjadieni korelaci mezi velikosti genomu (1Cx), chromozémovym ¢islem (2n
= 18, 27, 36) a reprodukéni strategii (sexuél, apomikt) bylo pouzito Spearmanova
neparametrického korela¢niho koeficientu (r). Pfi hledani korelaci mezi velikosti
genomu a zemépisnou délkou, zemépisnou sitkou ¢i nadmotskou vyskou bylo opét
pouzito Spearmanova korela¢niho koeficientu. Korelace se zemépisnou délkou byly
testovany se v8emi studovanymi druhy (bez znalosti molekularni fylogeneze) a
nasledné pak pouze s druhy (populacemi) podrobenymi molekularnim analyzam.
Oba tyto pristupy byly také modifikovany absenci druht se Sirokym arealem

(H. bifidum, H. lachenalii, H. laevigatum, H. murorum a H. umbellatum).

7.3 Vysledky

Aby mohly byt vystupy z cytometrické analyzy pouzity k dalsi interpretaci je nutna
pohybovala v rozmezi 0.83 az 5.76% s prumeérem 2.23%, hodnota pikt standardu
se pohybovala v rozmezi 0.97 az 5.0% s pramérem 2.14% (Tab. 7.1). Hodnoty piku
standardu Pisum sativum. byly ve vétsiné pripadi nizsi nez hodnoty standardu Zea

mays.

7.3.1 Genom podrodi Hieracium a Chionoracium

V této praci byly zjistény velikosti genomu u 238 rostlin z 92 populaci, patticich
43 druhiam rodu Hieracium s. str. (populace hodnocené jako samostatné celky zde
nejsou brany v uvahu) a 3 druhim rodu Chionoracium (Tab. 7.2). Mezi podrody
je statisticky vyznamny rozdily (t = - 15.1405, d.f. = 236, p < 0.001), pramérnou
hodnota 1Cx je 3.86 pg pro podrod Hieracium a 4.89 pg pro podrod Chionoracium
(Obr. 7.1). V ramci podrodu Hieracium se holoploidni velikost genomu (2C) pohybuje
v rozmezi od 7.03 pg u diploidniho druhu H. stelligerum po 16.67 pg u tetraploidniho
cytotypu H. pannosum (Obr. 7.2). 1Cx hodnoty se pohybuji v rozmezi od 3.51 pg u
H. stelligerum (Obr. 7.3) po 4.34 pg u H. virosum (Obr. 7.4). 1Cx hodnota je nejéastéji
zastoupena v rozmezi 3.5-3.6 pg (Obr. 7.5). V ramci diploidnich druhu (cytotypu u
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Tabulka 7.1: Primérné hodnoty CV pro jednotlivé druhy

Druh CV vzorku krajni CVv krajni
(prdmér) hodnoty standardu | hodnoty
(primér)
Hieracium s. str.
H. alpinum L. 2,15 1,44-2,87 1,91 1,01-2,75
H. amplexicaule L. 2,19 1,62-2,93 2,23 1,26-4,99
H. bifidum Kit. 2,20 1,73-2,92 2,46 1,93-3,64
H. bracteolatum Sibth. & Sm. 2,53 1,99-3 2,91 1,79-4,91
H. bupleuroides C. C. Gmel. 2,10 1,53-2,95 2,05 1,42-2,83
H. caesium (Fr.) Fr. 2,74 2,12-2,75 2,30 2,11-3,49
H. cerinthoides L. 217 1,71-2,48 2,23 1,66-2,72
H. cordifolium Lapeyr. 2,03 1,44-2,86 2,02 1,08-2,86
H. eriophorum St.-Amans 2,25 1,11-3 2,47 1,68-3,24
H. glaucum All. 1,90 1,36-2,73 1,84 1,25-2,57
H. gouani Arv.-Touv 1,77 1,23-2,39 1,79 1,1-2,65
H. gymnocephalum Griseb. ex Pant. 3,98 1,83-7,81 3,64 2,73-4,72
H. gymnocerinthe Arv.-Touv. & G. Gaut. |2,22 1,67-2,62 2,07 1,7-2,63
H. heterogynum (Froel.) Guterm. 1,94 1,06-2,56 2,48 2,12-2,98
H. humile Jacq. 2,35 1,68-2,86 2,02 1,49-2,85
H. kittanae Vladimirov 1,97 1.25-2.86 1,78 1,27-2,4
H. laevigatum Willd. 2,28 1,46-2,98 2,00 1,18-2,65
H. lachenalii Suter 2,47 1,91-2,95 2,06 1,46-2,63
H. lawsonii Vill. 2,37 2,04-2,78 1,99 1,47-2,35
H. murorum L. 2,01 1,3-2,68 1,92 1,21-2,63
H. naegelianum Pangi¢ 2,38 1,57-2,96 2,04 1,48-2,96
H. olympicum Boiss. 2,94 1,48-4,01 1,84 1,67-2,11
H. pannosum Boiss. 2,31 1,36-3,64 2,13 1,01-2,95
H. petrovae Vladimirov & Szelag 2,38 2,15-2,68 1,93 1,58-2,47
H. pictum 2,51 1,71-2,98 2,36 1,82-3
H. piliferum Hoppe 2,29 1,71-2,95 2,18 1,62-3,21
H. pilosum Schleich. ex Froel. 2,23 1,56-2,84 2,16 1,74-2,82
H. plumulosum A. Kern. 2,33 1,66-2,69 2,26 1,47-2,74
H. porrifolium L. 1,47 0,83-2,8 1,56 0,97-2,65
H. prenanthoides Vill. 2,35 1,44-2,99 2,32 1,68-2,95
H. racemosum Waldst. et Kit. ex Willd. 2,24 1,55-2,81 2,26 1,61-2,95
H. ramondii Griseb. 2,32 1,84-2,76 1,95 1,65-2,26
H. recoderi De Retz 2,07 1,42-2,62 1,89 1,1-2,58
H. sabaudum L. 2,01 1,45-2,5 1,99 1,57-2,38
H. schmidtii Tausch 1,93 1,38-2,82 2,02 1,27-2,97
H. sparsum Friv. 2,27 1,75-2,92 2,94 2,63-3,59
H. stelligerum Froel. 2,26 1,6-4,5 2,12 1,05-4,55
H. tomentosum L. 1,99 1,38-2,7 1,92 1-3,35
H. transsilvanicum Heuff. 1,68 1,14-2,16 1,48 1,09-1,82
H. umbellatum L. 2,33 1,568-2,99 2,43 1,65-3,59
H. villosum Jacg. 2,20 1,56-2,89 2,78 1,81-5
H. virosum Pall. 2,65 1,67-5,76 2,48 1,65-4
Chionoracium
H. guatemalense Standley & Steyermark |2,15 1,78-3,6 1,80 1,09-2,99
H. scabrum Froel. ex DC. 1,54 1,18-2,38 1,70 1,19-2,66
Hieracium sp. 1,71 1,3-2,31 1,61 1,16- 2,6
Celkovy primér 2,23 2,14
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Obrazek 7.1: Diagram ukazujici rozdily monoploidni velikosti genomu mezi podrody
Hieracium a Chionoracium.

Foget rostlin

{7 365,8,031]
{8,031:6 596]
8,696:9,361]
(13,353,14,019]
(14019:14 684]
(14 554:15,349]
(15,349,16,015]) =

)
]
m—
o
e
is]
w
o]
—

{@.361:10,027)
(10,027:10 592]
(10 692:11 ,357]
(11,357:12,023]
(12 02312 680]

Holoploidni velikost genomu

Obrazek 7.2: Histogram 2C hodnot velikosti genomu podrodu Hieracium.
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Obrazek 7.3: Vystup z cytometrické analyzy zaznamenavajici nejmensi nalezeny genom
(Cx) diploidniho druhu H. stelligerum. Pomér piku standardu (1) vici piku vzorku
(2) je 1.294. CV vzorku - 1.97 a CV standardu (Zea mays) - 1.66.
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Obrazek 7.4: Vystup z cytometrické analyzy zaznamenévajici nejvétsi nalezeny genom
(Cx) triploidniho druhu H. virosum. Pomér piku standardu (1) vaéi piku vzorku (2)
je 1.432. CV vzorku - 1.96 a CV standardu (Pisum sativum) - 1.83
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Monoploidni velikost genomu

Obrézek 7.5: Histogram Cx hodnot velikosti genomu podrodu Hieracium.

multiploidnich druhi) se hodnoty 1Cx pohybuji v rozmezi od 3.51 pg u H. stelligerum
po 4.29 pg u H. plumulosum (s prumérem 3.92 pg), u triploidnich zastupct (cytotypi)
v rozmezi od 3.53 pg u H. bifidum do 4.35 pg u H. virosum (s pramérem 3.81 pg),
u tetraploidnich druhti (cytotypy) v rozmezi od 3.56 pg u H. humile do 4.17 pg
u H. pannosum II. (s pramérem 3.79 pg). Analyza variance prokézala signifikantni
rozdily 1Cx mezi v8emi druhy (Fu7173= 179.72, p < 0.001). Scheffého test oddélil na
hladiné (a= 0.01) 15 skupin (Tab. 7.2). Prokazatelné byly i rozdily v ramci ploidnich
trovni 2x (Fyg so= 576.75, p < 0.001), 3x (F3p 74= 69.58, p < 0.001) a 4x (F7 10=
149.03, p < 0.001). U podrodu Chionoracium (dokumentovany jen diploidni druhy) se
hodnoty 2C pohybuji v rozmezi od 9.24 pg u Hieracium guatemalense sp. po 10.14 pg
u Hieracium sp. (pramér 9.78 pg).

7.3.2 Vnitrodruhova variabilita

Vnitrodruhova variabilita byla hodnocena u 41 druht podrodu Hieracium (vSechny
druhy s vyjimkou H. petrovae a H. plumulosum kde byla méfena vzdy pouze jedna
rostlina) a 3 druht podrodu Chionoracium. Pramérné 2C hodnoty se stfedni chy-
bou, krajnimi hodnotami, 1Cx hodnotami pro druhy i populace a vnitropopula¢ni
variabilitou jsou shrnuty v tabulce 7.2 Variabilita 1Cx se pohybovala v rozmezi od
0.24 % u H. gymnocephalum a H. heterogynum po 7.2 % u H. pannosum. Zvolenou
hranici vnitrodruhové variability 3.5 % (Suda et al. 2007) ptrekroc¢ilo 7 druha (H.
amplexicaule, H. bupleuroides, H. laevigatum, H. pannosum, H. pictum, H. piliferum

a H. prenanthoides). Pokud v8ak posuzujeme jednotlivé populace H. bupleuroides,
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7 Velikost genomu

H. prenanthoides a H. pannosum samostatné (vzhledem k vysledkim molekularnich
analyz, které spiSe ukazuji na moZnost introgrese a morfologickym odlisnostem) jejich
vnitrodruhova variabilita nepiekracuje 3.5% (viz metodika). Vnitrodruhova variabilita
podrodu Chionoracium dosahuje u druht Hieracium sp. 1.4 %, H. guatemalense

0.57 % a H. scabrum 0.31 %.

7.3.3 Korelace velikosti genomu s molekularni fylogenezi

P1i hledéani pripadnych souvislosti s vysledky molekularni fylogeneze (ETS sekvenci)
(Fehrer et al. in prep.) byly pouzity jen populace zahrnuté v molekularnich analyzach

(tab. 7.2). Fylogeneticka rekonstrukce rozdélila jestiabniky podrodu Hieracium do

dvou hlavnich linii ¢asteéné odpovidajicich jejich geografickému rozsiteni (Obr. 7.6).
H. lawsonii 'western'
o"ﬁ[H. recoderi c Ia de
H. ramondii
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-H. stelligerum H. gouani (W)
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F—H. alpir
1.00 pinum
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. eastern
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L1 ki clade
1.00 H. kittanae
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Andryala integrifolia
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Obrazek 7.6: Fylogeneticky strom na bazi ETS bazi (Fehrer et al.)
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7 Velikost genomu

15 populaci tfinacti druha (dvé populace H. humile a H. prenanthoides 1.) spadaji-
cich do ,zapadni“ linie ma holoploidni velikosti genomu (2C) v rozsahu od 7.03 pg u
diploidniho H. stelligerum do 14.25 u tetraploidniho zastupce H. humile. Monoploidni
velikost se pohybuje v rozmezi 3.51 pg u H. stelligerum az 4.28 pg u H. transylvanicum.
Po vylou¢eni druhu H. transylvanicum (viz kapitola 7.2.1) se jako hrani¢ni ukézala
populace H. tomentosum s 3.57 pg. Do druhé linie, pracovné nazvané ,yychodni, spada
14 populaci tfinacti druht (dvé populace H. villosum), s rozsahem 2C hodnot od
7.78 pg u diploidniho H. porrifolium po 15.71 pg u tetraploidniho druhu H. villosum.
Monoploidni velikost genomu se u této skupiny pohybuje v rozmezi od 3.63 pg u
H. naegelianum do 4.35 pg u H. virosum. Rozdily mezi témito skupinami se ukazaly
jako statisticky signifikantni jak pii zafazeni H. transylvanicum do ,zapadni* skupiny (t
= -5.34, d.f. = 27, p < 0.001), tak po jeho vyfazeni z této skupiny (t = -7.55, d.f. = 26,
p < 0.001). Po pridani t¥eti skupiny druhi (populaci) do analyzy, vyhodnocené ETS
daty jako hybridogenni mezi dvémi hlavnimi liniemi (vychodni a zépadni), se rozdily
ukazaly stale jako signifikantni o = 0.01 (F = 17.96, d.f. = 44, p < 0.001) i po vyfazeni
H. transylvanicum (F = 27.82, d.f. = 43, p < 0.001). Scheffého test vsak oddélil na
hladiné o = 0.05 pouze 2 skupiny, prvni samostatna ,zapadni‘ linie a druha obsahujici
,vychodni* linii i hybridogenni skupinu. Po rozé¢lenéni hybridogennich populaci do tii
skupin (X (W), X, X (E)), analyza variance prokézala signifikantni rozdily jak s H.
transylvanicum (F = 16.75, d.f. = 42, p < 0.001), tak i bez néj (F= 29.13, d.f. =41, p
< 0.001) (Obr. 7.7). Scheffého test oddélil, pii zafazeni H. transylvanicum do analyzy,
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Obrazek 7.7: Porovnani velikosti genomu (1Cx) skupin podrodu Hieracium oddélenych
molekularni fylogenezi (bez H. transylvanicum).

ale jen dvé skupiny (o = 0.05). Do prvni spadéa zapadni (W) a ji blizce piibuzna
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7 Velikost genomu

X(W), do druhé patii vychodni, ji pfibuzna X(E) a hybridogenni (X).

7.3.4 Korelace velikosti genomu s ploidii, reprodukcni strategii

a ekologickymi faktory

Monoploidni velikost genomu (1Cx) diploidnich rostlin je statisticky vyznamné odlisna
od velikosti genomu u triploida (t = 2.6, d.f. = 201, p = 0.009) a tetraploida (t = 2.05,
d.f. = 114, p = 0.042). Rozdily mezi polyploidnimi cytotypy ale jiz prikazné nejsou.

Pfesto je na grafu (Obr. 7.8) patrny trend poklesu velikosti genomu s rostouci ploidii

45
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ploidni draven

Obrazek 7.8: Graf ukazujici na trend poklesu velikosti genomu s rostouci ploidni
arovni.

(genome downsizing). Pouziti neparametrického korela¢niho testu tato data podpotilo
(r =-0.185, p = 0.06). 1Cx, vztazena k prevazujicimu reprodukénimu mechanizmu
(2x jsou povazovany za sexualné se mnozici druhy a 2x a 4x za apomikty), ukazala
signifikantni rozdily (t = 2.97, d.f. = 219, p = 0.003) (Obr. 7.9). Praméry 3.92 pg (2x)
a 3.82 pg (3x, 4x) tzce koresponduji s priaméry ploidnich trovni.

Pti pokusech nalézt korelace velikosti genomu s faktory prostiedi se jako nejduaveéry-
hodnéjsi ukazala zemépisna délka (r = 0.45, p < 0.0001). Po vylou¢eni druhu s velkym
aredlem (kde vyznamné zéalezi na misté sbéru vzorku) (H. bifidum, H. lachenalii,
H. laevigatum, H. murorum, H. sabaudum a H. umbellatum), se sila korelace jesté
zvysila (r = 0.52, p < 0.0001). Pokud byly brany v uvahu vysledky fylogenetické
rekonstrukce na zakladé sekvenci ETS a do korela¢ni analyzy zafazeny jen populace
pouzité v molekularnich analyzach, sila zavislosti znovu vzrostla (r = 0.619, p <

0.001). Po odebréni jiz zminénych druhu s velkym aredlem a druhu H. transylvanicum
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Obréazek 7.9: Porovnani velikosti genomu (Cx) mezi skupinami s odlisnymi reproduké-
nimi moznostmi.

doglo k opétovnému navyseni korela¢niho koeficientu (r = 0.647, p < 0.001). Tato
posloupnost poukazuje na to, Ze spiSe nez geografickd poloha jednotlivych druhi,
primarné koresponduje velikost genomu s vyvojovymi vztahy (r = 0.647, p < 0.001).
Z4dna korelace 1Cx se zemépisnou Sitkou (r = 0.12, p = 0.28) & nadmoiskou vyskou
(r =-0.27, p = 0,012) nebyla prokazana.

7.4 Diskuze

7.4.1 Variabilita velikosti genomu rodu Hieracium

V této praci jsou poprvé zvefejnény hodnoty velikosti genomu u podrodu Hieracium
a Chionoracium. Velikosti genomu u blizce pribuzného rodu Pilosella se jiz diive
zabyvali Brautigam & Brautigam (1996), soubornou studii pak publikovali Suda et
al. (2007). Vsechny t¥i skupiny se pfi x = 9 svymi 2C hodnotami pfekryvaji. Vyssi
cytotypova variabilita podrodu Pilosella (2x - 8x), v kontrastu s mensim zastoupenim
vyssich cytotypovych trovni podrodu Hieracium (2x - 5x) a Chionoracium (2x), tento
jev rozumné vysvétluje. Monoploidni velikosti (1Cx) se jiz neptekryvaji, a tak tyto
podrody vyrazné oddéluji. Cx hodnoty skupiny Pilosella (Suda et al. 2007) jsou
nizsi, intermediarni pozici ma skupina Hieracium a nejvyssich hodnot (jiz ne tolik
odlisnych) dosahuje skupina Chionoracium (Tab. 7.3). Vyrazné mensi rozdily Cx
mezi Hieracium—Chionoracium nez mezi Pilosella — Hieracium poukazuji na blizsi

vyvojové vztahy podrodia Hieracium a Chionoracium. Tato informace koresponduje
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7 Velikost genomu

Tabulka 7.3: Porovnani genomu ,podrodu“ rodu Hieracium .

Skupina Cytotypova variabilita | Krajni hodnoty 2C (pg) | Krajni hodnoty Cx (p
Pilosella (Suda et al. 2007) 2X - 8x 3.53-15.30 1.72-2.16
Hieracium s. str. 2X - 5x 7.03-16.67 3.51-4.34
Chionoracium 2X 9.21-10.21 4.61-5.11

s vysledky prace rekonstruujici evolué¢ni vztahy téchto podrodi pomoci ITS a ETS
sekvenci jaderné DNA. Hieracium a Chionoracium tu tvori samostatnou vyvojovou
linii viéi linii zahrnujici rod Pilosella (Fehrer et al. 2007). Odlisna velikost genomu
tzce souvisi s velikosti chromozémii. Chromozémy Hieracium s. str. jsou vyrazné vétsi
nez chromozémy zastupcu rodu Pilosella, coz mize byt zptisobené nahromadénim

repetetivnich sekvenci. K poznani genomu rodu Hieracium vsak chybi stale mnoho.

7.4.2 V/nitrodruhova variabilita

U vétSiny druhtt zahrnutych v této préci, je vnitrodruhova variabilita velmi nizka
(napt. H. alpinum 0.76%, H. cerinthoides 0.56%). Stanovenou hranici 3.5% prekro-
¢ilo jen sedm ,hlavnich druhu - H. piliferum (3.89%), H. amplexicaule (3.95%),
H. bupleuroides (4.2%), H. laevigatum (4.28%), H. pictum (5.14%), H. prenanthoides
(7.02%) a H. pannosum (7.2%). Zde je na misté zamyslet se, ¢im mohou byt tyto
konceptem druhu, jeho ohrani¢enim, morfologickou slozitosti ¢i pouze Spatnou znalosti
morfologické variability. Samotna vysokd hodnota je nam tedy napovédou a je tieba
provérit, zda nami hodnoceny druh nezahrnuje taxonomicky odlisné entity (Greilhuber
& Speta 1985, Murray 2005). Tak tomu je i v piipadé podrodu Hieracium, data
ziskana z ETS sekvenci (Fehrer et al. in prep.) ukazuji hybridni/hybridogenni ptavod
také u druhu H. laevigatum, H. amplezicaule a H. piliferum, ¢imz muze byt vysoka
vnitrodruhové variabilita ¢astecné vysvétlena (jednotlivé populace mohly vznikat
nezévisle na sobé). Podobné u druht H. prenanthoides, H. bupleuroides, H. pilosum a
H. villosum molekularni fylogeneze odhalila moznost polytopniho vzniku. Konkrétné u
H. prenanthoides molekularni analyza ukazala odlisny ptivod u kazdé ze tii populaci,
pficemz jedinec ptivodem z Andory vykazuje vlastnosti hybrida mezi Z a V linii (viz
fylogeneze). Po rozdéleni populaci do samostatné vystupujicich skupin se variabilita
u prvni snizila na 1.96% a u druhé na 0.24 %. Tento druh je také jediny u kterého
byla variabilita prokazana pii spolec¢né analyze odlisnych populaci H. amplexicaule
(Obr. 7.10). Kone¢né samotnéa piitomnost vice cytotypt u H. amplezicaule 3x/4x, H.

prenanthoides 2x/3x a H. pannosum 3x/4x poukazuje na jejich mozny mnohonasobny
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Obrazek 7.10: Vystup z cytometrické analyzy dvou odlisnych populaci H. amplezicaule
potvrzujici nalezenou vnitrodruhovou variabilitu.

vznik, jako ptivodce vnitrodruhové variability. Pfi¢inou vysoké vnitrodruhové variabi-
lity H. pictum je prokazatelné artefakt. Toto rozhodnuti podporuje i fakt, ze variabilita
byla nalezena uvniti populace o dvou rostlinach. Tyto argumenty ve vysledku ukazuji,
ze u rodu Hieracium s. str. nebyl odhalen jasny doklad vnitrodruhové variability
nehybridogennich druhi. V préci zabyvajici se rodem Pilosella (Suda et al. 2007)
taktéz nebyla dokumentovana vnitrodruhova variabilita ,hlavnich druht“ vétsi nez
3.5%. Tuto hranici pfeséhly jen tfi druhy hybridniho/hybridogenniho ptavodu, z nichz
rostliny jednoho z nich byly vysledkem experimentalniho kiizeni. Je také dokumento-
vano mnoho piipadi, kde je variabilita vysvétlena jako odraz metodickych chyb méteni
¢i pritomnosti sekundarnich metabolitia (Greilhuber 1998). Podobné byla variabilita
prokadzana mezi izolovanymi populacemi druhu Koeleria macranta var. majoriflora

(Pecinka et al. 2006) nebo mezi izolovanymi evropskymi populacemi Sesleria albicans.
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Zde vsak mezipopula¢ni variabilita dosahovala jen 1.6 % (Lyséak et al. 2000).

7.4.3 Genom, ploidie a reprodukcni mechanizmy

Diploidni druhy/cytotypy multiploidnich druhi maji signifikantné mensi monoploidni
velikost genomu (Cx) nez polyploidni druhy/cytotypy multiploidnich druhi. Poly-
ploidni druhy mezi sebou ale jiz nevykazuji jasné rozdily, pfesto je zde patrny pokles
Cx hodnoty s rostouci ploidni drovni. Tento obecny jev zvany ,downsizing” je znamy
u mnoha rodu krytosemennych rostlin (Kellogg & Bennetzen 2004, Leitch & Bennett
2004, Weiss-Schneeweiss et al. 2006). Data také ukazuji na vyssi stabilitu velikosti
genomu ,autopolyploidnich® druhti v kontrastu s prokazatelné allopolyploidné mno-
honasobné vzniklymi druhy. Porovnanim cytotypu v ramci této prace studovanych
multiploidnich druhi tento jev ale nebyl potvrzen. Vysledky jsou v8ak dosti zpochybni-
telné kvili malému po¢tu méfenych jedinci. Podobny jev je v ramci ¢eledé Asteraceae
také dokumentovan u rodu Centaurea s.1. (Bancheva & Greilhuber 2006) nebo u ¢eledé
Orobanchaceae (Weiss-Schneeweiss et al. 2006).

I kdyz se rozdily mezi sexudlné se mnozicimi druhy a apomikty ukéazaly jako
statisticky vyznamné, da se predpokladat, ze tyto vysledky pouze kopiruji vztah
ploidniho stupné a velikosti genomu. Prvni sexuélné se mnozici skupina koreluje
s diploidnimi druhy. Ty jsou dobfe odlisené od polyploidnich druhi, stejné jako
sexuélné se mnozici druhy od apomikti. Presto zde jista zavislost mize byt. Napt. u
rodu Veronica byla GLS metodou prokazana korelace velikosti genomu a autogamie
(Albach & Greilhuber 2004). Podobné zavéry byly u¢inény i u rodu Allium (Labani
& Elkingston 1987) ¢ ve studii mapujici reprodukéni mechanizmy 175 druht rostlin
(Govindaraju & Cullis 1991).

7.4.4 Velikost genomu ve vztahu k ekogeografickym faktorim

Zda je variabilita velikosti genomu jen odezvou fylogenetickych vztahi, "nahodnych”
genovych posunt nebo néjakym zpusobem souvisi s faktory vnéjstho prostiedi, uka-
zaly predevsim korela¢ni analyzy s ekogeografickymi faktory. Ty vSak byvaji casto
hodnoceny jako dosti nejasné a zpochybnitelné.

Signifikantné pozitivni korelace se ukazala ve vztahu Cx hodnoty k zemépisné délce.
Tento vysledek byl podporen vyjmutim druhii s aredlem zasahujicim do celé Evropy.
Tyto druhy vyrazné ovliviiovaly vysledek statistiky lokalitou sbéru. Pravdépodobné je
tato korelace spiSe odrazem vyvojovych vztahii nez geografické polohy jako vnéjstho
faktoru. Naopak negativni korelace byla nalezena s nejvychodnéjsi hranici rozsitent

druhii rodu Cirsium, kde nejvychodnégji polozené druhy mély nejmensi genom (Bures
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et al. 2004). Vztah s vychodni hranici rozsiteni ma jisté vétsi vypovédni hodnotu nez
korelace se zemépisnou délkou v misté sbéru. Ta je vsak u rodu Hieracium prakticky
neaplikovatelnd. U vétsiny druhit tohoto taxonomicky slozitého rodu totiz nejsou
znamé presné hranice rozsiteni. Vnitrodruhova korelace genomu s geografickou polohou
byla nalezena i uvnitf nékolika druhit rodu Koeleria z Cech a Slovenska (Pecinka et al.
2006). Zédny vztah se zemépisnou délkou nebyl prokazan u Sesleria albicans (Lysak
et al. 2000). Korelace velikosti genomu ve vztahu k zemépisné sifce se u podrodu
Hieracium neprokazala. Negativni korelace byla dokumentovana u druhu Festuca
arundinacea (Ceccarelli et al. 1992). Zédny vztah nebyl odhalen u druhu Dactylis
glomerata (Creber et al. 1994). Nejasny trend téchto korelaci poukazuje spiSe na
individualni zavislosti ¢i dokonce artefakty.

V posledni dobé je ¢asto diskutovan vztah velikosti genomu a nadmotské vysky. Tato
zévislost u podrodu Hieracium nebyla prokazana, stejné jako u roda Cirsium (Bures et
al. 2004), Artemisia a Tripleurospermum (Garcia et al. 2004, 2005). Nepriikazna nebo
negativni korelace je dokumentovéana i u druha Dactilis glomerata (Vilhar et al. 2002)
¢i Vicia faba (Ceccarelli et al. 1994). V ptipadé podrodu Hieracium by byl potencialni
korela¢ni vztah vyrazné zkresleny samotnym vybérem lokalit sbéru. Obzvlasté silné by
ptisobily druhy vyskytujici se od nizin az do hor. V nasem piipadé se jedna napiiklad
o H. bifidum, jehoz populace jsou sebrany v rozmezi nadmotské vysky 245 — 1350 m.
Existuji vSak prace dokumentujici pozitivni korelace velikosti genomu s nadmotskou

vyskou, napf. u rodu Centaurea s.str. (Bancheva & Greilhuber 2006).

7.4.5 Velikost genomu a fylogeneze

Dvé hlavni skupiny druhii nazvané ,zapadni‘ a ,yvychodni, oddélené molekularni
fylogenezi, silné koresponduji s distribuci velikosti genomu. Obé linie obsahuji vSechny
zde dokumentované cytotypy. Podobné skupiny, s neméné signifikantnimi rozdily, jsou
snadno konstruovatelné na zakladé jejich geografické polohy. K tomu pfispivaji hlavné
endemické ¢i geograficky dobfe vymezené druhy. Za takové druhy miizeme oznacit
napiiklad H. stelligerum, druhy sekce Cerinthoidea, spadajici geograficky do ,zapadni*
skupiny nebo druhy vychodni skupiny H. kittaniae, H. petrovae a H. eriophorum.
Protoze fylogeneticka rekonstrukce nedokazala priblizit vztahy mezi ploidnimi stupni
v ramci druhu, byly cytotypy jednoho druhu posuzovany jako celek.

Velkou vyjimku z celého souboru dat tvori druh H. transylvanicum. ETS i ITS
sekvence tento druh tfadi do ,zapadni‘ skupiny. Svym rozsifenim, vazanym hlavné
na rumunska a ukrajinska pohoti (vyskyt v zapadni Evropé neni dokumentovan), a

vyrazné vétsi velikosti genomu spadé do ,yychodni* skupiny. Toto unikatni postaveni
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muze byt vysvétleno dvéma zpusoby (Fehrer et al. in prep.). Druh je vychodniho
puvodu, jak tomu nasvédcéuje jeho soucasné rozsiteni a velikost genomu, pricemz
jeho zapadni postaveni vysvétluje casové velmi vzdéalena introgrese s druhem zapadni
linie a nasledna homogenizace (concerted evolution) sekvenci smérem k ,zédpadnimu®
typu. Druhé vysvétleni predpokladé zapadni ptuvod druhu H. transylvanicum. Po
zatlacdeni druhu v dobé ledové prezil druh jen ve vychodnim glacialnim refugiu, k jeho
znovusiteni tak doslo pouze do vychodni ¢asti Evropy. Velikost genomu by v tomto
pripadé byla vazana spiSe na jeho polohu nez na evoluéni vztahy. Za predpokladu, ze
velikost genomu spiSe koresponduje s evoluénimi vztahy nez s geografickou polohou
(viz predchozi kapitola), se prvni vysvétleni zda pravdépodobnéjsi. Dalsim podobnym
pripadem, nepodpofenym jiz tolik velikosti genomu, je H. eriophorum. Tento druh
je ETS daty fazen do vychodni linie, a pfitom je lokdlnim endemitem francouzského
atlantického pobrezi. Pri¢ina je pravdépodobné v tom, ze H. eriophorum je evoluéné
pomérné mladym derivaitem druhu H. umbellatum (kterému je podle molekularni
fylogeneze velmi blizce ptibuzné), vzniklym pravdépodobné adaptaci na pisetné duny
podél morského pobiezi (poléhava lodyha apod.).

Nékteré druhy (H. amplexicaule, H. bracteolatum, H. caesium, H. glaucum, H. goua-
nit, H. gymnocephalum, H. heterogynum, H. laevigatum, H. olympicum, H. plumulosum,
H. prenanthoides, H. racemosum a H. sabaudum) ¢i nékteré populace (H. pilosum a
H. wvillosum), klasifikované jako druhy ,hlavni“ (Zahn 1921-1923), byly molekularni
analyzou oznaceny za druhy hybridogenniho ptivodu mezi ,yychodni“ a ,zapadni* linif
(Fehrer et al. in prep.). Nepotvrdil se vSak predpoklad, ze hybridogenni/hybridni
druhy budou mit Cx hodnotu v rozmez{ prumért obou hlavnich linii, tak jako tomu
bylo i u hybridogennich jedinci podrodu Pilosella (Suda et al. 2007). Pii porovnani
téchto péti skupin méla intermediarni hybridogenni skupina blize k ,yychodni* linii a
byla signifikantné odlisné od ,zapadni” linie. Zaroven svou prumérnou Cx hodnotou
prevysovala, spolu se skupinou pfibuznéjsi svymi ETS bazemi k vychodni linii, pri-
méry obou hlavnich linii (Obr. 7.7). Tento jev muZe byt vysvétlen vyhynutim rodi¢u
téchto hybridil s genomem prevysujicim své potomky. Mozna je i situace nezatrazeni
rodic¢ovskych druhii do analyz. Tato predstava je mozna za predpokladu, Ze jsou
rodic¢ovské druhy klasifikovany jako druhy ,vedlejsi. Alternativni vysvétleni tohoto
jevu je prosté navyseni genomu hybridnich /hybridogennich jedincii prostfednictvim
mnozicich se retrotransposonti. Stejny pfipad je dokumentovan u rodu Helianthus,
kde doslo k navyseni genomu u hybridnich druhi skoro o 50% (Baack et al. 2005).
Statistické analyzy také ukéazaly velkou blizkost hybridogenni/hybridni skupiny s
dominanci ETS bazi ,zapadni” skupiny (H. amplexicaule, H. caesium, H. gouani,

H. lachenalii a H. prenanthoides) k samotné ,zapadni* linii. Zaroven byla signifikantné
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odlisna od intermediarni skupiny. Uzky vztah poskytuje prostor pro Givahu o zpétném

kiizeni a fixaci apomixie.
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Zaver

1. Patern rozmisténi cytotypu ,hlavnich” druht podrodu Hieracium odpovida

modeltim postglacidlniho siteni. Polyploidni jedinci jsou konkurenéné schopnéjsi
a jsou schopny rychleji obsadit volné niky. Diploidni druhy jsou koncentrovany
prevazné do hypotetickych glacidlnich refugii. Vyjimku zde tvori jen diploidni
cytotyp H. umbellatum. U druht podrodu Chionoracium nebyly zjistény jiné

nez diploidni chromozémové pocty.

. U polyploidnich cytotypt nebyla prokazana pritomnost zbytkové sexuality. Di-

ploidni cytotypy podrodu Hieracium se §iti sexualni allogamickou cestou. Pri-
tomnost autogamie nebyla prokadzana. Sexualné se mnozici zastupci podrodu

Chionoracium vykazuji vysoky podil autogamie.

. Hodnoty velikosti genomu silné koreluji s evolu¢nimi vztahy rekonstruovanymi

pomoci molekularni fylogeneze, s vyjimkou druhu H. transylvanicum. Ta rozdé-
lila druhy do dvou hlavnich vyvojovych linii, signifikantné odlisnych velikosti
genomu. Nékteré druhy klasifikované molekularni fylogenezi jako hybridogenni
mezi dvéma hlavnimi vyvojovymi liniemi maji vétsi velikost genomu (Cx) nez
zastupci obou rodicovskych linii. Nalezené vnitrodruhova variabilita je vysvétlo-
vana piitomnosti rostlin hybridogenniho ptivodu ¢ mnohonasobnym vznikem
polyploidnich cytotyptu. Oba studované podrody (Hieracium a Chionoracium)

jsou monoploidni velikosti genomu (Cx) napadné odlisné.

93



Pouzita literatura

Albach, D.C., & Greilhuber, J. 2004. Genome size variation and evolution in Veronica.
Annals of Botany, 94, 897-911.

Aparicio, A. 1994. Karyological studies in Hieracium baeticum (Asteraceae) from the
“Parque Natural de la Sierra de Grazalema” (Southern Spain). Flora Mediterranea,
4, 25-34.

Astanova, S.B. 1989. Khromosomnye chisla predstavitelej slozhnocvetnykh flory
Tadzhikistana. In: Tesizy II Symp. Plant Karyology S. 89-90, Novosibirsk. Tesizy
II Symp. Plant Karyology, S, 89-90, Novosibirsk.

Baack, E.J, Whitney, K.D, & Rieseberg, L.H. 2005. Hybridization and genome size
evolution: timing and magnitude of nuclear DNA content increases in Helianthus
homoploid hybrid species. New Phytologist, 167, 623-630.

Babcock, E.B., & Stebbins, G.L. 1937. The genus Youngia. Carnegi Inst. of Washington
Publ, 484.

Bancheva, S., & Greilhuber, J. 2006. Genome size in Bulgarian Centaurea s.l. (Astera-
ceae). Plant Systematics and FEvolution, 257, 95-117.

Barakat, A., Carels, N., & Bernardi, G. 1997. The distribution of genes in the genomes
of Gramineae. Proceedings of the National Academy of Sciences of the United States
of America, 94, 6857-6861.

Beaman, J.H. 1990. Revision of Hieracium (Asteraceae) in Mexico and central America.

Systematic Botany Monographs.

Belaeva, V.A., & Siplivinnsky, V. 1976. Chromosome numbers and taxonomy of some
species of Baikal flora. Bot. Zurn, 61 (6), 873-880.

Bennett, M.D. 1976. DNA amount, latitude, and crop plant distribution. Environ-
mental and Experimental Botany, 16(2-3), 93-98.

54



Pouzita literatura

Bennett, M.D, & Leitch, I.J. 1995. Nuclear DNA amounts in angiosperms. Annals of
Botany, 76, 113-176.

Bennett, M.D, & Leitch, I.J. 2005. Plant DNA C-values Database (release 5.0,
December 2004). Accessed 28 December 2007.

Bennetzen, J.L, & Kellogg, E.A. 1997. Do plants have a one-way ticket to genomic
obesity? Plant Cell, 9, 1509-1514.

Bennetzen, J.L, Ma, J.X., & Devos, K.M. 2005. Mechanisms of recent genome size
variation in flowering plants. Annals of Botany, 95, 127-132.

Bergman, B. 1941. Studies on the embryo sac mother cell and in development in
Hieracium subg. Archieracium. Svensk Bot. Tidskr., 35, 1-45.

Blake, S. F. 1922. New palnts from Guatemala and Honduras. Contr. U. S. Natl.
Herb., 24, 1-32.

Bottini, M., Greizerstein, E., Aulicino, M., & Poggio, L. 2000. Relationships among
genome size, environmental conditions and geographical distribution in natural
populations of NW Patagonian species of Berberis L. (Berberidaceae). Annals of
Botany, 86, 565-573.

Bréautigam, S., & Brautigam, E. 1996. Determination of the ploidy level in the genus
Hieracium subgenus Pilosella (Hill) S.F.Gray by flow cytometric DNA analysis.
Folia Geobotanica and Phytotaxonomica, 31, 315-321.

Buitendijk, J.H., Boon, E.J., & Ramanna, M.S. 1997. Nuclear DNA content in twelve
species of Alstroemeria L. and some of their hybrids. Annals of Botany, 79, 343-353.

Bures, P., Yi-Feng Wang, Horova, L., & Suda, J. 2004. Genome size variation in
Central European species of Cirsium (Compositae) and their natural hybrids. Annals
of Botany, 94, 353-363.

Burton, G.W.; & Hanna, W.W. 1992. Using apomictic tetraploids to make a self-
incompatible diploid pensacola bahiagrass clone set seed. J. Heredity, 83, 305-306.

Buttler, K.P. 1991. Hieracium. — In. Strid, A. nad Tan K. (Eds.). Mountain flora of
Greece, 2, 595-642.

Castro, M., Mateo, G., & Rosseld, J.A. 2007. Chromosome numbers in Hieracium and
Pilosella species (Asteraceae) from the Iberian Peninsula and the Balearic Islands.
Bot. J. Linn. Soc., 153, 311-320.

95



Pouzita literatura

Ceccarelli, M., Falistocco, E., & Cionini, P.G. 1992. Variation of genome size and
organization within hexaploid Festuca arundinacea. Theoreti- cal and Applied
Genetics, 83, 273-278.

Ceccarelli, M., Minelli, S., Maggini, F., & Cionini, P.G. 1994. Genome size variation
in Vicia faba. Heredity, 74, 180-187.

Christoff, M. 1942a. Die genetische Grundlage der apomiktischen Fortpflanzung bei
Hieracium aurantiacum L. Zeitschr. Indukt. Abst. Vererd., 80, 103-125.

Christoff, M., & Popoft, A. 1933. Cytologische Studien iiber die Gattung Hieracium.
Planta, 20, 440-447.

Chrtek, J. 2004. Kvetena Ceské Republiky 7. Academia, Praha.

Chrtek, J. Jun. 1994. Chromosome numbers in selected Hieracium species in the
Krkonose Mts. (the West Sudeten). Folia Geobot. Phytotaz., 29, 91-100.

Chrtek, J. jun. 1996. Chromosome numbers in selected species of Hieracium (Com-
positae) in the Sudeten Mts. and the Western and Ukrainian Eastern Carpathians.
Fragm. Florist. Geobot., 41, 783-790.

Chrtek, J. jun. 1997. Taxonomy of the Hieracium alpinum group in the Sudeten Mts
and the West and Ukrainian East Carpathians. Folia Geobot. Phytotax., 32, 67-91.

Chrtek, J. jun., Mraz, P., & Severa, M. 2004. Chromosome numbers in selected species
of Hieracium s.str. (Hieracium subgen. Hieracium) in the Western Carpathians.
Preslia, 76, 119-139.

Chrtek, J. jun., Mraz, P., Zahradnicek, J., Mateo, G., & Szelag, Z. 2007. Chromosome
numbers and DNA ploidy levels of selected species of Hieracium s.str. (Asteraceae).
Folia Geobotanica, 42, 411-430.

Creber, H.M.C., Davies, M.S., Francis, D., & Walker, H.D. 1994. Variation in DNAC
value in natural populations of Dactylis glomerata L. New Phytologist, 128, 555-561.

Cruz-Garcia, F., & McClure, B.A. 2001. Sexual incompatibility. In: Bhojwani S.S. and
Soh W.Y. (eds.), Current trends in embryology of angiosperms. Kluwer Academic
Publishers, Dordrecht, 167-196.

Cueto Romero, G., & Blanca Lopez, M. 1986. Numeros cromosomaticos de plantas
occidentales. Anales Jard. Bot. Madrid, 43, 403-409.

o6



Pouzita literatura

Delay, J. 1969. Endemiques Pyrenéennes (Composées). Cat. Inform. Annuelles
Caryosyst. Cytogén., 3, 24.

DeRetz, B. 1978. Contributions a la connaissance de la flore hiéraciologique de la
France et de I'Espagne, 5. Taxons nouveux pour le genre Hieracium dans les Pyrénées
francaises et en Espagne. Bull. Soc. Bot. France, 125, 209-218.

Desrochers, A.M., & Rieseberg, L.H. 1998. Mentor effects in wild species of Helianthus
(Asteraceae). Am. J. Bot., 85, 770.

Dolezel, J., & Dolezelova, M. Novék, F. 1994. Flow cytometric estimation of nuclear
DNA amount in diploid bananas (Musa acuminata and M. balbisiana). Biologia
Plantarum, 36, 351-357.

Dostal, J. 1989. Novad kvétena CSSR 2, p. 1160-1173. Academia, Praha.

Dyer, A.F. 1963. The use lacto-propionic orcein in rapid sqash method for chromosome
reparations. Stain technol., 38, 85-90.

Favarger, C. 1965. Notes de caryologie Alpine IV. Bull. Soc. Neuchdteloise Sci. Nat.,
88, 5-60.

Favarger, C. 1969a. Notes de Caryologie Alpine V. Bull. Soc. Neuch?tel Sci. Nat., 92,
13-30.

Favarger, C. 1969b. Report on Hieracium prenanthoides. In Léve A. (ed.), IOPB
Chromosome number reports XXII. Tazon, 18, 435.

Fehrer, J., Krak, K., & Chrtek, J. Jun. Molecular evolution in diploids and apomictic
polyploids of Hieracium (Lactuceae, asteraceae): a history of deep divergence,

reticulation and extinct variation. (manuscript).

Fehrer, J., Gemenholzer, B., Chrtek, J., & Bréautigam, S. 2007. Incogruent plastid and
nuclear DNA phylogenies reveal ancient intergeneric hybridization in Pilosella haw-

kweeds (Hieracium, Cichorieae, Asteraceae). Molecular Phylogenetic and Evolution,
42, 347-361.

Fernald, M. L. 1943. Notes on Hieracium. Rhodora. Rhodora, 45, 317-325.

Flavell, R.B., Rimpau, J., & Smith, D.B. 1977. Repeated sequence DNA relationships

in four cereal genomes. Chromosoma, 63, 205-222.

o7



Pouzita literatura

Gadella, T.W.J. 1987. Sexual tetraploid and apomictic pentaploid populations of
Hieracium pilosella (Compositae). Plant Systematics and Evolution, 157, 219-246.

Galbraith, D.W., Harkins, K.R., Maddox, J. M., Ayres, N.M., Sharma, D.P., &
Firoozabady, E. 1983. Rapid flow cytometric analysis of the cell cycle in intact
plant tissues. Science, 220, 1049-1051.

Garland, M.A. 1990. Infrageneric names applicable to Hieracium subgenus Chionora-
cium (Compositae: Lactuceae). Tazon, 39, No. 1, 119-124.

Garnatje, T., Garcia, S., & Canela, M.A. 2007. Genome size variation from a phy-
logenetic perspective in the genus Cheirolopus Cass. (Asteraceae): biogeographic
implication. Plant Systematics and Fvolution, 264, 117-134.

Gaskin, J.F., & Wilson, .M. 2007. Phylogenetic relationships among native and
naturalized hieracium (asteraceae) in Canada and the United States based on plastid
DNA sequences. Systematic Botany, 32(2), 478-485.

Gentcheff, G., & Gustafsson, A. 1940. The balance system of meiosis in Hieracium.
Hereditas, 26, 209-249.

Govindaraju, D.R., & Cullis, C.A. 1991. Modulation of genome size in plants: the
influence of breeding systems and neighbourhood size. FEwvolutionary Trends in
Plants, 5, 43-51.

Greilhuber, J. 1998. Intraspecific variation in genome size: a critical reassessment.
Annals of Botany, 82, 27-35.

Greilhuber, J., & Speta, F. 1985. Geographical variation of genome size at low
taxonomic levels in the Scilla bifolia alliance (Hyacinthaceae). Flora, 176, 431-439.

Gustafsson, A. 1974. Apomixis in higher plants II. The causal aspect of apomixis.
Acta Univ. Land. N. F. Adv., 43 (2), 69-179.

Hayirlioglu-Ayaz, S., & Inceer, H. 2004. Chromosome numbers of some species of the

genus Hieracium s.str. ( Asteraceae ) from Turkey. Folia Geobotanica, 39, 319-325.

Keelogg, E.A., & Bennetzen, J.L. 2004. The evolution of nuclear genome structure in
seed plants. American Journal of Botany, 91, 1709-1725.

Krahulcova, A., & Krahulec, F. 1999. Chromosome numbers and reproductive systems
in selected representatives of Hieracium subgen. Pilosella in the Krkonose Mts (the
Sudeten Mts). Preslia, 71, 217-234.

o8



Pouzita literatura

Krahulcova, A., Krahulec, F., & Chapman, H. M. 2000. Variation in Hieracium subgen.
Pilosella (Asteraceae): What do we know about its sources? Folia Geobotanica, 35,
319-338.

Labani, R.M., & Elkington, T.T. 1987. Nuclear DNA variation in the genus Allium L.
(Liliaceae). Heredity, 59, 119-128.

Laurie, D.A.,; & Bennett, M.D. 1985. Nuclear DNA content in the genera Zea and
Sorghum. Intergeneric, interspecific and intraspecific variation. Heredity, 55, 307—
313.

Lavrenko, A.N., & Serdinov, N.P. 1987. Chisla khromosom nekotorykh predstavitelei
flory Urala (Komi ASSR) (Chromosome numbers of selected species of the Ural
Mts. (Komi Republic)). Bot. Zhurn., 72, 846-847.

Leitch, I., & Bennett, M.D. 2004. Genome downsizing in polyploid plants. Biological
Journal of the Linnean Society, 82, 651-663.

Lysak, M.A., & Dolezel, J. 1998. Estimation of nuclear DNA content in Sesleria
(Poaceae). Caryologia, 51, 123-132.

Lysék, M.A., Rostkova, A., Dixon, J.M., Rossi, G., & Dolezel, J. 2000. Limited genome

size variation in Sesleria albicans. Annals of Botany, 86, 399-403.

Marcuci, R., & Tornadore, N. 1999. Mediterranean chromosome number reports 9
(1089-1098). FI. Medit., 9, 372-378.

Marxmuller, H. 1975. Diploide Hieracien. Anales Inst. Bot. Cavanilles, 32, 89-196.

Mateo, G. 1996. Sobre los téaxones del género Hieracium L. (Compositae) descritos

como nuevos en espana, 1. letras C-D. Flora Montiberica, 3, 19-30.

Mateo, G. 1998. Sobre los téaxones del género Hieracium L. (Compositae) descritos

como nuevos en espana, V. letras N-Z. Flora Montiberica, 9, 53-78.

Mateo, G. 2005. Aportaciones al conocimiento del género Hieracium en Espa?a, X.

Novedades para el Pirineo catalan. Flora Montiberica, 31, 62—69.

Menken, S.B.J., Morita, T., Wardennar, E.C.P., & Boersma, A. 1989. Genetic
interpretation of enzyme variation in sexual and agamospermous taxa of Taraxacum

sections Vulgaria and Mongolica. Genetica, 78, 111-119.

99



Pouzita literatura

Moore, D.M. 1982. Flora Europaea check-list and chromosome index. 423 S. Cambridge

University press, Cambridge.

Morgan, MT. 2001. Transposable element number in mixed mating populations.
Genetical Research, 77, 261-275.

Mréz, P. 2003b. Mentor effects in the genus Hieracium s. str. (Compositae, Lactuceae).
Folia Geobot, 38, 345-350.

Mraz, P., Chrtek, J. jun., Fehrer, J., & Plackova, I. 2005. Rare recent natural
hybridization in the genus Hieracium s.str. — evidence from morphology, allozymes
and chloroplast DNA. PIl. Syst. Evol., 255, 177-192.

Murray, B.G. 2005. When does intraspecific C-value variation become taxonomically
significant? Annals of Botany, 95, 119-125.

Majovsky, J. 1970a. Index of chromosome numbers of Slovakian flora. Acta Fac. Rer.
Natur. Univ. Comen., 16, 1-26.

Majovsky, J., Murin, A., Ferdkova, V., Hinddkova, M., Schwarzova, T., Uhrikova,
A., Vachova, M., & Zaborsky, J. 1987. Karyotaxonomicky prehlad flory Slovenska

(Karyotaxonomic survey of the Slovak flora). Veda.

Mesicek, J., & Jarolimova, V. 1992. List of chromosome numbers of the Czech vascular

plants. Academia, Praha.

Natarajan, G. 1988. étude caryosystiématique de quelques dicotyledones de la Garrigue

Languedocienne. Naturalia Monspeliensia, 52, 85-123.

Niketi¢, M., Bareka, P., & Kamari, G. 2003. Karyosystematic study of selected
Hieracium taxa (Compositae) from Durmitor Mt (Montenegro). Bot. Chron., 16,
23—-45.

Niketi¢, M., Vladimirov, V., & Mraz, P. 2006. Chromosome numbers and taxonomic-
chorological notes on selected species of Hieracium s.str. (Asteraceae) from Monte-

negro. Phytologia Balcanica, 12, 85-97.

Nogler, G.A. 1984. Gametophytic apomixis. In Embryology of angiosperms. Berlin,
Germany. pp. 475-518.

Nageli, C., & Peter, A. 1885. Die Hieracien Mittel-Europas. Monographishe Bearbeitung
der Piloselloiden mit besonderer Berticksichtigung der Mitteleuropdischen Sippen. -
R. Oldenbourg, Miinchen. R. Oldenbourg, Miinchen.

60



Pouzita literatura

Otto, F. 1990. DAPI staining of fixed cells for high-resolution flow cytometry of
nuclear DNA. Methods in Cell Biology, 33, 105-110.

Papanicolau, K. 1984. Report on Hieracium pannosum|. In: LOVE A. (ed.), IOPB
Chromosome number reports LXXXII. Tazon, 33, 130.

Pecinka, A., Suchankova, P., Lysak, M.A., Travnicek, B., & Dolezel, J. 2006. Nuclear
DNA content variation among Central European Koeleria taxa. Annals of Botany,
98, 117-122.

Petrov, D.A. 2002. DNA loss and evolution of genome size in Drosophila. Genetica,
115, 81-91.

Polatschek, A. 1966. Cytotaxonomische Beitrage zur Flora der Ostalpenlander, II.
Osterr.Bot. Zeitschr, 113, 101-147.

Price, H.J., Dillon, S.L., Hodnett, G., Rooney, W.L., Ross, L., & Johnson, S. 2005.
Genome Evolution in the Genus Sorghum (Poaceae). Annals of Botany, 95, 219-227.

Pulkina, S. V., & Tupitsyna, N. N. 2000. Poliploidnye kompleksy v rode Hieracium

(Asteraceae). Turczaninowia, 3, 79-81.

Quézel, P. 1957. Peuplement végétal des hautes montagnes de I’Afrique du Nord.
Encycl. Biogéogr. Ecol, 10, 1-445.

Richards, A.J. 1997. Breeding systems. London etc.

Robinson, B.L., & Greenman, J.M. 1904. Revision Mexican and central American

species of Hieracium. Proc. Amer. Acad. Arts, 40, 14-24.

Rosenberg, O. 1927. Die semiheterotypische Teilung und ihre Bedeutung fiir die
Entstehung verdoppelter Chromosomenzahlen. Hereditas, 8, 305-338.

Scannerini, S. 1971. Numeri cromosomici per la flora Italiana (Chromosome numbers

of the Italian flora). Inform. Bot. Ital., 3, 66—67.

Scholte, G. 1977. [Report on Hieracium piliferum]. In: LOVE A. (ed.), IOPB Chro-
mosome number reports LVI. Tazon, 26, 258-259.

Schuhwerk, F. 1996. Published chromosome counts in Hieracium.

Schuhwerk, F., & Lippert, W. 1998. Chromosomenzahlen von Hieracium (Compositae,
Lactuceae) Teil 2. Sendtnera, 5, 269-286.

61



Pouzita literatura

Schuhwerk, F., & Lippert, W. 1999. Chromosomenzahlen von Hieracium (Compositae,
Lactuceae ) Teil 3. Sendinera, 6, 197-214.

Sell, P.D. 1987. An introduction to the study of the Brithish Hieracia, 1. History and
classification. Watsonia, 16, 365-371.

Sell, P.D., & West, C. 1975. 115. Hieracium L. — In. Davis P.H. (ed.). Flora of
Turkey, 5, 696-763, Edinburg.

Sell, P.D., & West, C. 1976. Hieracium L. — In. Tutin T.G. et al. (eds.). Flora
Europaea, Cambridge, 4, 358-410.

Skawinska, R. 1963. Apomixis in Hieracium alpinum L. Acta Biol. Cracov., 5, 7-14.

Sleumer, H. 1956. Die Hieracien Argentiniens unter Beriicksichtigung der Nachbarlidn-
der. Bot. Jahrb. Syst., 77, 85-148.

Sokolovskaya, A. P., & Strelkova, O. S. 1960. Geograficheskoe rasprostranenie poli-
ploidnykh vidov v Evraziyatskoy Arktike. Bot. Zhurn., 45, 369-381.

Stace, C.A. 1998. Sectionals names in the genus Hieracium (Asteraceae) sensu stricto.
Edinb. J. Bot., 55, 417-441.

Strid, A., & Franzén, R. 1981. in Chromosome number reports LXIX. Tazon, 29,
709-710.

Strother, J.L. 2006. Hieracium. American north of mexico, 19-21, 278-294.

Suda, J., Krahulcové, A., Travnic¢ek, P., Rosenbaumové, R., Peckert, T., & Krahulec,
F. 2007. Genome size variation and species relationships in Hieracium sub-genus

Pilosella (Asteraceae) as inferred by flow cytometry. Annals of Botany, 100, 1323—
1335.

Swift, H. 1950. The constancy of deoxyribose nucleic acid in plant nuclei. Proceedings
of the National Academy of Sciences of the United States of America, 36, 643-654.

Szelag, 7., & Jankun, A. 1997. Tetraploid Hieracium Alpinum in the Polish Tatra
Mts. Fragm. Florist. Geobot., 42, 190-192.

Szelag, Z., & Vladimirov, V. 2005. Chromosome numbers of Polish Hieracia (Astera-
ceae). Polish Bot. J., 50, 139-143.

62



Pouzita literatura

Szelag, 7., lnicki, T., Niketi¢, M., & Tomov¢, G. 2007. Diploid chromosome numbers
in five Hieracium species from Serbia and Montenegro. Acta biologica cracoviensia
Series Botanica, 49/1, 119-121.

Tas, 1.C.Q., & Van Dijk, P. 1999. Crosses between sexual and apomictic dandelions
(Taraxacum). I. Inheritance of apomixis. Heredity, 83, 707-714.

Thalmann, C., Guadagnuolo, R., & Felber, F. 2000. Search for spontaneous hyb-
ridization between oilseed rape (Brassica napus L.) and wild radish (Raphanus
raphanistrum L.) in agricultural zones and evaluation of the genetic diversity of the
wild species. Botanica Helvetica, 111, 107-119.

Vladimirov, V. 2000. Diploid species of the genus Hieracium s.l. in Bulgaria. Abhan-

dlungen und Berichte des Naturkundemuseums Gérlitz, 72, 16.

Vladimirov, V. 2003. A new diploid Hieracium (Asteraceae: Lactuceae) from Bulgaria.
Botanical Journal of the Linnean Society, 143, 213-218.

Vladimirov, V., & Szelag, Z. 2001a. In: Kamaril G, Blanché C, and Garbari F [eds],

Mediterranean chromosome number reports 11. Flora Mediterranea, 11, 478-483.

Vladimirov, V., & Szelag, Z. 2006. A new diploid species of Hieracium sect. Pannosa

(Asteraceae) from Bulgaria. Botanical Journal of the Linnean Society, 150, 261-265.

Vogt, R., & Oberprieler, Ch. 1994. Chromosome numbers of North African phanero-
gams. IV. Candollea, 49, 549-570.

Volkova, S.A., & Boyko, E.V. 1986. Chromosome numbers in some species of Asteraceae
from the southernpart of the Soviet far east. Bot. Zurn., 71, 1693.

Weiss-Schneeweiss, H., Greilhuber, J., & Schneeweiss, G.M. 2006. Genome size
evolution in holoparasitic Orobanche (Orobanchaceae) and related genera. American
Journal of Botany, 93, 148-156.

Wendel, J.F., Cronn, R.C., Johnston, S., & Price, H.J. 2002. Feast and famine in
plant genomes. Genetica, 115, 37-47.

Zahn, K.H. 1921-1923. Hieracium. — In: Engler A. (ed.). Das Pflanzenreich, IV, 280
Leipzig.

Zahn, K.H. 1922-1938. Hieracium. — In: Graebner P. fil (ed.). Synopsis der mitteleu-
ropdischen Flora, XII, 1-3, Gebriider Borntraeger, Leipzig.

63



Pouzita literatura

Zonneveld, B.J.M. 2001. Nuclear DNA content of all species of Helleborus (Ranuncu-
laceae) discriminate between species and sectional division. Plant Systematics and
FEvolution, 229, 125-130.

Zavesky, L., Jarolimova, V., & étépének, J. 2005. Nuclear DNA content variation

within the genus Taraxacum (Asteraceae). Folia Geobotanica, 40, 91-104.

Sisko, M., Ivani¢, A., & Bohanec, B. 2003. Genome size anylysis in the genus Cucurbita
and its use for determination of interspecific hybrids obtained using the embryo-

rescue technique. Plant Science, 165, 663-669.

64



Seznam obrazki

3.1

5.1
5.2

6.1
6.2
6.3

7.1

7.2
7.3

7.4

7.5
7.6
7.7

7.8
7.9

7.10

Aredly jednotlivych skupin rodu Hieracium dle Zahna (1921-1923) . 10

Zastoupeni jednotlivych cytotypu hlavnich druht podrodu Hieracium. 14

Mapa roysiteni cytotypt ,hlavnich® druha. . . . .. .. ... ... .. 22
Plna nazka druhu H. glavcum All. . . . . . .. .. ... ... .. 26
Préazdna nazka druhu H. glaucum All. . . . . . . . ... .. ... ... 28

Graf procentuelniho zastoupeni plnych nazek v izolovanych a kontrolnich

uborech druhu Hieractum sp . . . . . . . . . . ... ... ... ... 30

Diagram ukazujici rozdily monoploidni velikosti genomu mezi podrody
Hieracium a Chionoracium. . . . . . . . . . . . .. 36
Histogram 2C hodnot velikosti genomu podrodu Hieracium. . . . . . 36
Vystup z cytometrické analyzy zaznamenavajici nejmensi nalezeny
genom (Cx) diploidniho druhu H. stelligerum. Pomér piku standardu
(1) vaéi piku vzorku (2) je 1.294. CV vzorku - 1.97 a CV standardu
(Zea mays) - 1.66. . . . . . .. 37
Vystup z cytometrické analyzy zaznamenavajici nejvétsi nalezeny genom
(Cx) triploidniho druhu H. virosum. Pomér piku standardu (1) vaci
piku vzorku (2) je 1.432. CV vzorku - 1.96 a CV standardu (Pisum

sativum) - 1.83 . . . Lo 37
Histogram Cx hodnot velikosti genomu podrodu Hieracium. . . . . . 38
Fylogeneticky strom na bazi ETS bazi (Fehrer et al.) . . . . . .. .. 43

Porovnani velikosti genomu (1Cx) skupin podrodu Hieracium oddéle-
nych molekularni fylogenezi (bez H. transylvanicum). . . . . . . . .. 44
Graf ukazujici na trend poklesu velikosti genomu s rostouci ploidni Grovni. 45
Porovnéani velikosti genomu (Cx) mezi skupinami s odlisnymi repro-
dukénimi moznostmi. . . . . .. ..o Lo 46
Vystup z cytometrické analyzy dvou odlisnych populaci H. amplezicaule

potvrzujici nalezenou vnitrodruhovou variabilitu. . . . . . ... . .. 48

65



Seznam tabulek

5.1

6.1

6.2

7.1
7.2
7.3

Chromozomové pocty zjisténé autorem predlozené prace. . . . . . . .

Vysledky testii porovnévajici zastoupeni plnych nazek mezi emaskulo-
vanymi a kontrolnimi ubory polyploidnich druht. A) - Apomixie.
Tabulka zastoupeni plnych nazek v souborech izolovanych a kontrolnich

tbori diploidnich druhu. AL) - Allogamie . . . ... ... ... ...

Pramérné hodnoty CV pro jednotlivé druhy . . . . .. .. ... ...
Tabulka velikosti genomu. . . . . . . . . ... . oL

Porovnani genomi ,podrodd” rodu Hieracium . . . . . . .. .. ...

66



Prilohy

67



Seznam priloh

1. Tabulka lokalit

2. Chromosome numbers and DNA ploidy levels of selected species of Hieracium s.

str. (Asteraceae) - publikonany ¢lanek

3. Strong phylogenetic component of genome size variation in Hieracium subgen.

Hieracium (Compositae) - koncept ¢lanku

Priloha

68



Tabulka 8.1

[IPBABZ “A "53] 'S00T 1SNBNY § N ,,8T,TC 097 A .. 81,8 of | W 01| ¥2 ‘BIUAIL

Jo aSe([ia oy Jo { uny ¢ “d[ppes efyny oy o} yred paxrewr ayy Suofe ‘Ad[[ea edtlupey s ad[y oyslinr ‘uoISax ENSIOWILL] BIUIAO[S TtTl H
YouUD) [ %9 $AIA "€l '89] ‘50T 19quIdAON 6 ‘N ,,91,0Z 9% “H ..£0,8€
of | ‘WL T ‘00A0¢ — JISIA PEOI I JEIU “DIUEP[PO JO STB1A Y} JO A\ UDy | BD tejual] “s)jA od[y oyysliny ‘uorSas eysIow] BIUSAO[S 1801 H NV wnonpps iy
(S) Aalog
A "89] ‘900z Jequandas /7 ‘N .. LY. LY ofF ‘M .. LT.PT o1 ‘W 0] ‘NEdNOg-xn31A op a8e[d :sureg-sa[-neanog-xnaiy ‘sapue] 1dap :eoueiy €ZZl H
(8) K210 4 9] ‘9007 12quAdag L7 ‘N ,,L1,9€ oEF "M ,,0T.LT o "W O] ‘PNS UBPIQ duuaqe’] op 2Fejd :ouuaqe] ‘sapuer] 1dap :ouBL] ITC1 H SUBUIY-1§ wnioydold g
0B "D 19p
“QII9sS0Y 'V [ % 0B "D oMY [ 8] ‘9007 AINS 17 N .. €€.6T ot ‘H .. 77.9T ol ‘W SOET D5E([1A 31 Jo MN W ¢ 10a1s oY) woy
w ] B2 ped e Jo sufieur pue sY001 ‘SIOWI|] S|P JUALIO ] JO A2[[eA (BLIQT 2P BIN[ JUBS JO AN LUBSSIXIE ‘SIAl SNQULI{ [BLIOpUY LLITH “1kadey wnnofipioo Iy
O3RN "D 1O ‘O[[SSOY Y [ ¥ OB D) YUy [ B3] ‘900T AInf 1T N .. L, 9T
oTF “d,,9%,5T o1 W gL ‘2rmsed e jo urirews ‘aSe([ia ay) Jo MSM WY | “SIAT) 2P SO :SIN snauwig ‘eplie aoad ‘ekunjele)) wuredg 9LITH 1 SaproyLzd |
AL "1 19p 12 ‘89 ‘9002
AN N €7 409 “H L68 091 W OE “AABD JO MN W G B9 ‘SIOJNE[SQ 18 urdreur 1sa10f/peor A1p [Ty “ted ‘puepyinsen ‘Aoid :uapamg LTTIH
AodyTuuag "y % 33K, "1, 19p 12 B3] ‘9007 AIN[ N ,SS oLS ‘T, EF 081 "W OT “(£QSIA JO NN ur{ Of 9
puepjon) jo puejsi ay) jo jurod AN 24} 0} 3s0[d) ynys|[eH JO HS uny ¢*| eas ay) Aq 2a10s auosaun] uado ‘[jey “1ed ‘puepon) ‘aoxd :uapamg I€Z1 H I (1) wingsona
ZpIN “d "B “Z00T AIn[ 0Z ‘N
97,81 oLt ‘T ,,90,50 ,01 W 0Z61 ‘(W L6 1) [PZILISYIOF] UL (W L9 ) YIOf [SZILIS Ud2MIaq :peeq ‘Uad[y IonES[[y ‘eLusny :esny SETId
BAOYIIYD) N % YoMYD [ "89] ‘G0z NSy ¢ °, 06, S
o8% *T ,,L0,91 0T WX 8L ‘peoa 213 2a0qe sadoys auojsawry ‘aeqia 21 jo yed § ‘reurap uoidar [er Lysuaiorg ‘peidod nsip renjesc[s 7901 H
JI2MYNYIS “ P MY [ B[ ‘5007 1SNV €1 N L, €5, 1€ oLt *T ..5S.6T of | ‘W OV6
‘NEsor) Jo aFe[[IA 21 JO WSS UL 9 “YUBq MN UO 5300 ‘(23] UIBIUNOUI) 23SNESOL) I2I2PIOA :JISSEW UISYIE(] ‘YII2LI2)S0I2q() (BLISnY €901 H
o) f 2] ‘900 SNy 61 N, 1€,91
o6 ‘4 ,.61,9% 061 ‘W Og6 23108 auoysaw] “aSe([1a ay) Jo F§ ULy ¢ “AABYSAL | -BUIOP BAOYRIN[ :3IARI() ‘UJSOPIA ] “HSIP ‘BABI() “EIRAO[S TITIH
BAONUYD) °S 2§ YUY [ "89] ‘9007 ISNINY L] ‘N ,.91.T1 o6t ‘H ,.85.T€ 061 W 9L ‘SY001 duo)saLu]
‘King] Jo oFe[ia oy Ul Yoanyo oy Jo MS ury ¢ “ued saddn ‘Kajjea eurjop eysueeAY SIA AYDIA 9SQOY)) ‘UISOPIA [, "TISIP :BINRAO[S 60Z1 H I TeWID) ")) saproanajdng gy
Youy) °f 89 ‘5007
aung §1 ‘N, LS, €0 o6% “d ,,00,60 »8T ‘W OLL “DALSIA JO SUINI JISED ‘APRIIPOJ HSIESIA "SI Alediey] 2[21g “BAR]] "ISIP (BIEAO[S £E0T H T TPWD D7D sapronajdng i
(wapyec-urag NGO ‘) ‘T8 12 Japuig "89] ‘W Ot ‘SAR[0MBY “SIA UOI[L] ‘BIESSIY ], (203210) OrZl H WS ¥ QI wnnjoaondg o
JOMYD [ % [IPBARZ “A "89] *L00T dunf ‘N ,,S0,5+ 0§ “H ..00,Z€ oS 1 "W OSET VAT AnIa[purdg jo aepia
o) JO MN Uy §'¢ ‘senbard [eroed oy usamiaq NOUIqaLY ANS[AI0Y T2I0Y 1A :'SIN 2$0UONTY ‘A|IUag "NSIp ‘Bruayog gN LIYezZ) PISTH
1tpea’Z A "89] ‘900z 2unf S °NL..01.8S
o6¥ ‘T ..L0.80 ob 1 W G *AI0ISEUOUI AT} PUIYAG SYOO0I SNOAIEI[ED ‘NO[ENS pod ue LJEAS ‘UNOIRE “ISIP “EIULDYOF [EIUA)) (BIYIOZ)) tItl H
Youy) °f ‘891 ‘900z 1080y ST N ,,1€,91
o6t T ,,61,9F o61 W g6 28108 2uoysaut] “aFe[[1A 21 JO HS UK ¢ ‘AARYSI[-BUTOP PAOURIN( :2JTARI() “UISOPIA ], "NSIP ‘BABI() (BIEAO[S €IZIH Wy wnpifiq |
ZRI *d 2% YAUYD) [ *82] *500Z 1S3V 67 ‘N . Th.¥1 o9F ‘., £€,9€ (01 W 081 “(Juownuour)
3[ppes ay) Jo F§ un| g ‘prol du teau ‘ado[s 7 ‘O[[2UUOIN TN “[RUO, [9p 0SSE( :O[2WEpY | [[3p oddnin e31py oy v-ounual], :Kjei €LOTH
ZeI “d 391 *€00Z AUnf N ,, LE,T0 oSt H ,, 1Z,81 090 W 0ST “25e[[1A 9y} MO[2q UMIAN[[E [9ABIS ‘2ABID) B ‘Sad[y sanep] 1dgp :soues] 99€1 d
PIoYTeN "3 “39] ‘9661 1SNBNY $T ‘N €T ol “H .01 of W 0S61
—(S L1 ‘198521 JO JOOIq 21} Te2U ‘OI2UI[A 18njay 01 X1eg 2p ore(] wioyy yed 1sumo} oy Suofe ‘sqrerang) :euoan) “aoid ‘eAunjeie)) utedg ¥sed
¥ouuD 1391 ‘S00T AT 62 ‘N ,,Z1,10 oL “H,,S1,01 o£1 W Q9E] ‘SH201
1om ‘aBe[]1A o)) JO N Uy $ ‘ue[druajaz ‘Aajea yoeqaas ‘ziuey seau ziddelg :addniSjeSoyuy ‘uione] ayoy ‘eryiunie)) (BLNSNY SSOT H
ZeI “d % ¥oMYD T 59 ‘00T AN[ 8T ‘N ,,95,LS o9F “H ,,07,10 €1 ‘W €T O0Iq 2y 2A0qE S3o01 “aFe([IA
ayl Jo M uny | ea ‘apny Iaqueder] ay) o3 yed (paypewun) po aip Jesu quelegtoun] :addnidSiaqpion ‘ulene ] ayoj] ‘eryiuie)) :einsny 0S01 H "] anoxajdwn Iy
SexSnd ‘N % ZBIN "d 59|
900Z AINf 91 N ,,01, I# oSt T ,,8F, 090 * W LTI “3[PPES 3 JO M ‘PUBJISSOY 3P 18ULI0)) [0)) ‘Mojneag ‘sad[y samep] 1dgp :souesy 9IETH
Yorupeayey [ 83 ‘0T AINS [€ ‘N .,5+,20 o8% “d .. Sb,LE obT WOI0T
‘uepyog Jo SFE[[IA S JO J U () “BATE JIUILNS *(W OZOT) 14N sayoutoy)) uea] dig I "SI eroyouoy)) ‘exsiediexey Ise[qQ :ourenyn 9L01 H ] wnuid)o “ff
(spaas woay pajeanna sjueld — §) Ayeao] ou "2y saadg

69



HLEER CLLe]

891 “L00Z 1SNBNY TN ,, €€ ,¥S ok ., TS ,8E o9 W 0OF] ‘SONI[ES SP 110, 0 yred e resu ‘uoduerig ‘sad|y saney 1dap :soueLy

‘Te 30 Yauy) °f “39] L0

ISNENY T°,,€2,95 ot ., LT, TF o9 W 0881 DIAQUITANUOI JO dFe[ia 2y Jo N uny ¢'( 1sato surd :uoduerrg ‘sadpy samney 1dap :oouesy
AoIUIPRIA “A 53] ‘5007 1290100

ST 4..08 . 1To¥T ‘N..SS 6€o 1 W 008—0SL *(S127155D)2 $H20]) YD01 JUOISIUM] JO S301A210 “08108 PeIBIL], :'siy 2dopoipy] [enua) :ewedmg
(wepyeq-utIag WEOG “S) T8 12 sney ‘89] ‘6007 ‘W O] ‘Puoisaw] ‘SeIepIey| SIA UO[RUIJA ‘SLIPEIY SouIoN ‘sosauuodo[a 220210
Fejazg 7 19p pue “89] ‘900z 1NNy g

*H,,90,¥E4T ‘N ,, LT, LboTh W OLS ] 2uolsaw] uo adofs Asserd ‘euals elzoy] 1N 'sIN eurueq exsuelor], sy eurue]q elelg (euesng
Ferazg 7 19p pue ‘891 ‘9007 N8NV 6 ‘N ,,9€, 0% oZt “H ,, TP, 8S oFT W (LY 153103 syp1uario snuidin)

ur ado[s papoia “IAISEUOA ISIJO[EY Y} JO N WD 7 “TIAILI BUIIPIA JO A3[[BA :'SIAl BUIUE[J BYSIAJO[EY “SIA BUIUE]J BIE)S BLES[ng
Fejazg "7 12p pue "53]

‘900z N3NV | T, €1.40 661 ‘N .. [£,£0 oEp ‘W (50T “uoisaw] uo puejssesd sutdie ‘papapy BIRA TN TSI 101U :015aujuoy
Yoy °f "89] *500T KB 8T ‘N

..S1,8S o6t " ,,0€,80 ob1 W OSE *28e[[1A 241 Jo INH §°0 1S210§ Weaquioy-3eo ‘nofeNg pod uer L1Ag UNoIdg "SI ‘BIUSYOE BIYIIZ))
yogruperyez “f “33] ‘900z unf [ ‘N 81 o0

‘1,70 o£1 ‘W g9 ‘proa 2y Suofe ‘nonoanp N Ul puznng jo ae[ia oy jo N wy g ‘A1oy eysaodno(] eate A1l ‘eluayod MN (BIY2IZ)
1B "N "89] “E00Z 1SNBNY T °N 20, EF o6 “d ., L0,5T o£1 W OZE B2 12ans 21 Suoje sadofs

¢ AOINOY-UZ[,, UOLIRIS ABM[IBI 31] JO MSS UD] 9°() *, IOJLIABZ A,, 129108 ‘A0I2J0Y JO aTe[[1A ‘UdZ[J :Uaz[ "NSIP “BILAYOY ‘BIYIIZ)
NoryD °f 89 ‘L00T NIV T N ,,86,€S ok ., L0,8€ o0 W OTE] ‘WMOILMOP 1) UI $83110] ‘HodueLig ‘sad[y-sanep] 1dpp :aouery
A2D

[ 89 ‘900T AINf LT *N ..90.TS ol ‘H .. LY, TT oT W OE11 “YorIESng ap Yoo I ‘YorIESng S s2121q10)) “apny 1dop ‘IpI 2T :20uely
(wapqe-utzeg IWADH °S) 24qInd ‘89] ‘S00T ‘N.. T, [T oIS ‘A .. 0€,20 ob1 W 0] ‘9qeIdssoln) Zusuwrey sIory ‘uasydeg :Aueuiian
BAOYLIYD " % oMYD °f "89] ‘9007 AINf T °N.,L1,01 .08 T

91,76 oS T Wl QLT “QAO[RIY J9PEIH LAON UL [DINYD OY) JO HS U 7' 1S910J ‘PAORIY DOPEIH :QAO[RIY O9PEIH "SIP “BILUAYOY LIYIZ)
Fauu) °f 39[ ‘5007

aunf 67 *N ., 1S, ¥ o6 “H ..L0,SF £ 1 W OGS 182105 E Jo urdrew ‘ae[[1a ayp Jo 1ed N *2015eng :AULdLOY "NSIP BILUDYOY BIYIRZ)
FauyD °f "89] 900 dung

LT'N,. 10,68 o6t A ,,9€,Th oF 1 W Off “2TE[IA 211 JO N UD{ §'| WISIEW ISII0] “AOYD, :POYIAA-EYEI] "NSIP BIUAYOE [ENUI)) BIYIZ])
JeQruperyey

1 "89] 9007 AUN[ N, b0, 1S o8% “H ., LT, 7S oST W O “0Te[IIA 341 JO MSS WY €' 15010] “A03NT :0w(ouZ “NSIP “BIACIOI (BIYIIZ)
yogrupexyez ' "3 ‘9007

KRN 6T ‘N . ¥S.10 00§ “H ,.TT.TS of I W 0SE TPIOALIY pue AY01z0y JO SaFe[[IA A1) UM JSAI0J TYIUACYHEY ISP ‘BIUSYOY TBIYIIZ])
eAOJRUS] g ‘891 ‘6007 1equiardeg

‘U (OOY—0SL “2ARD O[IET 0JONS[OARA(T O} SOURIUS [EINJEU 31} JBaU SYD01 auo)saun] ‘ad103 peidii], sy adopoy [enua)) :euedng
L)

°[ 391 ‘9007 AINf LT N ,,90,TS oTF ‘H ,,LF,TT oT W OE11 ‘Yorredng ap Yoo N ‘Yorresng :SIN s2131q10)) 2pny 1dep ‘IpI 27 2ouely
YouyD) °f 3af ‘S0z ISNENY €1 N ,, €6, 1€ oLt H ,,$5,6T of | W OF6

‘neson) Jo a3e[[IA 21 JO M SS U 9 “YUBQ AN UO 8201 *(2)e] UIBIJUNOLI) 22SNEBSOL) I210PI0 A JISSBUI UIAJSYIE(] ‘YOISLIIS0Iaq() (BLISNY
(S) PUANIN ‘N "89] ‘900 ISNBNY 0F N, €T oZF “H L o81 W OSET ‘UIPAOT I “10J0 :0IF2UUO

03BN "D "13P ‘O[[3SSOY 'V [ ¥ OABW

"D NouyD [ 321 ‘900¢ AIN[ €N ..S1.91 oTh “H ,.¥E.0€ o] “#84n-van s0}Aydpisorosy Juneuruop yyrs 1s210) aurd e ur wirewr peos ‘ur
0091 ‘a3e[[1a 211 Jo g§ uny | ‘sadojs AN ‘03pi1 urejUNOWI 1pER)) [3p BUIAS ‘USLIPY ]3I0, p nag v "nsip ‘epuy| ‘Aoid ‘eAunjeie)) :utedg
AOIUIIPEIA * A %9 ¥ozg 7

19p YaQuupeIyey [ 89 ‘9007 ISN3NY ‘N, 9%,6T oTt “d ,,£T,06 061 W 0081 1N wrealeq Jo MN WY [ ‘5201923 “Wed N EIUEqTY
NauyD 't 2] ‘900z

A $7°N L, LT.S1 o2t T ,,T0,01 oT ‘W 06T ] 19581 op saqry pue [[odny udamIaq PeO 211 1€ 001 ‘eu0Idn) “Aoid ‘ehunfere) :uredg
NouyD [ 89] ‘9007 10quiaidag "N ,, 7T, ¥T 9% ‘A .. 1. €1 £ W 016 Wnan|[e

[2ARI3 Jo urdrew ‘9908 nuIAzt 01d ©ROY, 19[BYD A1 JO A\ U ¢°() “Ad[[eA vual] elupeyz :ejuai] jo adeqpia “siy oad[y aysling e1uaA0lS

LOETH

€0t H

6CC1 H
LEZTH

S0ZTH

90Z1 H

80CI H

001 H

CSITH

SL8H
WtElH

SLITH
£FCl H

S9ITH

[£01 H

¥OITH

0911 H

0SITH

8CCIH

8811 H

901 H

0STI H

CLITH

SITIH

ILITH

0ECI H

wnnd 1y

Sejozg 3 aormupe[p avaosad B
11 "sstog wmsouund “ff

1 sstog wnsowund ‘g
‘sstog wnorduidjo gy

onueq wnup2320U “ff

] W40 "]

A Huosmo] f

“PILA tnip3iaan] |

1eng nppuyos] H

AOTUNPRIA 2DUDLLY “F]

“boer agruny g

unng (‘[201]) wnudSoaa12y Iy

IBL) 'D) W "ANO] ALY Y ULI2I0UMAS T
‘Jued X2 "qasur) wnjpydasouwds fy

ANO [~ AT MDNOS Iy

70



ST°N .. ¥ '€5.0€ o0S "d..ST.65 o£1 W LOE "OTE[[IA ) JO N Wl (0§ “2do[s T “[[1] Q210g oY) "P210g] :20LQUIONT "ISIP “BILSYOF BIYIIZ])
yourg) 't *89] ‘6007 AeIN

ST °N,,tS,0€008 ‘H,,S1,65 of 1 W Ot¢ “a8e[[IA o jo N W (08 ‘2dojs MN ‘(1 2010¢] Y “P210g] :20LRWIONT "NSIP “BIWAYOF BIYIIZ))
pAODNYRLY

V% o9muery A '89] ‘9007 2unf 67 ‘N . 81.7¥ ol ‘H .. 1€, 1€ o£T W #STTSLIT e[ (S0qzag)) 03z0qzag “sIA ulild :euesng
BAOD[NUETY "V 29 d9[nyery] * “F9 ‘900z suny

€T 'NL.LOVE oTF “H,.95.L1 o£T ‘W (00T *2419801 210ydso1q djgtuesg ONSLSIE “BSONA A JO 2dO[s [N 'SIA BSOUA ‘BljO§ ‘eLeS[ng

NoHyD °f "89] ‘L00T 2unf ‘N ,,£T.€€ o0 ‘A

,.80,70 ob1 W 66T “2Te([1A 21 JO MSM WY /() SUISSOID B JBdU “NAWEY :90LJLONT "USIP ‘SIA HOYOPIS 93S2)) ‘BIUIAYOF MN] (EIYIIZ))
(§) wednneg “§ ‘891 ‘p00T AIN[ N ,, 10,70 o1 ‘I ,,8F,£S o¥[ W OTT ‘JOPZISG-NEUQYDS “NENIZ-NEGO] “NSIP * ZPSNELISG(Q) AUBuLIDD

R Eiklie]

°[ "897 *900T 2unf 87 ‘N ,,81,£0 405 “H ,.¥1,+T ob1 W 0FZ ‘Ped e Fuofe puejgeay 201Ul gisng, ‘elo1]-eyeld ‘eqeld ‘BlUGOg BIYIAZ))
2D 1 891 *900Z AINf +T N, +5,90

oI ‘.. ¥T.6F o] ‘W g0R “22e[d Sunyied ayy mofaq w oz Bo $001 ‘e1ang) Jo Aryseuown ‘efiag euojeareq "aoixd ‘eAunjeie)) ruredg

[aF= 1154 A

"D 1P “Q[IaSS0Y "V [ 3§ ORI "D Ny [ "89] ‘9007 AInf TT ‘N, 1'L0.TE oZt ‘A .. 1'TS.LE ol “HE W (10T 8210 urerunow 33|

Eur mno._uﬁxv hu—oOH ‘UMO) AP JO Wy §'¢ ,_._ﬁ—U [P NV A JO monnam MN .mum0>vﬁ— S9[ ap Ny jo .ho=m> ,n_E.moﬁm ..w:& SNaULll] [eLIopuy
(S) oaurpery 1

2% s9[nyery] *f ‘32] ‘900z 1oqualdag 87 ‘N ,, 06,87 o8 “H ,, ST, 81 0T W LOE “BJBUIOL, JO MNN WY §'¢ “BINAY “HSIP “ISUIAL) EM{EAO[S
Youy) ' *89] *900z requendag 71 'N .. SL.LO

08 “A .. L0.FE 091 W OSE ‘Uones Aemjres ay) Jo MN unj £°( Auenb e seau ‘10110 pr 2201 ‘LIIQ PEU AS[) NSIP “BIUBYOF H (BIYIZ)
Fauy) f 9] ‘g00z Jequuandag

LT N ,.TE.€S 8% ‘9 ,,60,6F oS W OLE “3Be([IA 3y JO TS U] 9°() 18210§ ‘A peu AOURIA ‘OwfOUZ “NSIP ‘BIABIOI MS BIYIZ))
OI[PSs0Y 'V [

3 02BN "D WMD) ' B[ *900T AINS TT N .98, €€ oZF ‘T .. 11.9€ oI W 0£ST “0Te[[1a oY Jo WIBrew FS “O[[IUL) ‘SIA SNOULIL] (BLOPUY
‘Te 12 youry) 89y “Lo0g 1sndny T °,, 7€, 66

W ad ,m LoF. 179 w OFLl .ugﬁﬂumﬁﬁczmc uma:.; U1 JO ASM Uy €7 ._mu:m> eur mvﬂcﬁm uﬂcaqm.ﬁm ﬁ@n:{ samey .u&ﬁ ouely

ZRIN "d "89] ‘00T dUN[ N, L€, 70 oSt .. 1,81 o90 W 00 [ B2 “dFe[1A oY) MO[2q ‘dArIn) v ‘sad[y sainey 1dpp :aoue1]

JoQrupeIyez “r 53] ‘9007 AM[ ‘N, LT 9% -0S “q ,.8C

LE€ oST W g7 ‘ed oy Suofe “anbiio [e108]8 Auzatug o100y ARy :MONIBIUSE[ “SIA] SZSOUONIEY ‘ATYSISOU[Op 0MIZPOMI[O M PUEO
MUY [ 29 $AIA ' “39[ ‘00T 1OqUIBAON 6

‘N ,,TE .91 o9 “H,,9€ ,£€ o€ 1 ‘W SEE ‘PLIBAOY 0} PLOI Y} 18U ‘190G qO OAOUAT, Byu1] sy ad]y 2s[inr ‘uor3ar eySIOWLI] (BIUAAO[S
Zea “d % ¥OHYD [ 891 ‘5007 AINr 9T °N ,,9€,LT o9F ‘A

..§0,0€ ob1 W g1, “oBey[ia oyp Jo MSM uny / “Wed N “28108 wuwers ;ouradoi ], ‘[oddeuasiy peq :sPA U UEMEIEY] ‘BIIULIE)) [BLISNY
ZIN *d 29 YHUD [ "S2] *S00T AT 97 ‘N ., 1"L0,LT 9% “H ,,§ 0T, ¥E o[ ‘W RSO “UMO] Y1 JO MSS WY &' YIE[[2A

peg 0] prO1 21 1eaU (HO1UlJ-00147 3dURI[[e) Sisa10] auld pue $(o01 auojsawn] ‘[addesuasig peq :'SIN UDJUBMEBIEY AU} ‘BIYJULIE)) (RLISNY
Serozg "7 10p Negruperyey ' 391 ‘9007 Sn3ny ‘N ,,0F .87 oIt

1,66 .87 o61 W Q00T “8pIIq 31} Jeau ‘uoAue 3y} Yoy ALMJIEY ‘UISBOY JO MS U $E “JAAL EIALIA A1) JO UOAUED) (0IFaUUOIN
[2 39 1213 [ YAy °f "89] ‘9007 Pquindag

L°N ,.TT9T 9% “H .01, 8€ of 1 ‘W T [ ‘2uoisawr] ‘sadojs Mg ‘(W 00zg) MuAel], I ‘woneduey pod So7 *sypy adpy ayyslipng ‘eruaso[g
Te 38 JIya [ Yoy °f "89] ‘900z toquiardag

LN ..TT.9T 9t "4 ,,00.8€ o1 W O[T “duoysau] ‘sadojs M§ (W 007Z) Nuael], IN ‘woneduey pod o7 ‘s ad[y aysliny ‘eruaaolg
Te 12 ¥y °f 89 *L00T

1030V € °N ,, 9%, 0 oSt “H ,,LT,5T o9 W 09TT DIO[[BA JO 2TE[1A 21 JO § UD] 6 2xe] UEIUNOW A1) 2A0qe sadofs ‘atoAeg 1dop :eouer]
ZeI *d "89] ‘g0OT 1SNBNY €7 ‘N .. 1Z.0€.9% “H .. 5. 10,60 W OT1T ‘(geduainidg) eSnjdg ofjap osseq ‘einidg ‘sdyy :Ajey

ZRIN

"d "89] 'S00T AINf 6T A, 1,17 €1 N ,,01 ,5§ o9F ‘W SZZT ‘[PUUM U1 JO § ‘NNH HI21aY ‘ZIUqOY ‘UIANE [, SYOH ‘UAWIEY eLnsny
ZRIN “d % ¥OMYD °f B2 ‘S00T AINf LT N ., 027.5S o0F ‘A

LS, 1S o1 ‘W 0] 7T ‘WY BWRIOUR 2A0QE ‘MBUAYIIY dUaqH Jo a8e[[1A ay) Jo N ‘QUoH Jayderm ], uady Io[epynn ‘enjjuLe) :eusny

SCOT H

Y201 H

0ZET H

ISTIH

SSTIH
8601 H

€ITH

vLITH

ELITH

0¢Cl H

€SI H

PL8 H

LBITH

11T H
SCIH

I91TH

0801 H

€S0 H

¢SOTH

8ICI H

/92T H

1/9¢Z1 H

80€1 H
S¥81d

1081 d

501 H

yosne L prufs f

*ALL] wnsavds [y

" wnpnogos

Z19y a( 1apodad “Ff

"QAsLID) HPUOWDL "]

‘PIITAA X2 “ITY 12 ISP[BA\ WNSOW2IDd "F]

I TIIA Soproyuvtaad “(f

T A Saproynmta.d

] wnigofiiiod By
Wiy "y wnsopnuwnyd “fJ
TI 1201 X2 "Y2IR[yag umsoprd [

*] "[e01] Xa "yara[yas wnsojid ‘fy

addoy wn.afipid gy

71



Sery ¥ 897 ‘00T ‘ueyaIn], a5e[[IA a1 JAAO [ppES ‘OdNUWIN(E ] NUBIB[OA :B[BWAIEND)
uos[iA 7] 597 ‘ueSIYII SajEIS paltuf)
Nery Y ‘So7 *L00Z ‘Seurjewnydn,) 50] BIAIS 1R[EWJEND

(wa[ye-urpieg WEDE ‘S) Zieg/moisry 53] ‘w Oz ‘newreg jo m “feny Mysleiy ‘euaqrs eissmy

(10180 uapien) [B1URIOH °S) |, SO,LI ol¥ “H .. 17.6F o6€ W OS] ‘UMOI 313 JO AJUIOIA ‘NUOC]-BU-A0ISOY :RISSIY

Te 12 YouryD [ "89] *L00Z ISNBNY € N, 1T, #0 oS¥

AL EPPT o9 W ORET ‘duOI[EA JO 2Te|[IA 3Y) JO § Uy (] e[ urRUNOW Ay JAGIED NP [0 (JO N) Mmojaq sadojs ‘ajoarg 1dap saoueLy
Fouy) °f ‘89| ‘500z dung

81 °N,,61,LS o8% ‘T, tF, LT 081 W O] ‘SYI0I SNO2IBI[ED “TOIFAI JIUIINS ‘AOZENS IJA] ‘RAR][ "1SIP ‘SI AY2IA 2YSAOZENS ‘BT RAO[S
(wayye-urjzeg

WEDE 'S) wuny ‘32] *S00Z ‘N ,,$0,5% oFS ‘H ,,80,L1 o8 ‘WI (T ‘WINIOH YAS JO PUE[ST ‘PUB[SALGPION ‘UIRIS[OH-FIMSI[YIS :AuLmIIan
Jeuy)

[ 821 '900T 2unf 87 ‘N ., 81,L0 60§ “H ., ¥1,¥T ob1 ‘W OpT “Wed € Suoe pueyieay *,201uia gisng, ‘efor] -eyeid eyl ‘enuayog ‘ejoez)
epazg 7 12p 18 2] ‘00T 2unf LT ‘N ,,00,0T oF§ ‘T ,,LT,TO «61 "W § “Teuer ‘Iseod onjeg ‘anyjsiowod oazpomalo p :puejog
yopupeayez [ “8a] ‘00T Jaquiandag 61 ‘N, €1,9 oLt “H ., 1€, 1T obT ‘W 00T] 240 Jo 2Fe|[1r

ay) jo g ‘(padrew pai) [ren oy Suofe adofs AN (W ORF1) EXYSEqaRIag I ='SIN Ad, [V 13, soreuuejy ‘exsiedieyez se[qQ) :ouienyn)

Te 32 yauyD) 'f “83] L007 1SNB0Y 7N ,,0€,10 o5% ‘T ., 06 ,LT o9 ‘W

09L] “a8e[ia 21 Jo M N U 69 ‘21ENe] NP [0)) 03 prol Y uo 2oe[d Sunjied e 1esu suleg-saj-1on2uoy 2] ‘sad[y s2ney dop :ouery
Te 12 yauD

1 891 “L00T 1080V TN, €€, 7S ofb H ..TS .8E o9 W 09E] ‘Sen2[[ES S2p 10, 0} yred e seau ‘uodueng ‘sad]y sainep Idap eoues|
ZBIN “d % ¥oMyD ‘[ 821 *5007 113Ny 8 'N 61 .80 obF “H ,, LS €€ oLO W [EE] “2Te[[IA 21 JO

MNN Wy 9 Juﬂ.ﬂa A 2A0qe Uy C7() BD .uﬁde 2p 10D 241 0} peol pjo ay} w:oﬁm .v_udu._. ”mhov_ _m._ Jo hu:m> ,mu—a—._a_.:mz wu&—.{ .unmﬂu 2OUel]
2N “d "89] ‘900T 290190 ‘N ,,ST .¥T ot H ,,01 4T ob0 W 00S 23e[[1A 341 JO

HS U ¢°¢ 82 °, 00y p1uod 9, jo u:monﬂo .Dm.m { pealay) wcomm SOOI SNOJAIELI[BI JO SAAID 101y P JUOd UO[BA .onowﬁh{ ,Enuﬂ. ouel]
yoruperyey “f 321 ‘9007 AINf *,, 9T, 10,0 *d ., T8, TS of 1 W OTE IRNOAL "NIUAONEY "NSIP ‘BILIYOF [ENU)) (BIYOIZ)

FouD [ 9] ‘5007 ABIN

€601 H
001 H
enp

8¢l H
SIElH

S0t H

6201 H

YwZl H

WITH
1201 H

LLOTH

CIElH

10£T H

9901 H

€ECIH
ISITH

“ds wnov.aa1fy

2 X2 [e01] wniqnas [y

NreuLako)g ¥ A2[purls asuaypiuaipns Iy
WHIIDIOUONY)

“Ted wnsoda gy

‘11 ‘boer wnsoppa gy

1 ‘boer wnsoppa g

T wmpjquin [y

"JNQH WRITUDAJISSUDA] “F]

T Wnsojuawio] "ff

‘[201] win42311218 "

72



Folia Geobotanica 42: 411-430, 2007
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Abstract: Chromosome numbers and /or ploidy levels are reported for 44 species and subspecies of Hieracium
s.str. from the following European countries: Andorra, Austria, Bulgaria, Czech Republic, France, Italy,
Montenegro, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland and Ukraine. The chromosome
numbers/DNA ploidy levels of H. bocconei (2n ~ 4x), H. bupleuroides subsp. leviceps (2n =27), H. caesioides
subsp. caesioides (2n=27), H. basifolium (H. caesium agg., 2n = 36), H. plumbeum (H. caesium agg., 2n = 36),
H. glaucum subsp. nipholepium (2n =27), H. gouanii (2n = 18), H. gymnocerinthe (2n=27), H. ramondii (2n =
27), H. recoderi (2n = 18), H. stelligerum (2n = 18), and H. tomentosum (2n = 18, 2n ~ 2x, 2n ~ 3x) were
determined for the first time. New ploidy levels are reported for H. cerinthoides s.str. (2n=27), H. humile (2n=
36), and H. tommasinianum (2n = 27).

Keywords: Compositae, Europe, Flow cytometry, Polyploidy

INTRODUCTION

Hieracium L. subgen. Hieracium (Hieracium s.str.) is one of largest and taxonomically
most difficult groups of the Asteraceae. It comprises perennial herbs distributed in temperate
regions of Europe, Asia, northernmost Mediterranean Africa, and North America (and
introduced to several other regions, e.g. to New Zealand). Hieracium subgen. Hieracium
forms an immense agamic complex with a base chromosome number of x = 9. Generally,
polyploid taxa (triploids, tetraploids, and very rarely pentaploids) prevail in this subgenus
(SCHUHWERK 1996, CHRTEK et al. 2004). Diploid species (or diploid cytotypes of otherwise
polyploid species) are much less frequent and mostly confined to certain geographical areas.
They have been mostly reported from SW Europe, the Eastern Carpathians and Balkan
Peninsula (e.g. MERXMULLER 1975, CHRTEK 1996, SCHUHWERK & LIPPERT 1998, MRAZ
2003b, VLADIMIROV 2003, VLADIMIROV & SZELAG 2006, CASTRO et al. 2007, SZELAG et
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al. 2007). Recently, hexaploids (2n = 54) and heptaploids (2n = 63) were found in Hieracium
virosum PALL. (PULKINA & TUPITSYNA 2000).

Until now all examined diploid species are sexual and self-incompatible (SI). However,
the SI system can fail under the influence of heterospecific pollen on the stigma (mentor
effect; MRAZ 2003b, MRAZ & TOMCIKOVA 2004, MRAZ & PAULE 2006). In contrast,
triploids, tetraploids and pentaploids are agamospermous. Development of unreduced
embryo sac follows the “Antennaria type” of diplospory, i.e., the female meiosis is fully
omitted (e.g. NOGLER 1984). All hitherto studied plants showed autonomous endosperm
development, i.e., the plants are not dependent on pollination. However, some irregularities
have been reported showing remnants of sexual processes in the female meiosis and
development of the female gametophyte (BERGMAN 1941, SKAWINSKA 1963).

Although chromosome counts for many Hieracium species have been published (see e.g.
SCHUHWERK 1996), there are still considerable gaps in our knowledge of karyological
diversity and its geographic pattern. As ploidy level is well correlated with the mode of
reproduction (see above), detailed knowledge of chromosome numbers in particular species
plays an important role in forming hypotheses about evolutionary potential of the species and
evolutionary processes in the genus. In this paper we report chromosome numbers and/or
ploidy levels for 111 accessions (91 accessions for chromosome counts, 19 for flow
cytometry, and one for both of them) from 45 taxa from Europe. In most cases we adopted the
taxonomic concept proposed by ZAHN (1921-1923). In Hieracium alpinum L., H. caesium
FR., H. nigrescens WILLD., H. rohacsense KIT. and H. waldsteinii TAUSCH (all s.l.) the
narrow species concept is accepted (microspecies grouped in an aggregate species/group).
Species concept of the section Cerinthoidea follows MATEO (2005).

MATERIAL AND METHODS

Plants

Plants were collected between 1996 and 2006 from their natural habitats and transplanted
in the experimental gardens in Prithonice near Praha and in KoSice, except of H. eriophorum
ST.-AMANS, which was grown from seeds collected in the field. Pot-grown plants were kept
in either field conditions or in an unheated greenhouse. Voucher specimens are deposited in
the Herbarium of the Institute of Botany, Academy of Sciences of the Czech Republic,
Prhonice (PRA, plants counted by JC and JZ) and Herbarium of the Institute of Biology and
Ecology, P.J. Safarik University, Kogice (KO, plants counted or measured by flow cytometry
by PM). The numbers given in parentheses after each locality refer to cultivation numbers.

Chromosome numbers

The studies were made on the root-tip meristems of pot-grown plants. Two different
methods were used:

(i) actively growing roots were placed into pretreatment solution of saturated
p-dichlorbenzene and kept for 3—4 hours at room temperature, then fixed in a mixture of
ethanol and glacial acetic acid (3:1) overnight at 4 °C and stored in cold 70% ethanol at 4 °C
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until used. The squash method and staining by lacto-propionic orceine were used (DYER
1963). (Method used by JC and JZ).

(ii) root tip cuttings were pre-treated with 0.5% solution of colchicine for 1.5-3 hours at
room temperature, fixed as above, stored in 70% ethanol at 4 °C and hydrolyzed for 7-10
minutes in IN HCI at 60 °C. The squash and smear method with cellophane replacing the
glass covers followed MURIN (1960). Giemsa solution in phosphate buffer was used as a stain.
(Method used by PM).

DNA ploidy level estimation

Analysis of relative nuclear DNA content was performed with a FACSCalibur instrument
(Becton Dickinson, USA) equipped with an argon-ion laser exciting at 488 nm in the
Laboratory of Flow Cytometry, Institute of Biology and Ecology, P.J. Safarik University,
Kosice. Sample preparations were carried out in a two-step procedure (OTTO 1990, DOLEZEL
& GOHDE 1995). Approximately 1 cm? of leaf tissues of both the sample and the reference
internal standard were chopped together for about 30 s in a Petri dish containing 1 ml of
ice-cold Otto I buffer (0.1 M citric acid monohydrate + 1 ml 0.5% Tween 20 adjusted to
200 ml and filtered through a 42 pm filter). The filtration of chopped sample through 42 pm
nylon mesh was followed by centrifugation at 150 g for 5 min. The supernatant was removed
and 100 pl of fresh Otto I buffer was added. The nuclei in the pellet were resuspended and
stored for 30 min at room temperature for incubation. For DNA staining 1 ml of Otto II buffer
(0.4 M disodium hydrogenphosphate dodecahydrate) including propidium iodid (PI, final
concentration 50 pg/ml), ribonuclease (Ribonuclease A R5000, Sigma, final concentration
50 pg/ml), and 2 pl mercaptoethanol was used. As an internal reference standard we used
leaves of Zea mays CE-777 (2C =5.43 pg). To estimate DNA ploidy level of analyzed plants,
the exact position of peaks of previously counted di-, tri- and tetraploid Hieracium taxa to the
peak of standard was measured. As diploid taxa we used H. umbellatum L. (cult. no.
UMBI12JP, chromosome number published in MRAZ 2003b, and further ca. 10 plants of this
species cf. TOMCIKOVA 2006 and unpubl.) and H. tomentosum (this paper), as triploid
H. sabaudum s.1. (cult. no. 872, CHRTEK et al. 2004) and tetraploid H. carpathicum BESS.
(cult. no. 1150, CHRTEK et al. 2004). The ratios between nuclei fluorescence intensity of
internal reference (Zea mays) and above mentioned Hieracium taxa were as follows:
H. umbellatum (2x) 1.4-1.5, H. tomentosum (2x) 1.33-1.37, H. sabaudum s.1. (3x) 1.95-2.0
and H. carpathicum (4x) 2.5. Coefficient of variations (CV) of the peaks of internal standard
adjusted at channel 100 ranged from 3.5% to 6.9% (with the most frequent value about 5.5%),
and CV of peaks of measured samples varied between 3.0% and 5.6%. Only plants with clear
peak positions corresponding to distinct ploidy level were included in the present study. DNA
ploidy level estimations are given by the following formula “2n ~”.
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RESULTS AND DISCUSSION

Hieracium alpinum agg.
Hieracium halleri VILL. 2n ~3x

Localities

1. Switzerland, cant. Valais, Alpes valaisannes: Col du Grand Saint Bernard, E of the col,
7°10"19" E, 45°52'02" N, 2560 m, 25 August 2005, leg. P. MRAZ (H1823, analyzed by
PM, peak ratio 2.05).

2. Switzerland, cant. Wallis, Walliser Alpen: Furkapass, ca. 200 m S of the col, exposed
slopes with Salix herbacea, 2457 m, 8°24'49" E, 46°34'22" N, 24 August 2005, leg.
P. MRAZ (H1839, analyzed by PM, peak ratio 2.03).

3. Switzerland, cant. Graubiinden, Albula Alpen: Davos, Fliielapass col, 2354 m, 9°57'54" E,
46°44'36" N, 22 August 2005, leg. P. MRAZ (H1829, analyzed by PM, peak ratio 1.94).

Triploid chromosome counts were reported from the Western Carpathians (CHRTEK
1997b, MRAZ 2001, STORCHOVA et al. 2002) and by SCHUHWERK & LIPPERT (1999) from
the Austrian Alps.

Hieracium amplexicaule L. 2n =36

Locality

1. Italy, Trentino-Alto Adige, Gruppo dell” Adamello: Passo del Tonale, Mt. Monticello,
E slope, near the road, 2 km SE of the col (monument), 2180 m, 29 August 2005, leg.
J. CHRTEK & P. MRAZ (H1073/1b, H1073/2, counted by JC).

Hieracium amplexicaule subsp. amplexicaule 2n =27

Localities

1. Austria, Carinthia, Hohe Tauern, Goldberggruppe: Innerfragant, near the old (not marked)
path to the Fraganter Hiitte, ca. 1 km SW of the village, rocks above the brook, 1233 m, 28
July 2005, leg. J. CHRTEK & P. MRAZ (H 1050/3a, H1050/4, counted by JC).

2. Austria, Carinthia, Hohe Tauern, Ankogelgruppe: Stappitz near Mallnitz, Seebachtal
valley, Zelenigleiten, 4 km NE of the village, wet rocks, 1360 m, 13°10'45" E,
47°01'12" N, 29 July 2005, leg. J. CHRTEK (H1055/2, counted by JC).

3. Spain, Catalunya, prov. Gerona, Pirineos Mts.: Queralbs, along the road to Casa dels Plaus,
near the brook of Torrent dels Plaus, 1480 m, 27 August 1996, leg. K. MARHOLD (H346,
H347, counted by PM).

4. Spain, Catalunya, prov. Gerona, Pirineos Mts.: Queralbs, along the tourist path from Dai6
de Baix to Refugi Manelic, near the brook of Freser, 1750—-1950 m, 24 August 1996, leg.
K. MARHOLD (H352, counted by PM; H354, counted by JZ).

Three chromosome numbers, i.e., 2n = 18, 2n = 27 and 2n = 36 have been reported in this
collective species. Triploids (2n = 27) referred to subsp. amplexicaule were found in the
Pyrenees (SCHUHWERK & LIPPERT 1998) and in the Sierra de Baza Mts. in southern Spain
(CUETO ROMERO & BLANCA LOPEZ 1986), triploid counts without an exact identification of
subspecies were reported from the Alps (GADELLA & KLIPHUIS 1970), Morocco (cf. subsp.
olivicolor JAHAND. et ZAHN; VOGT & OBERPRIELER 1994), Spain and Balearic Islands
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(CASTRO et al. 2007). Chromosome number 2n = 27 was also found in plants of subsp.
berardianum (ARV.-TOUV.) ZAHN from the Austrian Alps (SCHUHWERK & LIPPERT 1999)
and of subsp. speluncarum (ARV.-TOUV.) ZAHN from the Serra do Geres Mts. in Portugal
(FERNANDES & QUIEROS 1971). Tetraploids (2n = 36) of H. amplexicaule were reported by
GENTCHEFF & GUSTAFSSON (1940) and QUEZEL (1957). The same chromosome number has
been found in plants referred to H. pulmonarioides VILL. from British Isles (MILLS & STACE
1974) and from botanical gardens (ROSENBERG 1927, GENTCHEFF 1937). Recently, CASTRO
et al. (2007) revealed for the first time a diploid cytotype (2n = 18) in plants from Spain.

Hieracium bocconei GRISEB. 2n ~ 4x

Locality

1. Italy, Alto Adige, Deferegger Alpen: Passo Stalle (Staller Sattel), S slopes, 1954 m,
12°11'46" E, 46°53'24" N, 30 July 2005, leg. P. MRAZ & J. CHRTEK (H1816, analyzed by
PM, peak ratio 2.41).

To our best knowledge this is the first record on ploidy level for this species.

Hieracium bupleuroides C.C. GMEL. subsp. bupleuroides 2n=27,2n~3x

Localities

1. Austria, Vorarlberg, Allgduer Alpen: Baad, between Starzel Joch (1867 m) and Hochstarzel
(1974 m), 20 July 2002, leg. P. MRAZ (H1235, counted by PM).

2. Slovakia, distr. Ilava, Biele Karpaty Mts.: VrSatské Podhradie, castle ruin of Vrsatec,
770 m, 15 June 2005, leg. J. CHRTEK (H1033/2, H1033/3, 2n = 27, counted by JC).

3. Slovakia, distr. TvrdoSin, Chocské vrchy Mts.: Kvacianska dolina valley, upper part, 2 km
SW of the church in the village of Huty, limestone rocks, 765 m, 19°32'58" E, 49°12'16" N,
17 August 2006, leg. J. CHRTEK & S. CHRTKOVA (H1209/2, 2n = 27, counted by JC).

4. Slovakia, distr. Poprad, Slovensky raj region: Stratena, calcareous rocks and small screes
above the road near the upper end of the road tunnel, ca. 840 m, 9 July 2005, leg. P. MRAZ
(H1755, 2n ~ 3x, analyzed by PM, peak ratio 2.0).

5. Slovakia, distr. Gelnica, Volovské vrchy Mts.: KojSov, Turniska in the massif of Murovana
skala, 1 July 2005, leg. P. MRAZ & V. MRAZOVA (H1752, 2n =27, counted by PM).

Hieracium bupleuroides subsp. leviceps NAGELI & A. PETER 2n=27

Locality

1. Austria, Oberosterreich, Dachstein massif: Vorderer Gosausee mountain lake, rocks on
NW bank, 6 km SSW of the village of Gosau, 940 m, 13°29'55" E, 47°31'53" N, 13 August
2005, leg. J. CHRTEK, det. F. SCHUHWERK (H1063/2, counted by JC).

Hieracium bupleuroides subsp. tatrae (GRISEB.) NAGELI & A. PETER  2n=27,2n~3x

Localities

1. Slovakia, distr. Poprad, Slovensky raj region: Vernar, S part of the village, limestone slopes
above the road, 780 m, 20°16'07" E, 48°54'50" N, 5 August 2005, leg. J. CHRTEK &
K. CHRTKOVA (H1062/1, 2n = 27, counted by JC).
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2. Slovakia, distr. Poprad, Slovensky raj region: Stratend, calcareous rocks and small screes
above the road near the upper end of the road tunnel, ca. 840 m, 9 July 2005, leg. P. MRAZ
(H1754, 2n ~ 3x, analyzed by PM, peak ratio 1.95).

Triploids seem to prevail in this rather variable taxon. CHRTEK et al. (2004) reported
2n =27 for plants identified as subsp. gmelinianum (= subsp. bupleuroides) and subsp. tatrae.
The same number was found in H. bupleuroides from the Slovensky kras region (southern
Slovakia) by Murin and Uhrikova (in MAJOVSKY 1970). Further triploid counts come from
the Bavarian Alps (SCHUHWERK & LIPPERT 1999), the Austrian Alps (POLATSCHEK 1966,
SCHUHWERK & LIPPERT 1999 — plant referred to subsp. bupleuroides) and from northern
Bavaria (SCHUHWERK & LIPPERT 1999). CHRISTOFF & POPOFF (1933) also published the
same chromosome number, but the locality was not given. A tetraploid chromosome number
was given for plants from Montenegro (NIKETIC et al. 2003, 2006; H. bupleuroides subsp.
pseudoschenkii ROHLENA & ZAHN), Slovakia (CHRTEK et al. 2004), and southern Poland
(SZELAG & VLADIMIROV 2005).

Hieracium caesioides ARV.-TOUV. subsp. caesioides 2n =27

Localities

1. France, dépt. Alpes maritimes, valley of Roya: Tende, along the old road to the Col de
Tende, ca. 0.5 km above the tunnel, 6 km NNW of the village, 1331 m, 07°33'57" E,
44°08'19" N, 28 August 2005, leg. J. CHRTEK & P. MRAZ (H1067/4, H1067/5, H1067/6,
H1067/10, counted by JC and JZ).

2. France, dépt. Alpes maritimes, valley of Roya: Tende, Mt. Cime de Salante, S slopes near
the marked path, 8 km NW of the village, 2080 m, 28 August 2005, leg. J. CHRTEK &
P. MRAZ (H1068/2, counted by JC).

This is the first chromosome number record for H. caesioides.

Hieracium caesium agg.
Hieracium basifolium (FR. ex ALMQ.) LONNR. 2n =36
(H. caesium subsp. basifolium sensu ZAHN)

Locality
1. Sweden, prov. Géstrikland, par. Hille: dry road/forest margin at Oslittfors, ca. 15 km NW
of Givle, July 2006, leg. et det. T. TYLER (H1227/2, counted by JC).

Hieracium plumbeum FR. 2n =36
(H. caesium subsp. caesium s. str. sensu ZAHN)

Locality

1. Sweden, prov. Gotland, par. Hall: open limestone scree by the sea 1.3 km SE of Hallshuk
(close to the NW point of the island of Gotland ca. 40 km NNE of Visby), July 2006, leg. et
det. T. TYLER & A. SENNIKOV (H1231/3, counted by JC).
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The presented numbers are the first for the respective taxa. Chromosome number 2n = 36
has been reported by SCHUHWERK & LIPPERT (1999) for subsp. caesium from Bavaria
(Germany) and subsp. carnosum (WIESB. ex DICHTL) ZAHN from Austria.

Hieracium cerinthoides L. s.str. 2n =27
(H. cerinthoides subsp. cerinthoides)

Locality

1. Spain, Catalunya, prov. Lérida: Os de Civis, 1 km WSW of the village, margin of a pasture,
1720 m, 21 July 2006, leg. J. CHRTEK, G. MATEO & J. A. ROSSELLO, det. G. MATEO
(H1176/1, counted by JC).

DELAY (1969) found 2n = 18 in Hieracium cerinthoides. However, taxonomic identity of
the counted plants is not clear; they might belong to another taxon within the H. cerinthoides
species group.

Hieracium cordifolium LAPEYR. s.str. 2n=18

Locality

1. Andorra, Pirineos Mts.: near Bixessarri (NW of Sant Julia de Loria), valley of Torrent dels
Llimois, rocks and margins of a path ca. 100 m from the street, 1.5 km NW of the village,
1305 m, 21 July 2006, leg. J. CHRTEK, G. MATEO & J. A. ROSSELLO, det. G. MATEO
(H1177/2, counted by JC).

CASTRO et al. (2007) determined diploid and triploid cytotypes in this species. Previously,
SCHUHWERK & LIPPERT (1998) reported 2n = 18 for H. cordifolium subsp. neocerinthe (FR.)
ZAHN and 2n = 27 for H. c. subsp. eriocerinthe (FR.) ZAHN.

Hieracium eriophorum ST.-AMANS 2n=18

Localities

1. France, dépt. Landes, Labenne: plage de Labenne Océan Sud, 27 September 2006, leg.
E. FOREY (H1221, counted by JC).

2. France, dépt. Landes, Seignosse-le-Penon: plage de Estagnols Seignosse, 27 September
2006, leg. E. FOREY (H1222, counted by JC).

3. France, dépt. Landes, Vieux-Boucau-les-Bains: plage de Vieux-Boucau, 27 September
2006, leg. E. FOREY (H1223, counted by JC).

The same number was published by MERXMULLER (1975).

Hieracium glaucum ALL. 2n ~ 3x

Locality

1. Austria, Carinthia, the Karawanken Mts.: Bad Eisenkappel, limestone rocks and pine forest
(alliance Erico-Pinion) near the road to Bad Vellach, 4.5 km SSW of the town, 658 m,
14°34'20" E, 43°27'07" N, 26 July 2005, leg. J. CHRTEK & P. MRAZ (H1757, analyzed by
PM, peak ratio 1.96).
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Hieracium glaucum subsp. nipholepium NAGELI & A. PETER 2n=27

Localities

1. Slovenia, Primorska region, Julijske Alpe Mts.: Trenta valley, ca. 1 km W of the village of
Podklanec, near the road Vrsi¢ — Bovec, 425 m, 9 November 2005, leg. B. VRES &
J. CHRTEK (H1081/2, counted by JC).

2. Slovenia, Primorska region, Julijske Alpe Mts.: near the road from the col of VrSi¢ to the
Trenta valley, 1020 m, 9 November 2005, leg. B. VRES & J. CHRTEK (H1083/3, counted by
JC).

3. Slovenia, Primorska region, Julijske Alpe Mts.: Zadnjica valley, along the marked path to
the Luknja col, 4 km E of the village of Trenta, ca. 1100 m, 8§ August 2005, leg.
V. ZAVADIL (H1232/2, counted by JZ).

The same chromosome number, corresponding to the triploid level, has been recorded in
plants of H. glaucum from Styria (Austria) (POLATSCHEK 1966), Italy (SCANNERINI 1971)
and Germany (SCHUHWERK & LIPPERT 1999, plant corresponding to subsp. isaricum
(NAGELI ex J. HOFM.) NAGELI & A. PETER).

Hieracium gouanii ARV.-TOUV. 2n=18
(H. cordifolium subsp. gouani (ARV.-TOUV.) ZAHN)

Locality
1. Spain, Catalunya, prov. Gerona: rocks at the road between Ripoll and Ribes de Fresser, 24
July 2006, leg. J. CHRTEK (H1171/2, H1171/5, H1171/6, counted by JC).

The first karyological record for the species, treated by most authors at the subspecific level
as H. cordifolium subsp. gouanii (ARV.-TOUV.) ZAHN. It clearly differs from H. cordifolium
s.str. from the Central Pyrenees mainly by the taller stem and longer glabrescent leaves
(MATEO 2005). It is confined to Catalunya and eastern part of the Pyrenees Mts. (NE Spain,
S France).

Hieracium gymnocerinthe ARV.-TOUV. & GAUT. 2n =27

Locality

1. Spain, Catalunya, prov. Lérida, distr. La Seu d"Urgell: Adraén, Serra del Cadi mountain
ridge, NW slopes, 1 km SE of the village, 1600 m, road margin in a pine forest with
dominating Arctostaphylos uva-ursi, 1°30'34" E, 42°16'15" N, 23 July 2006, leg.
J. CHRTEK, G. MATEO & J. A. ROSSELLO, det. G. MATEO (H1172/4, counted by JC).

It differs from morphologically similar H. ramondii mainly in the indumentum of the
phyllaries (numerous simple eglandular hairs in H. ramondii and numerous glandular hairs in
H. gymnocerinthe); leaves are glabrous. It has been often treated as a subspecies of
H. cerinthoides, which possesses (regarding the indumentum of the phyllaries) an
intermediate position between H. ramondii and H. gymnocerinthe.
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Hieracium humile JACQ. 2n =36

Locality

1. Austria, Oberosterreich, Dachstein massif: Vorderer Gosausee mountain lake, rocks on
NW bank, 6 km SSW of the village of Gosau, 940 m, 13°29'55" E, 47°31'53" N, 13 August
2005, leg. J. CHRTEK (H1064/2, H1064/3, counted by JC and JZ).

This is the first tetraploid (2n = 36) chromosome number ascertained for this species.
SCHUHWERK & LIPPERT (1999) reported 2n =27 for H. humile subsp. pseudocottetii (ZAHN)
ZAHN from the Bavarian Alps (Karwendelgebirge).

Hieracium intybaceum ALL. 2n=18

Locality

1. Italy, Trentino-Alto Adige, Gruppo dell” Adamello: Passo del Tonale, valley of the Presena
rivulet, glacial cirque above the Lago Presena mountain lake, 3 km SSE of the col
(monument), 2270 m, 10°35'49" E, 46°13'42" N, 29 August 2005, leg. J. CHRTEK &
P. MRAZ (H1069/1, counted by JC).

Three ploidy levels, namely diploid, triploid and tetraploid have been reported in this
species. The first published count (2n = 27) comes from a plant cultivated by C.H. Ostenfeld
in the Botanical Garden in Copenhagen (ROSENBERG 1927). Later LARSEN (1954) reported
the same chromosome number in plants from the Swiss Alps (Schynige Platte, Oberland
Bernois). Nevertheless, the most common ploidy level seems to be the diploid one, although it
remained unrevealed until the 1990s (DOBES et al. 1997, FAVARGER 1997). Only two
tetraploid populations have been published until now, namely from the Alpes valaisannes
(FAVARGER 1997).

Hieracium kittaniae VLADIMIR. 2n=18

Locality
1. Bulgaria, Central Rhodope Mts.: Trigrad gorge, limestone rocks near the natural entrance
to Dyavolskoto garlo cave, September 2005, leg. P. IGNATOVA (H1228/2, counted by JC).

Hieracium kittanae is a distinct relict species restricted to crevices of limestone rock in the
Central Rhodope Mts. in southern Bulgaria. Our counts coincide with previously published
data (VLADIMIROV 2003).

Hieracium lachenalii SUTER 2n =27

Localities

1. Czech Republic, Bohemia, distr. Rakovnik: forest between the villages of Roztoky and
Kiivoklat, 350 m, 29 May 2006, leg. J. ZAHRADNICEK (H1150/4, counted by JC).

2. Czech Republic, Bohemia, distr. Praha-vychod: Tehov, forest margin 1.8 km NE of the
village, 430 m, 14°42'36" E, 49°59'01" N, 25 July 2002, leg. J. CHRTEK & H. CHAPMAN
(H831/1, counted by JC).

3. Czech Republic, Moravia, distr. Znojmo: Lukov, forest 1.3 km SSW of the village, 410 m,
15°54'27" E, 48°51'04" N, June 2006, leg. J. ZAHRADNICEK (H1160/4, counted by JC).
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Hieracium lachenalii represents a taxonomically very difficult entity. Our counts well
match most of the previously published data (2n =27; cf. CHRTEK et al. 2004). LAVRENKO &
SERDITOV (1987) reported the tetraploid level (2n = 36) and ROSTOVTSEVA (1983; ut
H. tilingii JUXIP) the hypertriploid one (2n = 28) .

Hieracium laevigatum WILLD. subspecies group laevigatum 2n=27

Localities

1. Czech Republic, Bohemia, distr. Rokycany: Strasice, N part of the village, margin of
a forest, 550 m, 13°45'07" E, 49°44'51" N, 29 June 2005, leg. J. CHRTEK (H1031/5,
H1031/11, counted by JC).

2. Czech Republic, Bohemia, distr. Hradec Kralové: Hradec Kralové, forest 1.2 km SE of the
church in Novy Hradec Kralové, 270 m, 15°52'16" E, 50°10°17" N, 1 July 2006, leg.
J. CHRTEK & K. CHRTKOVA (H 1165/1, counted by JC).

Triploids (2n =27) seem to be most frequent in this collective species. In addition, diploid
counts (2n = 18) were published (e.g. SCHUHWERK 1996 and other standard reference
manuals, e.g. Missouri Botanical Garden (2007)).

Hieracium murorum L. 2n =27

Localities

1. Czech Republic, Bohemia, distr. Plzeii: Plzen, village of Koterov, the street “V zavrtku”,
0.6 km SSW of the railway station “Plzen-Koterov”, slopes along the street, ca. 320 m,
13°25'07" E, 49°43'02" N, 12 August 2003, leg. M. KRAL (H875/4, H875/6, H875/8,
H875/16, counted by JC and JZ).

2. Czech Republic, Bohemia, distr. Beroun: Svaty Jan pod Skalou, oak-hornbeam forest
0.8 ENE of the village, 350 m, 14°08'30" E, 49°58'15" N, 28 May 2005, leg. J. CHRTEK
(H1030/1, H1030/2, counted by JC).

3. Czech Republic, NW Bohemia, Doupovské hory Mts.: Struzna, 2 km N of the village, along
the road, 650 m, 13°02" E, 50°18’ N, 1 June 2006, leg. J. ZAHRADNICEK (H1152/2,
counted by JC).

4. Czech Republic, Bohemia, distr. Domazlice: Kdyné, forest margin near a parking place
2.4 km NE of the town, 640 m, 13°04'08" E, 49°24'35" N, 12 June 2006; leg. J. CHRTEK
(H1156/3, counted by JC).

The chromosome number of 2n = 27 is the most common one among the karyological data
on H. murorum. Tetraploids (2n = 36) seem to be rare (e.g. SCHUHWERK 1996 and other
standard reference manuals).

Hieracium naegelianum PANCIC subsp. naegelianum 2n=27

Locality

1. Montenegro, Durmitor Mts.: Mt. Veliki Meded, alpine grassland on limestone, 2050 m,
19°04'13" E, 43°03'31" N, 1 August 2006, leg. and det. Z. SZELAG (H1208/1, H1208/3,
counted by JC).
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This chromosome number confirms the previous counts from the Durmitor Mts. (NIKETIC
et al. 2003, 2006) and from other Balkan localities (MERXMULLER 1975, GRAU & ERBEN
1988, VLADIMIROV & SZELAG 2001).

Hieracium nigrescens agg.
Hieracium decipientiforme (WOL. & ZAHN) SCHLJAKOV 2n=36

Locality

1. Ukraine, Oblast” Zakarpatska, Marmaros'’ki Al'py Mts.: Dilove, at the foot of Mt.
Berlebashka, SE exposition, ca. 1600 m, 30 July 1996, leg. P. MRAZ (HS81, counted by
PM).

CHRTEK (1997a) reported the same chromosome number for this morphologically very
distinct species.

Hieracium olympicum BOISS. subsp. olympicum 2n =27

Locality

Bulgaria, Stara Planina Mts., Kaloferska Planina Mts.: Valley of Vidima River, 2 km NE of
the Kaloferski Monastyr, eroded slope in the Carpinus orientalis forest, 870 m, 24°58°42"
E, 42°40°36" N, 9 August 2006, leg. and det. Z. SZELAG (H1206/3, counted by JC).

VLADIMIROV & SZELAG (2001) reported a triploid chromosome number for this species.

Hieracium pannosum BOISS. subsp. pannosum 2n=27

Locality

1. Bulgaria, Stara Planina Mts., Trojanska Planina plateau: Mt. Kozja stena, grassy slope on
limestone, 1570 m, 24°34'06" E, 42°47'27" N, 8 August 2006, leg. and det. Z. SZELAG
(H1205/1, counted by JZ).

This is the first triploid chromosome count from Bulgaria. Earlier, the tetraploid count for
H. pannosum was reported from Greece (PAPANICOLAOU 1984) and Bulgaria (VLADIMIROV
& SZELAG 2001). The triploid chromosome number was reported from Greece (STRID &
FRANZEN 1981, PAPANICOLAOU 1984, SCHUHWERK & LIPPERT 1998).

Hieracium petrovae VLADIMIR. & SZELAG 2n=18

Locality

1. Bulgaria, Central Rhodope Mts.: Trigrad gorge, crevices of limestone rock (locus
classicus), 750—-800 m, 24°21'50" E, 41°39'55" N, 15 October 2005, leg. V. VLADIMIROV
(H1229, counted by JC).

Hieracium petrovae is the only known diploid representative of the H. pannosum agg. It is
closely related to a number of presumably descendent taxa in the H. pannosum,
H. pilosissimum and H. heldreichii collective species. It is a calciphilous chasmophyte
confined to several localities in the Central Rhodope Mts. in southern Bulgaria (VLADIMIROV
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& SZELAG 2006). Our count confirms the previously published data (VLADIMIROV &
SZELAG 2006).

Hieracium piliferum HOPPE 2n ~ 3x

Localities

1. Italy, Alpi lepontine, Spluga: Passo dello Spluga (Spliigenpass), 2120 m, 9°1'54" E,
46°30'21" N, 23 August 2005, leg. P. MRAZ (H1845, H1846, analyzed by PM, peak ratio
1.93).

2. Austria, Kédrnten, Hohe Tauern: Kobnitz, Reileck Hiitte, S of the tunnel, 2225 m,
13°21'41"E, 46°55'59.8 "N, 29 July 2005, leg. P. MRAZ (H1802, analyzed by PM, peak
ratio 1.98).

Hieracium piliferum subspecies group piliferum 2n=27,2n~3x

Localities

1. France, dépt. Hautes Alpes: SE of Col du Galibier, 2570 m, 6°24'09" E, 45°04'59.8" N,
4 July 2003, leg. P. MRAZ (H1344, 2n = 27, counted by PM).

2. Switzerland, cant. Bern, Berner Alpen: Interlaken, ca. 1 km NE of Mt. Schillthorn, 2230 m,
7°52'35" E, 46°34'05" N, 19 July 2006, leg. P. MRAZ (1 plant without no., 2n ~ 3x,
analyzed by PM, peak ratio 1.93).

Hieracium piliferum subspecies group glanduliferum 2n ~ 3x, 4x

Localities

1. Switzerland, cant. Valais, Alpes valaisannes: Col du Grand Saint Bernard, ca. 2600 m,
25 August 2005, leg. J. KOSUT (H1856, 2n ~ 3x, analyzed by PM, peak ratio 1.99).

2. France, dépt. Puy de Dome, Massif Central Mts.: Mt. Puy Sancy, very steep slope below the
top exposed to E, 1875 m, 27 June 2006, leg. P. MRAZ (H06/23, 2n ~ 4x , analyzed by PM,
peak ratio 2.69).

The triploid level seems to prevail in Hieracium piliferum. 1t was first published by
SCHOLTE (1977) from Switzerland. Later on, SCHUHWERK & LIPPERT (1999) found
tetraploid plants in the same country. Isolated Western Carpathian populations of H. piliferum
were also revealed to be tetraploid (MRAZ 2003a). Tetraploid plants from the Massif Central
were collected in the early stage (rosette leaves) and determined as H. piliferum s.1. only.
However, according to local specialist F. Billy, only H. glanduliferum subsp. glanduliferum
occurs at the locality (BILLY 1977).

Hieracium porrifolium L. 2n =18, 2n ~ 2x

Localities

1. Italy, Trentino-Alto Adige: Villini dell” Alpe, calcareous rocks along the road to Pianizza di
Sopra (direction to Bolzano), 2 km E of the village, 30 August 2005, leg. J. CHRTEK &
P. MRAZ (H1075/2, H1075/5, 2n = 18, counted by JC).

2. Austria, Carinthia, the Karawanken Mts.: Bad Eisenkappel, limestone rocks and pine
forests (alliance Erico-Pinion) near the road to Bad Vellach, 4.5 km SSW of the town,
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658 m, 14°34'20" E, 43°27'07" N, 26 July 2005, leg. J. CHRTEK & P. MRAZ (H1052/6,
H1052/9, 2n = 18, counted by JC; H1756, 2n ~ 2x, analyzed by PM, peak ratio 1.39).

3. Slovenia, Primorska region, Julijske Alpe Mts.: Trenta valley, Trnovo ob Soci, near the
road to Kobarid, 335 m, 9 November 2005, leg. B. VRES & J. CHRTEK (H1080/1, H1080/2,
2n = 18, counted by JC).

The species appears to be invariable in chromosome number. Diploids (2n = 18) have been
reported by FAVARGER (1965) from the Julijske Alpe Mts. (Julian Alps), and by MARCUCCI
& TORNADORE (1999) from the Treviso region in NE Italy.

Hieracium prenanthoides VILL. subspecies group prenanthoides 2n=27

Locality
1. Andorra, Canillo, SE margin of the village, 1530 m, 22 July 2006, leg. J. CHRTEK,
G. MATEO & J. A. ROSSELLO (H 1187/2, counted by JC).

This is only the second reference on ploidy level in H. prenanthoides from the Pyrenees
and it confirms the previous count stated on plants originating from the same region (cf.
CASTRO et al. 2007). Three ploidy levels, namely diploids (2n = 18), triploids (2n = 27), and
tetraploids (2n = 36) have been reported in this collective species. However, triploids strongly
prevail among the examined plants (cf. CHRTEK 1996, SCHUHWERK 1996, and other
chromosome number indexes). Diploids were only reported from the French Alps (Hautes
Alpes; FAVARGER 1969a, FAVARGER 1969b); tetraploids were found by CHRISTOFF &
POPOFF (1933, cultivated plant of unknown origin) and by LOVE (1970) in plants from
Iceland.

Hieracium ramondii GRISEB. 2n =127

Locality

1. Andorra, Pirineos Mts.: Encamp, valley of Riu de les Deveses, NW slopes of Mt. Alt del
Griu, 3.8 km E of the town, rocky outcrops in a light mountain forest, 2040 m alt., 1°37'52"
E, 42°32'07" N, 22 July 2006, leg. J. CHRTEK, G. MATEO & J. A. ROSSELLO, det.
G. MATEO (H 1173/4, H 1173/5, counted by JC).

This is the first chromosome number record for the species.

Hieracium rohacsense agg.
Hieracium rauzense MURR 2n ~3x

Locality

1. Austria, Osttirol, distr. Lienz: Staller col, E of the Obersee glacial lake, 7.5 km WSW of
Mariahilf, along the road, 2043 m, 12°12'33" E, 46°53'23" N, 29 July 2005, leg. P. MRAZ
& J. CHRTEK (H1759, H1760, H1761, analyzed by PM, peak ratio 1.83—1.89).

The same ploidy level based on chromosome counts was found by MRAZ (2001) in plants
originating from Vorarlberg (the Austrian Alps). Due to some level of morphological
convergence, H. rauzense is traditionally treated within the H. rohacsense group, or even it is
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given as a synonym of H. rohacsense s.str. However, the taxa are rather different with respect
to their morphology, ploidy level, distribution range and allozyme pattern (MRAZ &
MARHOLD 1999, MRAZ 2001, MRAZ et al., unpubl.). Both taxa likely have different origins.

Hieracium recoderi DE RETZ 2n=18

Locality
1. Spain, Catalunya, prov. Barcelona: Berga, monastery of Queralt, rocks ca. 200 m below the
parking place, 24 July 2006, leg. J. CHRTEK (H1174/4, counted by JC).

This is the first karyological record for this species. The accession comes from the locus
classicus (DE RETZ 1978). The species is only known from several localities in north-central
Catalunya.

Hieracium schmidtii TAUSCH 2n =27

Localities

1. Czech Republic, Bohemia, distr. Litométice: Bore¢, the Bore¢ hill, NW slope, 800 m NW
of the village, 350 m, 13°59'15" E, 50°30'54" N, 15 May 2005, leg. J. CHRTEK (H1024/6,
H1024/7, counted by JC).

2. Czech Republic, Bohemia, distr. Litoméfice: Bore¢, the Bore¢ hill, E slope, 500 m N of the
village, 370 m, 13°59'25" E, 50°30'53" N, 15 May 2005, leg. J. CHRTEK (H1025/3,
H1025/5, counted by JC).

Our chromosome counts well match those published by CHRTEK (1996) from the
Krkonose Mts. (Czech Republic), by CASTRO et al. (2007) from Spain and by SCHUHWERK &
LIPPERT (1999) for H. schmidtii subsp. comatulum (BOREAU) GOTTSCHL. and H. schmidtii
subsp. kalmutinum (ZAHN) GOTTSCHL. from Bavaria. Chromosome number 2n = 36 was
reported for plants referred to as H. schmidtii agg. from Central Bohemia, Czech Republic
(KIRSCHNER & STEPANEK in MESICEK & JAROLIMOVA 1992) and for plants of H. schmidtii
from Spain (CASTRO et al. 2007).

Hieracium stelligerum FROEL. 2n=18

Locality

1. France, dépt. Ardeche, Vallon Pont d’ Arc: crevices of the calcareous rocks along the road D
390, just on the opposite side of the “le Pont d’Arc”, ca. 3.5 km SE of the village, October
2006, leg. P. MRAZ (H06/38, 39, counted by PM).

This is the first chromosome number record for H. stelligerum.

Hieracium tomentosum L. 2n ~ 3x

Locality
1. France, dépt. Hautes Alpes: Briangon, 1300 m, 2005, leg. R. DOUZET (plant without no., 2n
~ 3x, analyzed by PM, peak ratio 1.98).
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Hieracium tomentosum subsp. fomentosum 2n=18,2n~2x

Locality

1. France, dépt. Alpes maritimes, valley of Roya: Tende, along the old road to the Col de
Tende, ca. 0.5 km above the tunnel, 6 km NNW of the village, 1331 m, 7°33'57" E,
44°08'19" N, 28 August 2005, leg. J. CHRTEK & P. MRAZ (H1066/1, H1066/2, H1066/6,
H1066/8, 2n = 18, counted by JC and JZ; H1852, 2n = 18, counted by PM; H1851, H1852,
H1853, 2n ~ 2x, analyzed by PM, peak ratio 1.33-1.37).

Surprisingly, these are the first chromosome counts in H. tomentosum. While in the Alpes
Maritimes we found a diploid cytotype, one plant from a northerly situated population from
Briangon was triploid.

Hieracium tommasinianum MALY 2n =27
(H. tommasinii RCHB. f., nom. illeg.)

Locality
1. Serbia, SW part, distr. Zlatibor: MileSevka river gorge, 10 km SW of Prijepolje, 19°44'53"
E, 43°21'31" N, 30 April 2006, leg. M. NIKETIC (H1224, counted by J.Z.)

SCHUHWERK & LIPPERT (1998) found 2n = 36 in plants from Montenegro.

Hieracium transylvanicum HEUFF. 2n=18

Locality

1. Ukraine, Oblast” Zakarpatska, Marmaros ki Al'py Mts.: Mt. Berlebashka (1480 m), NW
slope along the trail (red marked), E of the village of Dilove, 19 September 2005, leg.
J. ZAHRADNICEK (H1077/2, H1077/10, counted by JC and JZ).

The species appears to be invariable in chromosome number; only diploids have been
reported so far. The published counts come from the Ukrainian Eastern Carpathians (PASHUK
1987, CHRTEK 1996, MRAZ et al. 2005), Romanian Eastern Carpathians (MRAZ 2003b,
MRAZ & SZELAG 2004, MRAZ et al. 2005), Durmitor Mts. in Montenegro (SZELAG et al.
2007) and from the Stara Planina Mts. in Bulgaria (VLADIMIROV 2000,
YURUKOVA-GRANCHAROVA et al. 2006). The first chromosome number in this species was
reported by ROSENBERG (1927) but without indication of the exact locality (garden plant).

Hieracium umbellatum L. 2n=18

Localities

1. Czech Republic, Bohemia, Praha: Praha-Troja, “Pusta vinice”, heathland along a path,
240 m, 14°24'14" E, 50°07'18" N; 28 June 2006, leg. J. CHRTEK (H1162/3, H1162/4,
counted by JC).

2. Ukraine, Oblast” Zakarpatska, Skhidni Beskidi Mts.: Scherbovets, southern slopes of Mt.
Pikui, 1300-1400 m, 22°59'45" E, 48°49'52" N, 21 July 2003, leg. P. MRAZ & J. CHRTEK
(H1420, H1422, H1427, H1430, counted by PM).
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Table 1. Summary of the analyzed taxa and their chromosome numbers/DNA ploidy levels. DNA ploidy level

estimations are given by the following formula

Taxon

. First record(s) for a taxon is/are marked in bold.

Chromosome number/DNA ploidy level

H. alpinum agg.
H. halleri

H. amplexicaule
H. amplexicaule subsp. amplexicaule
H. bocconei

H. bupleuroides subsp. bupleuroides
H. bupleuroides subsp. leviceps

H. bupleuroides subsp. tatrae

H. caesioides subsp. caesioides

H. caesium agg.
H. basifolium
H. plumbeum

H. cerinthoides s.str.

H. cordifolium s.str.

H. eriophorum

H. glaucum

H. glaucum subsp. nipholepium

H. gouanii

H. gymnocerinthe

H. humile

H. intybaceum

H. kittaniae

H. lachenalii

H. laevigatum subspecies group laevigatum
H. murorum

H. naegelianum subsp. naegelianum

H. nigrescens agg.
H. decipientiforme

H. olympicum subsp. olympicum

H. pannosum subsp. pannosum

H. petrovae

H. piliferum

H. piliferum subspecies group piliferum

H. piliferum subspecies group glanduliferum
H. porrifolium

H. prenanthoides

H. ramondii

H. rohacsense agg.
H. rauzense

H. recoderi

H. schmidtii

H. stelligerum

H. tomentosum

H. tomentosum subsp. tomentosum
H. tommasinianum

H. transylvanicum

H. umbellatum

H. waldsteinii agg.
H. plumulosum

~3x

36
27
~4x

27, ~3x
27
27, ~3x
27
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Both sexual diploids (2n = 18) and apomictic triploids (2n = 27) are known in this species
(for references see e.g. MAJOVSKY et al. 1987, SCHUHWERK 1996, and other standard
chromosome number indexes).

Hieracium waldsteinii agg.
Hieracium plumulosum A. KERN. 2n=18

Locality

1. Montenegro, Canyon of the Mrtvica river, 35 km SW of Kolasin, halfway through the
canyon, around the bridge, 1000 m, 19°48'59" E, 42°28'40" N, August 2006, leg.
J. ZAHRADNICEK, det. Z. SZELAG (H1218/1, H1218/2, counted by JC).

Three chromosome numbers have been published for H. waldsteinii s.1. by SCHUHWERK &
LIPPERT (1998). They reported 2n = 18 for plants referred to H. w. subsp. suborieni ZAHN
from Montenegro, 2n = 27 for those identified as subsp. plumulosum (A. KERN.) ZAHN from
Serbia and Bosnia and Herzegovina and 2n = 36 for plants of subsp. baldaccianum (FREYN)
ZAHN from Montenegro. The first diploid (2n = 18) count in H. plumulosum was reported by
SZELAG et al. (2007) from the Sinjajerina Mts. in Montenegro.
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Background and Aims HieraciusubgenHieraciumis one of the taxonomically most
intricate groups of vascular plants, mostly dupdtyploidy and diversity of breeeding
systems (sexuality vs. apomixis). The aim of thespnt study was to analyse nuclear genome
size in a phylogenetic framework and to assestioakabetween genome size and ploidal
level, breeding system and selected ecogeograghiares.

MethodsHoloploid and monoploid genome sizes (C- and Oxes) of 215 cultivated plants
from 89 field populations of 42 so-called ‘baditieraciumspecies were determined using
propidium iodide flow cytometry. Chromosome counitgll analysed plants were available,
and all plants were tested experimentally for theade of reproduction (sexuality vs.
apomixis).

Key resultsThe mean 2C values differed up to 2,37-fold amdiffgrent species (from 7.03
pg in diploid to 16.67 in tetraploid accessiong)eTL.Cx values varied 1,22-fold (between
3.51 and 4.34 pg). Variation in 1Cx values betweamspecific (species in a broad sense)
accessions ranged from 0.24% to 7.2%. Little viamafnot exceeding 3.5%) was found in 33
species, variation higher than 3.5% was detectsewen species. Most of the latter may have
polytopic origin. Mean 1Cx values of the three types (2n, 3n, 4n) differed significantly
(average of 3.93 pg in diploids, 3.82 pg in tridiiand 3.78 pg in tetraploids) indicating
downsizing of genomes in polyploids. The patterg@&fiome size variation correlated well
with two major phylogenetic clades based on seqesentthe external transcribed spacer of
nuclear ribosomal DNA (ETS), which were composedpcies with western or eastern
European origin. The monoploid genome size in Western’ species was significantly lower
than in the ‘eastern’ ones. Correlation of genorne with geographic latitute, altitude and
selected ecological characters (light and temperpatuas not significant while a longitudinal
component was apparent, albeit weaker than theogbgktic correlation.
Conclusiong?hylogeny was the most important component exipigithe pattern of genome
size variation irHieraciums.str., species of western European origin hasiggificantly

lower genome size in comparison with those of eagteropean origin. Correlation with

ecogeographic variables was superimposed by phyé&tigeconstraint.

Keywords: apomixis, Asteraceae, chromosome numbers, genamehawkweeds,
HieraciumsubgenHieracium mode of reproduction, nuclear DNA content, phgiog

polyploidy.



INTRODUCTION

Genome size became a widely studied phenomenoa ®iecl950s, when large differences in
the nuclear content of different organisms weredet (e.g., Swift, 1950; Laurie and
Bennett 1985; Bennett and Leitch, 1995). Largesdéifices in DNA content can be caused by
several mechanisms. It has been found that nubli&r content is primarily influenced by

the proportion of repetitive DNA (Flavedt al, 1977; Barakagt al, 1997). Particularly, it

has been found that retrotransposon copy humbevargramong genomes (Arumuganathan
and Earle, 1991; Vicierdt al, 1999; Kalendaet al, 2000). Decrease in genome size can
result from a higher overall rate of deletions th@ertions, selection against transposable
elements, unequal crossing over, and illegitimat®@mbination (Morgan, 2001; Petrov, 2002;
Wendelet al, 2002; Meet al, 2004; Bennetzeet al, 2005).

Correlations between genome size and specifidriiies, most importantly life history
and breeding systems, have been documented. Ssdezound to have smaller Cx-values
than related outcrossers (Labani and Elkingtony 1&®vindaraju and Cullis, 1991; Albach
and Greilhuber, 2004). Annuals, and especially wespecies, tend to have lower genome
size in comparison with related perennials (Bend®&t2; Rejmanek and Richardson, 1996;
Bennettet al, 1998; Garnatjet al, 2004; Grotkoppet al, 2004), which is, however, most
probably due to an association of annual life mstaith selfing (e.g., Albach and Greilhuber,
2004). Relationships between genome size and acaldgctors are less clear. Correlations
between genome size and frost resistance in thistBfiora (MacGillivray and Grime, 1995),
elevation in some groups Gentaurea Bancheva and Greilhuber, 200@gronica(Albach
and Greilhuber, 2004Pactylis (Reevest al, 1998), andBerberis(Bottini et al, 2000), or
with continentality and habitat conditions (moigtum Cirsium (BureSet al, 2004) have
been already documented.

Polyploids often have smaller Cx-values than tgtoid relatives (e.g., Leitch and
Bennett, 2004; Weiss-Schneeweai$sl, 2006). These decreases correlate with a mutdtion
bias towards deletion over insertions (Petrov, 2082ad illegitimate recombination has been
shown to eliminate retrotransposon sequences (Beame2002; Devost al., 2002; Maet
al., 2004). However, exceptions of this downsizinggra have been found, e.g. in the genus
OrobanchgtetraploidO. transcaucasica It was hypothetized that such polyploids are
relatively young and that there was not enough fon@ substantial reduction in nuclear
DNA content (Weiss-Schneeweissal, 2006).



Genome size alone is of little value as a phylogemedicator at higher taxonomic
levels, but can be helpful in infrageneric classifion assessments, species delimitation or
hybrid identification (Kelleet al, 1996; Buitendijket al., 1997; Morgaret al,, 1998;
Thalmanret al, 2000; Zonneveld, 2000; Siskbal, 2003; Bure®t al, 2004; Baaclet al,
2005; Zaveskt al, 2005; Sudat al, 2007). An important issue that is still largely
neglected in the literature, mostly due to a laickamparative analyses between DNA
sequence and genome size data sets, is the umadiengt@n how genome size variation is
linked with species evolution (but see Wenelehl, 2002; Albach and Greilhuber, 2004;
Grotkoppet al, 2004; Jakolet al, 2004; Weiss-Schneeweissal, 2006).

HieraciumsubgenHieraciumis distributed in temperate regions of EuropeaAsi
northernmost Mediterranean Africa, and North Ameaad was introduced to several other
regions, e.g. to New Zealand. The genus is suifablihe study of genome size variation due
its remarkable diversity in ploidal levels (coupledh breeding systems), habitat preferences,
and geographic distribution of particular speckslyploid (triploid and tetraploid, very
rarely pentaploid, x = 9) taxa with asexual repaun through parthenogenetic development
of the unreduced egg ceArftennariatype diplospory) prevail in this group, i.e., thane
(near-)obligate apomicts (e.g., Johri, 1980). Skeremoduction is rather rare and restricted to
diploid species (Schuhwerk, 1996; Chradlal, 2004). The species occupy forests, forest
margins, various grasslands and rocks from lowlaodke alpine belt.

Species concepts Hieraciumare a matter of discussion for a long time (d.,e.
Schuhwerk, 2003). The Central European schoolerfsiology (founded by Néageli and
Peter in the 19th century) accepts a broad spdefastion (species are then divided into
subspecies, varieties, etc.) while ScandinaviaitisBrand Russian botanists follow a narrow
species concept, i.e. nearly each morphologiceltpgnizable type is treated at species rank
(‘microspecies’). We follow the Central Europeamcept because in our opinion it reflects
better the situation across the whole distributicer, especially in Central and southern
Europe where most diploids occur from which themajotic polyploids should be derived.
According to this concept, ca 500 species (in tloadh sense) are accepted (Zahn 1921-1923,
and species described since that time), beingrestirealled ‘basic’ or ‘intermediate’ taxa.
The latter share morphological characters of twmore basic species and are supposed to be
of hybridogeneous origin (hybrids stabilized by mgapermy). Basic species (about 45,
including diploids and polyploids) are tentativelynsidered as main units of species

evolution inHieracium



Many classifications ofieraciums.str. HieraciumsubgenHieracium have been
proposed in the past (for a review see Stace 199@) classification by Stace (1998)
comprises 38 sections, formerly recognized by &l West (1976) as ‘informal groups’.
Our recent molecular phylogenetic studies (usisgleset of the plants analyzed here) based
on the nuclear ribosomal external transcribed sp@cES) (Fehreet al, in prep.) revealed a
deep split that separated the taxa into two vety+supported clades, one mainly composed
of species with western European origin, and ticers comprising species of eastern
European origin. Apart from clear phylogenetic siga large number of
hybrids/hybridogeneous taxa were detected, unegglscalso including diploid basic
species.

Here, we report a nuclear DNA content analysisbdsic species dfieraciumsubgen.
Hieracium(in the sense of Zahn 1921-1923 with a few exoaptisee Material and
Methods). The following questions were adressgdigw does the level of intraspecific
variation in holoploid and monoploid genome sizgate to the circumscription of species
sensuZahn, and does the pattern of interspecific viaadllow higher-order classification?
(i) How does monoploid genome size (Cx) relatpltmdal level (diploids, triploids and
tetraploids), i.e., is there evidence for downgjani genomes in polyploids? (iii) Is there any
congruence between the phylogenetic structurelangdttern of genome size variation? (iv)
How does nuclear genome size relate to selectageegoaphic features (latitude, longitude,

altitude, temperature, light)?

MATERIAL AND METHODS

Plant material

215 samples from 89 populations of H2raciumspecies were collected in the field (or
grown from seeds in a few cases) throughout Euaopetransferred to the experimental
garden of the Institute of Botany indRonice (Table 1, for details of sample localities s
Supplementary material). Taxon sampling was rdsttito so-called ‘basic’, supposedly non-
hybridogeneous species, generally following Zal2(+1923) with a few exceptions: The
species concept of secti@Qerinthoideafollows Mateo (2005)H. plumulosun(H. waldsteinii
s.l.) is treated as a separate species, and twly described Balkan specigd.(kittanaeand

H. petrovae Vladimirov, 2003; Vladimirov and Szgj, 2006) are included. Complete

analysis covering all recognized and mostly (albdyploid hybridogeneous species (ca 500



‘broad’ species) was not feasible, and interpretatif estimated genome sizes would be an
extremely complicated task due to often unknowgiorof polyploids and reticulate patterns
of variation.

For diploid, sexually reproducing species and fyaraospermous polyploids with a
rather small distribution area, 1-2 populationsengrosen. For sexual diploids with large
geographic areas and for more widely distributeahamspermous polyploids, 2—6
populations were selected. The number of analylmtpper population varied from two in
agamospermous species with likely clonal populasioacture (e.g., Stat al, 1996; Mrazet
al., 2001; Storchovét al, 2002) to eight in supposedly genetically vagabbpulations of
sexual diploids. Two specidd, petrovaeandH. plumulosumwere represented by a single
plant only due to their rarity in the field or besa of cultivation problems. When two or
more ploidal levels had been reported for a spewiedried to cover this diversity as far as

possible. Voucher specimens of all samples arediieigloin the herbarium PRA.

Chromosome numbers and breeding system

At least two plants per population were checkedteir chromosome number using the
method described in Chrtek al. (2007); counts for selected accessions have hadrsped
(Chrteket al, 2007). Simultaneously, the mode of reproductuas tested, generally
following Gadella (1987) and Krahulcova and Kraleul£999). In diploids (where sexual
reproduction was expected), randomly selected wapitere bagged in the bud stage and
tested for late-acting autogamy (in absence o¥agiollination); results were compared with
control capitula from the same plant in open paliion treatments. In polyploids (where
agamospermy was supposed), the upper part of giellcen was cut off in the bud stage
(emasculation) and the number of “full” achenes v@mted as a measure for seed set and
compared with the number of achenes from untrezdpdula of the same plant. Data on the
percentages of “full” achenes after emasculatigpairticular plants/species are available

upon request.

Genome size estimation

Genome size was determined by flow cytometry usilRgrtec CyFlow cytometer equipped
with a green (532 nm) solid state lasé#a mayd.. ‘CE — 777’, 2C = 5.48 pg (Lysak and
Dolezel, 1998) an®isum sativuni.. ‘Ctirad’, 2C = 8.85 pg (DoleZadt al, 1994; Suda&t al.,
2007) were used as internal standards for diploedolyploid species. The modified two

step-procedure described by Otto (1990) was emgléyresample preparation. Intact leaf



tissues (approx. 1 cinof the analyzed species and an appropriate dyaitthe internal
standard were co-chopped with a sharp razor bladepiastic Petri dish with 1 ml of ice-cold
Otto | buffer (0.1 M Citric Acid, 0.5% Tween 20) #e nuclear isolating solution. The
suspension was filtered through a4 nylon filter and centrifuged at 15 g for 5 mirher
supernatant was discarded and the pellet was resdsg in 10Qu fresh Otto | buffer.
Samples were incubated for at least 10 min at reonperature and mixed with 1 ml Otto Il
buffer (0.4 M NaHPOyx12H,0) supplemented with propidium iodide (PI) as the
fluorochrome, RNase IlA (both at a concentratio®®fu mi™) and-mercaptoetanol (gl
mi™). Samples were stained for 5 min at room tempegdiafore measurement. Usually,
5000 nuclei were analyzed for each sample. Nugeaome size was calculated as a linear
relation between the ratio of 2C peaks of samptestandard. Each plant was measured at
least three times on different days by the sameatpeto eliminate potential artifacts. If the
difference between the three measurements exc@8dethe value was discarded and the
sample was re-analyzed. Coefficient of variatioN'§Cof both peaks did not exceed 5%

(with two exception irHieraciumsamples).

Statistical analysis

Intraspecific variation in morphologically defin@ahn’s species was assessed and species
with variation exceeding 3.5% (following Sudhal, 2007 inHieraciumsubgenPilosella)
were markedH. amplexicauleH. bupleuroidesH. laevigatumH. pannosumH. pictum H.
piliferumandH. prenanthoides In two of them, namely ifl. bupleuroidesandH.
prenanthoidesdifferences in ETS sequences among accessioesbeswn found (Fehret

al., in prep.) which were caused by hybridization vather species. These heterogeneous
species were therefore split into more naturalsuf@tcessions or groups of accessions)
according to genome size and treated separatéeifollowing analyses. The same held for
H. pannosumin which the accessions differed distinctly imgme size (and in ploidal level),
and forH. pilosumandH. villosum where differences in ETS sequences due to iressgon
were found between accessions (although genomeaieion was rather low). On the other
hand, morphologically homogeneous species with mtzhpopulation variation in genome
size {. pictum) and species with unclear pattern of genome sz@ton {H. amplexicaule

H. laevigatumandH. piliferum) were not split. The units after splitting hel@ thame of the
broad species and were numbered (I, Il) (Tablé&d).convenience, we keep on referring to
them as species in the following paragraphs. A titd7 taxa were recognized after the split
(Table 1).



Statistical significance of differences betweencggein the above sense was investigated
by one-way ANOVA (all samples were included); than&fé test was applied to examine
which species were statistically not differentheit 1Cx values. The same analysis was
performed for diploid species only.

In a next step, we tested how the variation in gemeize matched the two major
Hieraciumlineages (informally called ‘western’ and ‘eastgsuggested by molecular
phylogenetic analyses of the ETS region (Febte, in prep.). Within these major groups,
species relationships were poorly resolved andweigefrained from using methods
incorporating phylogenetic relationships (indepetia®ntrast or generalized least square
method) for a correlation with genome size dataddition, genome sizes of inter-clade
hybrid accessions were analyzed. Five informal gsauere recognized and used for these
analyses, restricting the genome size dataseetadbessions for which sequence data were
available (Table 1): (i) ‘western’, correspondigthe phylogenetically distinguished
‘western’ group and containing ‘pure’ accessiongvalt as hybrid/hybridogeneous
accessions within the ‘western’ group (W and W(Ki)),'eastern’, corresponding to the
phylogenetically distinguished ‘eastern’ group aodtaining ‘pure’ accessions and
hybrid/hybridogeneous accessions within the ‘eastgoup (E and E(H)), (iii) hybrid/
hybridogeneous accessions between ‘western’ arste’'ea clade species with about equal
genome contribution from each parent (X), (iv) mtade hybrid accessions with dominating
‘western’ ETS sequence type (X(W)), and (v) intadd hybrid accessions with dominating
‘eastern’ group ETS (X(E)) (Table 1). Two companisavere performed, (i) the ‘western’
and ‘eastern’ groups with a group comprising alMybrids, and (i) the ‘western’ and
‘eastern’ groups with the three different group$igbrids (iii-v) specified above. Both
comparisons were conducted separately with ancbwith. transylvanicurm{which fell into
the phylogenetically defined western lineage, lag &i genome size and geographic range
congruent with the ‘eastern’ group, see Discussibhg correlation between genome size and
phylogenetic pattern (five groups, see above) wsietl to assess the impact of phylogeny on
the pattern of genome size variation.

The Spearman rank order correlation coefficienttiedone-way ANOVA were used in
testing the correlation between monoploid DNA anq@&x) and chromosome number
(matrix of all samples, 2n = 18, 27 and 36). Furtiere, the Spearman non-parametric rank
order correlation coefficient was used in testirgethher DNA amounts correlated with
selected Ellenberg’s indicator values, namely ifgitland temperature (Ellenbeggal,

1992). Mean 1Cx values for species in Zahn’s semese used for this analysis, only a subset



of Central European species (for which these vamesvailable) was chosen. Finally,
genome size variation was tested against altitlidimé geographical position (longitude and
latitude) for (i) the complete set of accessionegmaccessions 1Cx values were used), and
(i) the set of accessions with known ETS sequerbes analyses were performed for both
data sets including or excluding accessions of lyidestributed speciedH. bifidum H.
lachenalii H. laevigatumH. murorum H. sabaudurmandH. umbellatun for which the
results are strongly affected by the collectior sitthe samples.

Data were analysed using the statistical packaigisBca for Windows 6.0’ (StatSoft
1984-2002).

RESULTS

Chromosome counts and mode of reproduction

Chromosome numbers for plants of 43 populationsyaed in the present paper belonging to
28 species were published elsewhere (Chetelt, 2007), counts for the remaining 46
populations are presented here (Table 1). A newlall¢tevel is reported foH.
gymnocephalun@n = 18). Other counts confirmed previously psitid chromosome
numbers. All studied diploids were found to be s#»xand allogamous, while all polyploids

(3x, 4x) were agamospermous (data not provided).

Flow cytometry

Flow cytometric analyses yielded high-resolutiostbgrams (Fig. 1) with CVs of f5;
peaks foHieraciumsamples ranging from 0.83 to 5.76% (mean 2.28%¢)yalues for
internal reference standards were 0.97 to 5.0%r{r2ek0%). Generally, CVs é&fisum

sativumwere lower compared those &éa mays

Nuclear DNA content: within-species variation

Intraspecific variation was assessed in 40 of 42Zigs in Zahn’s sense. Variation within
accessions (populations) was generally low (Tahl®&an values with standard errors
(ranges for 2C and means for 1Cx genome size®@id population and mean values with
standard errors and ranges for 1Cx for each spastesummarized in Table 1. Variation in
1Cx values between conspecific accessions (in thatmo- and multiploid species) ranged
from 0.24% inH. gymnocephalurandH. heterogynunto 7.2% inH. pannosumVariation

exceeding the approximate measurement inaccurnaestold of 3.5% was detected in seven



species, namely. amplexicaulgH. bupleuroidesH. laevigatumH. pannosumH. pictum
H. piliferumandH. prenanthoidesin multiploid species, there was no general trieneither
genome downsizing or uploading;kh prenanthoides.l. 2x/3x 2.47% (iH. prenanthoide$
2x/3x 0.73% downsizing); iAl. villosum3x/4x 0.06% downsizing; iAl. tomentosun2x/3x
0.36% uploading; itd. humile3x/4x 0.36% uploading; iAl. alpinum0.17% uploading.

However, variation in the more naturally delimif@dthout heterogeneity in ETS
sequences and inter-population genome size, sesifaind MethodsiH. prenanthoidesind
H. bupleuroidess below the threshold of 3.5% variation. Variatiwithin the separately
treated populations of morphologically heterogesd¢buypannosunwas also below 3.5%
(Table 1). In further paragraphs, these ‘narrowaexa (a total of 47 taxa) are used.

C-values in the total set of ‘basic’ species

The mean 2C values differed up to 2,37-fold amaffgrént species (from 7.03 pg in diploid
H. stelligerumto 16.67 in a tetraploid accessiontbfpannosum The 1Cx values varied
1,22-fold (between 3.51 pg . stelligerumand 4.34 pg id. virosun). Differences in 1Cx
values among all species (n = 47) were statisyicadjnificant (Fs6, 16s= 261.42, p< 0.001).
The Scheffé post hoc test £ 0.05) revealed 15 groups (Table 1). The 1Cxeshf diploids
(incl. diploid accessions of multiploid species,amg for species/cytodemes) varied 1,22-fold
between 3.51 pg iH. stelligerumand 4.29 pg itd. plumulosun{mean 1Cx value 3.92 pg),

in triploids (incl. triploid accessions of multiptbspecies (means for species/cytodemes)
1,23-fold between 3.53 pg . bifidumand 4.35 pg imd. virosum(mean 1Cx value of 3.81
pg), and in tetraploids 1,17-fold between 3.56mpH.i humileand 4.17 pg im. pannosunil.
(mean 1Cx value of 3.79). Differences in 2C valae®ng diploid species/cytotypes were
also statistically significant (ks 7s= 585.03, p< 0.001). The Scheffé post hoc testH0.05)
revealed six groups, containing accessions staltinot different in their 1Cx values (Table
1).

Correlation of genome size with basic phylogenesignal

These analyses were restricted to the subset e§sions also included in molecular analyses
in order to assure that their origin was corretfgrred. The ‘western’ clade included 15
accessions: 2C values ranged from 7.03 pg in diploistelligerumto 14.25 pg in a

tetraploid accession ¢f. humile 1Cx values ranged from 3.51 pgHin stelligerumto 4.28

pg inH. transylvanicunimeant s.d.: 3.6 0.19 pg) (withouH. transylvanicunup to 3.74
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pg inH. tomentosunB.57+ 0.06 pg). The eastern clade also comprised 15sicres: 2C
values ranged from 7.78 pg in dipld#d porrifoliumto 15.71 pg in a tetraploid accession of
H. villosum 1Cx values ranged from 3.63 pgHh naegelianunto 4.35 pg irH. virosum
(4.02% 0.20 pg). Significant differences in 1Cx valueseviund between both groupsoat
0.001 (Student t-test), both with (t = -5.71, &.£28, p < 0.001) and without (t = -8.23, d.f. =
27, p < 0.001H. transylvanicumDifferences in 1Cx values between accessionseof t
‘western’ and ‘eastern’ clades and of inter-claglertd accessions are significant
independently of including. transylvanicun{F = 13.79, d.f. = 45, p < 0.001 wikh
transylvanicumF = 20.87, d.f. = 44, p < 0.001 withddt transylvanicum(Fig. 2A).
However, post hoc comparison (Scheffé test) redeatdy two groups at = 0.05, the first
comprising all ‘western’ accessions, and the se@mbrancing the ‘eastern’ and ‘hybrid’
accessions. Thus, the latter two do not differifigantly from each other. Significant
differences were found also between five groups, after splitting the bulk of hybrids into
three groups, namely hybrids with intermediate fo@si and hybrids with strongly
dominating ‘western’ or ‘eastern’ ETS sequences (.07, d.f. =43, p < 0.001 with.
transylvanicumF = 28.86, d.f. = 42, p < 0.001 withddt transylvanicu The Scheffé test
revealed two groups at= 0.05, the first including W and X(W) accessiaing second X,
X(E) and E accessions (Fig. 2B). Significant catieh (Spearman rank coefficient r = 0.705,
p < 0.001) between phylogeny (five groups — W,EXRWV) and X(E)) and the pattern of

genome size variation was found.

Correlation between genome size and ploidal lebeteding system and ecological features
Diploids differed significantly in their 1Cx valuéom both triploids (t = 2.71, d.f. =196, p =
0.007) and tetraploids (t = 2.01, d.f. = 109, p.840), but triploids did not differ significantly
from tetraploids (t = 0.72, d.f. = 119, p = 0.47(Big. 3). The value of the Spearman non-
parametric rank order correlation coefficient was-0.179, p = 0.009. The mean 1Cx value
was 3.93 pg in diploids, 3.82 pg in triploids and&pg in tetraploids, suggesting a trend
towards smaller genome size with increasing pldielas!.

Comparison between 1Cx values of sexually repradpplants (the set coincides with
diploids, polyploids were exclusively apomictic)daspomicts (tri- and tetraploids) revealed
significant difference at = 0.01 (t-test, t = 3.04, d.f. = 213, p = 0.0GBEg mean 1Cx value
in sexuals is 3.93 pg, while in apomicts it is 3@ corresponding to the value for triploids

due to the low number of tetraploid accessions.
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The genome size of particular accessions was gignify correlated with their
geographic position (longitude) in west—east dioegtboth in the complete set of accessions
(Spearman rank coefficient r = 0.562, p < 0.004, BA) and after exclusion of widely
distributed species (r = 0.617, p < 0.001; i.ethautH. bifidum H. lachenalij H.
laevigatum H. murorum H. sabaudunandH. umbellatumFig. 4B). The correlation was
stronger in the second case due to the strong depea on the part of the geographic area
from which the target plants of widespread spewiee sampled. Even stronger correlation
was found between longitude and genome size it @f s&cessions with known ETS
sequences independently of including (r = 0.649,00001, Fig. 5A) or excluding (r = 0.694,
p < 0.001, Fig. 5B) accessions of widely distrildu$pecies, suggesting that phylogenetic
constraint rather than geographic distribution tiresmain factor affecting genome size
differentiation.

No correlation between genome size and latituteq1051, p = 0.636) nor with altitude (r
=-0.208, p = 0.049) was found (complete set oéssions, results not shown). Also, no
significant correlation was found between genome and selected ecological parameters
(Ellenberg’s indicator values), namely temperafure 0.194, p = 0.427) and light (r = -
0.236, p = 0.331) in a subset of species occummr@entral Europe (results not shown).

DISCUSSION

Chromosome numbers and mode of reproduction

Chromosome numbers for plants from 46 populati@teriging to 26 species are published
here for the first time, counts for the remainingessions have been published elsewhere
(Chrteket al, 2007). Among the new data, a new ploidal levigll¢id) is reported foH.
gymnocephalun(s.l.); previously reported counts (Nikeét al, 2006) refer only to triploids
(2n = 3x = 27). AfteH. petrovaethis is the second diploid count within sé@annosa

Worth mentioning is also the diploid (2n = 2x = T8unt forH. prenanthoide$rom the
Western Alps. Although this number had been repdrtam the same area in the sixties of
the 20th century (Favarger, 1969; Love, 1969),aswever confirmed until now. The
remaining chromosome numbers correspond to prelyipublished counts for the target

species (cf. Schuhwerk, 1996; and other standéederece manuals).
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Analysis of the mode of reproduction confirmed plagtern already published for selected
species and suggested it to be generally validutiirout the genus — diploid species

reproduce sexually and are allogamous while polgiplare agamospermous.

Intraspecific genome size variation
Variation beyond arbitrary fluctuation (3.5%) wasihd in seven species in the sense of
Zahn, namely. piliferum (3.89%),H. amplexicaul€3.95%),H. bupleuroideg4.2%),H.
laevigatum(4.28%),H. pictum(5.14%),H. prenanthoide$7.02%) andH. pannosun{7.2%).
All are agamospermous polyploids, two of them idatg two cytodemedH. amplexicaule-
3x/4x andH. prenanthoides- 2x/3x). As only a subset of populations was used
phylogenetic analysis, these results need to leeprdgted with caution. In several cases where
sequence data were obtained for more than onesagoewe found multiple origin within a
given taxon, namely iA. prenanthoidesH. bupleuroidesH. pilosumandH. villosum which
allows a plausible explanation of genome size tianaat least foH. prenanthoidesin this
species, we analyzed sequences of three accessianeing diploid and two triploid. All
three had different origin, and the sequence ofabkieaccession (Andorra, 3x) showed the
strongest signature of hybrid origin between thestgrn’ and ‘eastern’ clade. This fits well
with the 1Cx values — while values of the first tp@pulations ranged from 3.56 pg to 3.67
pg, the averaged population 1Cx value of the Aradpopulation was higher (3.81 pg) and
thus well congruent with a possible scenario ot pdasogression by a plant of the ‘eastern’
clade (although there are no traces of such angréssion in the morphologlieracium
laevigatum H. amplexicauleandH. piliferumare, according to the ETS sequences,
hybrids/hybridogeneous types (at least the analgzedssions), and higher intraspecific
variation might reflect recurrent polytopic origidigh inter-population variation iHl.
pannosuntould also be related to multiple origin as sutgpedy the different ploidal levels
of the analyzed accessions. The high variatidf.ipictumcannot be explained by our data.
Broader sampling for molecular analysis in thesis might reveal hybrid accessions that
have not been discovered as yet. Thus, we didmbuhequivocal evidence for intraspecific
genome size variation in ‘good’ species of subgétiesacium

Similar results were obtained felieraciumsubgenu®ilosellawhere the majority of
wild species/cytotypes possess constant nuclear BNéunts (variation in fluorescence
intensity lower than 3.5%). Nevertheless, highgedience was observed in six cytotypes

belonging to three ‘intermediate’ species (the stamas as irHieraciums.str., i.e.
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hybrids/hybridogeneous species) and among gengtiaiable F offspring of experimental
crosses between hexapldid rubrumand tetraploidd. pilosella(Sudaet al, 2007).

Intraspecific genome size variation in ‘non-hybgeoeous’ species became recently an
important matter of debate (Murray, 2005). Whilenymaf the examples of variation have
been shown to be artifacts of the measurement migtf@og. Teoh and Rees, 1976;
Greilhuber, 1998; 2005), there are some reportsmeating C-value variation where
appropriate controls and standards have been Resvést al, 1998; Hallet al,, 2000;
Mosconeet al, 2003; Pecinkat al., 2006).

Interspecific genome size variation

Our estimates of nuclear DNA contentHieraciumsubgenHieraciumare the first ones
published for this group; all other dataldreraciumavailable so far refer to species of
(subgen.Pilosella(Bennett and Leitch, 2005) whose genomes are d@erably smaller than
those ofHieraciumsubgenHieracium(see below). Holoploid (2C) genome sizes in
Hieraciumspecies included in the present study ranged )87fom 7.03 pg to 16.67 pg
(mean 2C value 10.16 pg, median 10.61 pg). As wesingated almost all the so-called
‘basic’ species, our results should well covergeaome size variation within the subgenus.
A few pentaploid hybridogeneous (i.e., not ‘bastaja exist which were not analyzed, and
thus the upper limit can be higher. StatisticahBigance of differences between species was
investigated by ANOVA, and the Scheffé test wadiadgo show which accessions are
statistically not different in Cx values. VariationCx values among species is relatively high
(up to about 20%), but more or less continuous. &l all accessions of species belonging
to e.g. section€erinthoidea StelligeraandAmplexicauliafall into groups with the lowest Cx
values, and all accessions of species from e.gjosstlieracioides EriophoraandSabauda
into groups with highest Cx ranges. The groups wiitidle Cx values are formed by species
of e.g. section®repanoideaandVillosa (section names follow Stace, 1998). In a subset of
diploids, six Scheffé groups were revealed. All bé group (c) include more than one
species. The first two groups (a,b) comprise Pyaerspecies of sed@erinthoideaH.
stelligerumwhich is an endemic of a few localities in southErance, anéi. prenanthoides

a widely distributed mountain species. Group cudek onlyH. tomentosupgroups d and e
are formed by the SE European spetlesparsumandH. petrovaeH. alpinum(in which the
diploid cytotype is most likely restricted to thaséern and southern Carpathians), dnd
porrifolium, a relict species confined to the southeasteris. ABsoup f comprises the Balkan

specied. kittanae H. gymnocephalurandH. plumulosumtogether withH.
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transylvanicumwidely distributedH. umbellatumandH. eriophorum a local endemic of
southwest France most likely derived fréinumbellatumTo conclude, the Scheffé groups
more or less coincide with geographic ranges otdhget species.

In Hieraciumsubgenu®ilosellawith the same basic chromosome number (n=9),
holoploid (2C) genome size differs 4,33-fold andges from 3.53 pg to 15.30 pg (Sweta
al., 2007). HoweverRilosellahas a more extensive variation in ploidal levedaging from
diploids to octoploids. Monoploid genome sizes (Malues) in subgemdieraciumranged
1,22-fold from 3.51 pg to 4.29 pg (mean 2C val&63g, median 3.85 pg) while genome
size inPilosellais distinctly lower (it varies 1,23-fold from 1.7 to 2.16 pg), i.eRilosella
has consistently about half the DNA content comghémédieracium The reasons for these
large differences among closely related groupsr@fet al, 2007) are unclear at the
moment. Chromosomes of subgeleraciumare distinctly larger than those Rilosella (no
guantitative assessments available). Accumulatioapetitive sequence elements like in
other plant groups might be one of the causesnBights intoHieraciumgenomes are still

lacking to date.

Genome size and ploidal level

Diploid hawkweeds differ significantly in their 1Gsalues from both triploids and tetraploids,
but the latter do not differ from each other. Timight indicate general downsizing of
genomes in polyploid hawkweeds. However, there igeteral trend to either downsizing or
uploading within multiploid species. Their origi@mains to be elucidated in many cases and
could involve autopolyploid origin as well as peipiation of another taxon (introgression
which cannot always be detected by morphology)hénfamily Asteraceae, a similar
situation was documented in the geQentaureas.l. in four multiploid (consisting of diploid
and tetraploid cytotypes) species where downsigiag found in two species, uploading in
one species and equal monoploid genome size ispemes (Bancheva and Greilhuber,
2006). However, downsizing of the genome after ploiglization is widely supposed to be a
general trend in angiosperms (Kellogg and Bennet2@®4; Leitch and Bennett, 2004;
Weiss-Schneeweigs al, 2006), as it seems to be the casédieracium Our data also
suggest that species with autopolyploid origin rhigdsve more uniform genome size (and
morphology) than allopolyploids of multiple (hybyidrigin.

Genome size and phylogeny
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Genome size distribution basically matches two pighetically defined major lineages, i.e.
a ‘western’ and an ‘eastern’ group (Feheeal, in prep.), i.e., it reveals a strong phylogenetic
component of nuclear DNA content. Both groups idelsexual diploids, agamospermous
triploids and very rarely tetraploid apomicts. Angar pattern has also been observed with
regard to the geographic ranges — both groups asenlmcal endemics (e.bl. stelligerum

and species of sec@erinthoideain the ‘western’ groupH. kittanae H. petrovae andH.
eriophorumin the ‘eastern’ group) as well as rather widastributed species (e.Hl.
murorumandH. bifidumin the ‘western’, anéi. umbellatunin the ‘eastern’ group). The
phylogenetic component of genome size does nardiétween sets of diploid and polyploid
accessions (despite indication for some genome siawmg in polyploids) and thus, all
cytodemes were analysed together.

As mentioned abové]. transylvanicunfalls into the phylogenetically defined western
lineage, but has a genome size and geographic camgguent with the ‘eastern’ group. Two
alternative scenarios for its origin can be progo4¢ The species has an originally eastern
origin as suggested by its current distribution BINA content and was introgressed a long
time ago by species from the western clade soménimh are widespread. Its ETS sequence
then became completely homogenized towards theewestpe by concerted evolution
(Arnheim, 1983). In this case, the introgressiomiegtern type species should be very
ancient. 2) The species originated in western Eejrepread towards the east, the original
populations became extinct probably during theAges, and only the eastern populations
survived in an eastern glacial refuge like the @trjan basin. In this case, the high DNA
content may rather be correlated with its eastestnilution or have still other reasons than
reflecting phylogenetic signal. Another accessiba tvestern’ clade specield, lachenalij
has a chloroplast DNA matching some ‘eastern’ clgmeies which suggests ancient
introgression (Fehraat al, in prep.). Correspondingly, its DNA content isaklightly higher
than that of most other species of the ‘westeradelHieracium eriophoruma local endemic
of the Atlantic coast near Arcachon in W Francensther species with incongruent
geographic distribution range and position in thglpgenetic tree. Despite its western
European distribution, it is most likely derivedrin widespreadi. umbellatuma species
belonging to the same ‘eastern’ subclade accoritige phylogenetic analysis (Fehetral,
in prep.). The particular morphology df eriophorumcould be therefore interpreted as a
local adaptation to sand dunes along the sea clasiowest genome size within the
‘eastern’ clade (2C = 10.89 pg, 1Cx = 3.63 pg) detected in triploidH. naegelianumThe
distribution of this species fits well with othexastern’ species as it occurs in the Balkan
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Peninsula and in the Abruzzy Mts. in central Itahgstly in refugial areas. With respect to
morphology, it is the onliHieracium(subgenHieracium) species with long below-ground
stolons, which enable the plant to spread vegetgtiVwhile no evidence of introgression
from a ‘western’ species is apparent from molecd&s, its occurrence in Italian glacial
refuges could be indicative of past contacts atdgnession from which only an unusually
small genome size is left. Its chloroplast DNA imsque, and its particular relationships with
other ‘eastern’ clade species are unresolved.

Hybrid (hybridogeneous) ‘basic’ species

Apart from non-hybridogeneous basic species anddhgyeneous species between members
of the same major clade, several ‘basic’ speciee ¥erind to be of hybrid origin between
‘eastern’ and ‘western’ clade species (Felketeaal, in prep.):H. amplexicaulgH.
bracteolatumH. caesiumH. glaucumH. gouaniij H. gymnocephalunH. heterogynunH.
lachenalii H. laevigatumH. olympicumH. plumulosumH. prenanthoidesH. racemosum
andH. sabaudumin addition, individual accessionsdf pilosumandH. villosumalso had
this kind of hybrid origin. Based on the known md#x values for the ‘western’ and
‘eastern’ groups (3.61 and 4.02 pg, respectivéiygrmediate genome sizes of the previously
mentioned species might be expected. However, thgmtessions were more similar to the
‘eastern’ species group and significanly differieatn the ‘western’ group. The median 1Cx
values of intermediate hybrid taxa and those witinithating ‘eastern’ ETS sequence were
even higher than those for both clades (Fig. 2bjeiial interpretations could be to assume
nowadays extinct parents with higher genome sizeltarnatively, an increase in DNA
content in hybrid-derived species in comparisoth&r parents, as has been documented in
Helianthusby Baacket al. (2005). Our results also show that hybrids/hylg&leous types
with strongly dominating ‘western’ type ETS (e M., amplexicaulgH. caesiumH. gouanj

H. lachenaliiandH. prenanthoideshave very similar DNA content in comparison with
‘western’ species, which is significantly differdndm hybrids with equal contribution of
‘eastern’ and ‘western’ parents. This might suggegéated backcrossing towards ‘western’
species at the diploid level before genomes bedmma by apomixis. Intermediate hybrids
with dominant ‘eastern’ ETS expectedly did not eifignificantly from either ‘intermediate’

hybrids or ‘eastern’ species.

Genome size and ecogeographic features
In order to possibly identify further componentggehome size variation fétieracium we

tested correlations with a number of other factors.
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A significant positive correlation was found betweleCx value and geographic longitude
of sampling sites, both in the complete set of ssioms and in a restricted set without species
with large distribution areas where the resultsrgilty depend on sampling. Restriction of
these analyses to accessions analyzed by moleatlashowed that these correlations were
even stronger when accessions of ambigous origra eecluded. Thus, phylogenetic
constraint is most likely the determining factorgeihome size variation idieraciumrather
than longitudinal distribution.

In HieraciumsubgenPilosella(Sudaet al, 2007), a longitudinal component of genome
size distribution was found as well: the highesk 1/@lues were detected lth echioidesa
species distributed mainly in steppic habitats siefand eastern Europe (and moreover well
differentiated from the remaining species by theemige of a basal leaf rosette at flowering
time). However, no comparison with species relagps is available. An opposite relation
between genome size distribution and geographgeshas been observed in ge@Gusium,
another member of the family Compositae (Bweeal, 2004). These authors found a
negative correlation between genome size and tteredimit of geographic distribution, i.e.,
species occurring at the eastern boundary of th&liribution range had smaller genomes.
However, our data are not fully comparable withsthby Bure&t al. (2004) as an exact
delimitation of the distribution range in mahlyeraciumspecies is not known and thus we
refrained from an exact statistical comparisonarigne size and distribution limits. At the
intraspecific level, a geography-correlated vaoain DNA content with an increase towards
the east has been documented, e.g. in severabtala grass genusoeleria (Pecinkaet al,
2006), but no correlation was found in, esgsleria albicangLyséket al, 2000). Thus, there
does not seem to be a general trend in genomeaiion in relation to longitude, but
rather a dependence on the particular plant groafyzed. The same holds for a relation
between genome size and latitude, but the datdyweger to intraspecific variation
(Ceccarelli, 1992; 1994; Lysdak al, 2000).

Another geographical feature that was studiedtitide. The correlation between this
parameter and genome size has been a matter dédeliae past years, and divergent results
have been obtained. hieraciums.str., genome size variation does not dependtitunde.
However, our data had to be based on altitudesio§@ampling sites and are therefore biased
by this selection, especially in species occurdogss a large range of different altitudes
(e.g.H. bifidum). Similarly, no correlation between genome size altitude in the family
Asteraceae was found @irsium (BureSet al, 2004) ArtemisiaandTripleurospermum

(Garciaet al, 2004; 2005). In other families, no or even aatieg correlation between
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genome size and altitude was found by Crethal (1994), Reevest al (1998) and Vilhaet

al. (2002) (all on intraspecific variation actylis glomerat® and by Ceccarelét al (1994)

on Vicia faba On the other hand, an increase in genome sitehigher altitute was found in
Centaureas.str. (Bancheva and Greilhuber, 2006) and in sgroeps of grasses (Bennett,
1976; Laurie and Bennett, 1985; Rayburn and Aut@90). Thus, altitudinal genome size
variation also seems to be dependent on the plartiplant group analyzed. Hieracium

there are specifically mountaineous or alpine taxathey are distributed in the Pyrenees, the
Alps or the Balkan mountains, and therefore, th@qgenetic constraint or the east—west
correlation are dominating factors influencing geecsize.

We also did not find a correlation between Cx valaed two selected approximate
ecological parameters published for German plagetisg by Ellenbergt al. (1992), namely
light and temperature. However, the use of Elleglsandicator values foHieraciumis
ambiguous. On the one hand, métigraciumspecies have large ecological amplitudes and
therefore these approximate values could indeagbtil indicators, on the other hand, these
values are only available for Central European isgeand therefore species confined to

either western or eastern Europe had to be excluded

Conclusion

Genome size variation idieraciumsubgenHieraciumis congruent with the phylogenetic
pattern, species of putative western Europeanrohigving significantly lower genome size
in comparison with those of eastern European ariffie® genome size of particular
accessions was also positively correlated withr tpeographic longitude in west—east
direction, but the correlation between genome aigk phylogeny was stronger. Thus,
correlation with longitude and also with other esographic variables such as latutide,

altitude, light and temperature was superimposephyjogenetic constraint.

SUPPLEMENTARY INFORMATION

Supplementary information providing detailed infaton about the sample localities is
available at [Supplementary information].
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TABLES AND FIGURES

Table 1- Accession origin, genome size, and basic phyletestructure.
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Fig. 1— Histograms of relative fluorescenceHreraciums. str. species.

(A) Diploid H. stelligerumwith smallest C- values (peak 2, mean sample Qxeva 3.51 pg,
peak ratio — 1.294, CVs — 1.97®a mayss internal reference standard (peak 1, CVs —
1.66). (B) TriploidH. virosumwith the largest C- values (peak 2, mean sample @xue =
4.34 pg, peak ratio — 1.432, CVs — 1.9} isum sativunas internal reference standard (peak
1, CVs —1.83).

Fig. 2— Phylogenetic component of 1Cx values.

Only accessions for which sequence data were @@itae included. (A) W1: ‘western’
clade accessions withodt transylvanicumW2: ‘western’ clade accessions includidg
transylvanicumX: inter-clade hybrid accessions, E: accessiditisen‘eastern’ clade. (B)
W1, W2 and E like before, hybrids devided in thas predominant ‘western’ (X(W)),
equal (X) and predominant ‘eastern’ (X(E)) ETS saue composition (see also Table 1).
The box indicates the interquartile (25—-75%) ranige small square within the box the

median. The whiskers indicate minimum and maximahoies.

Fig. 3— Variation of genome size among diploids, trigkoand tetraploids (all samples).

1Cx values of all accessions are shown. Differebe¢seen diploids and triploids and
between diploids and tetraploids are significatie Dox indicates the interquartile (25—-75%)
range, the small square within the box the mediae. whiskers indicate minimum and

maximum values.

Fig. 4 — Distribution of 1Cx-values versus longitudinalsgion of collection sites

(A) based on the complete set of accessions/popugatSpearman rank coefficient r = 0.562,
p < 0.001, (B) based on a subset after excludingsstons of widely distributed speciés (
bifidum, H. lachenalii H. laevigatumH. murorum H. sabaudunandH. umbellatunp r =
0.617, p < 0.001.

Fig. 5— Longitudinal component of genome size variat@mmaccessions of known origin
(A) based on accessions/populations analyzed bgeular methods, Spearman rank
coefficient r = 0.649, p < 0.001, (B) based on lasgt after excluding accessions of widely
distributed speciedH( bifidum H. lachenalii H. laevigatumH. murorum H. sabaudunand
H. umbellatunp r = 0.694, p < 0.001.
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