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Abstract

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

The measured monoploid genome size in subgétieracium 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
di ered signi cantly 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 di er in genome
size (Cx).

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

Key words: AsteraceaeHieracium 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. Prav¥ svoji jedineEnosti a dava prostor k
nalezeni novych p°irodnich zakonitosti v botanickém oboru. Vyjime£nost této en-
tity dokazuje nemaly zajem botanické obce ji° od poloviny 19. stoleti. 'ir2i poznéni
mechanizm:, tvo°icich tak komplikovany celek, v2ak souvisi a® s rozvojem novych bio-
systematickych metod. Bylo by proti mysli zvidavého £lov¥ka nevyu®it nové technické
mo°nosti a nep°isp¥t alespo~ malou m¥rou k poznani tohoto jedineEného rodu.

Diplomova prace byla zpracovana pod zaztitou projektu Fylogeneze a evolu£ni
trendy rodu Hieracium pod vedenim Jind®icha Chrtka. Vystupy molekularnich analyz
zajistili Judith Fehrer a Karol Krak.



2 Cile

Karyologicky pr-zkum v2ech analyzovanych druh-.

Nalézt zastoupeni autogamie, p°ipadn¥ jiné, dosud neznamé reproduk£ni strategie
(apomixie) u podroduChionoracium a diploidnich cytotyp- Hieracium s. str. U
polyploidnich druh- Hieracium s. str. nalézt p°ipadnou zbytkovou sexualitu.

Podrobit jednotlivé druhy analyze velikosti genomu a ziskana data srovnat
s rekonstrukci fylogenetickych vztah- na zaklad¥ molekularnich marker- a
vztahnout k ekologickym faktor-m a dal2im ziskanym dat-m (reproduk&ni
mechanizmy, karyologicka data) a pochopit tak zakladni evoluEni procesy a
vztahy.



3 Charakteristika studovanych
skupin

3.1 Charakteristika rodu Hieracium

Rod Hieracium L. (Compositae) je taxonomicky komplikovany rod vytrvalych bylin,
ktery stejn¥ jako n¥kolik dal?ich rod- (Taraxacum, Alchemila aj.) ji° po dlouha léta
spolehliv¥ zam¥stnava desitky botanickych nad2enc:-. Nemalé mno°stvi zastoupenych
druh- (500-10000 podle p°ijaté taxonomické koncepce) je bezesporu dano p°itomnosti
r-znych ploidnich Grovni a rozmanitych reproduk£nich strategii, zahrnujicich jak
sexualni, tak apomiktické (agamospermické) rozmnoC®ovani, typickeé i pro n¥které dal?i
rody £eledi Compositae. Velky vyznam pro vznik variability m¥la a ma také rozsahla
hybridizace.

P°i pokusech taxonomicky zhodnotit tuto variabilitu a de novat druh se ustalily dva
hlavni p°istupy. V prvnim pojeti se akceptuji tzv. malé druhy (mikrospécie); je to
p°istup poulivany p°edevzim ve Skandinavii, na Britskych ostrovech, na Gzemi byvalého
Sov¥tského svazu a byl p°ijat i n¥kterymi £eskymi autory (Sell & West 1976, Sell 1987,
Dostal 1989). Naopak 2ir?i pojeti druhu (ktery je pak dale £len¥n na vnitrodruhové
jednotky, £asto a® do hodnoty subforem, nejv¥t2i vyznam ale maji subspecie) je
poulivan p°edev2im st’edoevropskymi botaniky (Zahn 1921-1923, 1922-1938, Nageli &
Peter 1885). Druhy v 2ir2im pojeti se nasledn¥ d¥li na tzv. hlavni druhy (Hauptarten,
species principales, se 2irokym arealem a dobrou morfologickou diferenciaci) a na
tzv. vedlej?i druhy (Zwischenarten, species intermediae, pravd¥podobn¥ hybridniho
p-vodu, které jsou schematicky °azeny do r-zné vzdalenosti mezi druhy hlavni na
zaklad¥ jejich morfologické podobnosti.

Rod Hieracium je sou£asti subtribuHieraciinae (tribus Lactuceag. Obvykle je £len¥n
do t°i navzajem dob°e odlizitelnych podrod- (morfologicky, ekologicky, zp-sobem
reprodukce), mezi kterymi nebyly nalezeny p°echodné typy. V ramci Evropy a Asie
se vyskytuji podrody Hieracium a Pilosella, na americkém kontinentu pak p°ibyva
t°eti podrod Chionoracium. Hodnoceni t¥chto jednotek v hodnot¥ podrod- ale zdaleka
neni v2eobecn¥ a bez vyhrad p°ijimano. Zastupci podrodrilosella a Chionoracium



3 Charakteristika studovanych skupin

byli £asto zejména na zaklad¥ morfologickych rozdil- odd¥lovani do samostatnych
rod-, hlavn¥ v severoevropskych a britskych studiich; podro&€hionoracium byl pak
n¥kterymi autory °azen i do roduCrepis (Sell 1987). V soufasné dob¥ dokonfena
fylogeneticka rekonstrukce subtribuHieraciinae na zaklad¥ molekularnich marker-
(sekvence ITS a ETS usek: jaderné DNA a vybranych Usek- chloroplastové DNA)
odd¥lila podrodPilosella do samostatné linie od podrod-Hieracium a Chionoracium
(Fehrer et al. 2007). To vedlo mimo jiné i k p°ijeti samostatného rod®ilosellai v
doposud zna£n¥ konzervativnim st°edoevropském prostoru (Brautigam & Greuter
2007). PodrodyHieracium a Chionoracium tvo°i monofyletickou skupinu, ka°dy z
obou podrod- je ale polyfyleticky (Fehrer et al. 2007 et unpubl.). P°edlo®ena studie se
zabyva podrodyHieracium a Chionoracium; souhrnné informace o (pod)rodwPilosella

je mo°né nalézt nap®. ve studii Krahulcové et al. (2000).

3.1.1 Hieracium subgen. Hieracium

Podrod zahrnuje nevyb¥°katé rostliny s r-zn¥ hustymi jednoduchymi (krycimi) chlupy,
stopkatymi °lazkami a hv¥zdovitymi chlupy. Listy jsou obvykle alespo- drobn¥ zubaté,
p°izemni listy obvykle °apikaté, v r-%ci, n¥kdy v dob¥ kv¥tu ji° zaschlé, lody°ni
listy £etné nebo chyb¥ji. Ubory jsou buz jednotlivé na konci lodyhy nebo skladaji
a® mnohouborné vrcholiky. Zakrovy polokulovité, vejcovité, vejcovit¥ valcovité a°
valcovité. Kv¥ty jazykovité s plochou nebo zkracenou zkroucenou ligulou, na vrcholu na
zoubcich n¥kdy s ojedin¥lymi a° £etnymi kratiEkymi chlupy. Na®ky 2,5-5,0 mm dlouhé,
naho’e s nizkym lime£kem, chmyr dvou°ady. P°i urEovani jednotlivych druh- bereme
v Gvahu celou 2kalu znak- tykajici se zejména typu a hustoty od¥ni, zakrovnich listen:,
list- p°izemni r-°ice a lody®nich list- (Chrtek 2004). Centra diversity se nachazeji
p°edevzim na horskych masivech temperatnich oblasti Evropy (Alpy, Pyreneje, Karpaty,
Sudetska poho°i a Balkanské hory). Dal?i rozzi°eni zasahuje na asijsky kontinent, do
Afriky, Severni Ameriky a n¥které druhy byly zavleEeny na Novy Zéland (Obr. 3.1).
V minulosti bylo navreeno n¥kolik £len¥ni tohoto podrodu (cf. Stace 1998), mezi
nejvyznamn¥j2i pat°i klasi kace uve°ejn¥na Zahnem (1921-1923), ktera zahrnuje 25
sekci. Zatim posledni navrh na klasi kaci uve°ejnil Stace (1998), vychazel ale v zasad¥
ze star2iho konceptu p°ijatého v dile Flora Europaea (Sell & West 1976).

3.1.2 Hieracium subgen. Chionoracium Schultz-Bip.

Zastupci tohoto podrodu jsou vytrvalé byliny s p°izemnimi £i st°idavymi lody°nimi
listy, celistvymi £i zubatymi. Kv¥tenstvi je vrcholikovité nebo latovité. Zakrovy s
jednoduchymi chlupy a nebo stopkatymi °lazkami, liguly 5 zubé, kv¥ty °luté, bilé
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nebo nar-°ov¥lé. TyEinky 1-3,5 mm dlouhé, na°ky s 10 °ebry na bazi nebo uprost°ed
zUlené, chmyr jedno®ady (Beaman 1990). V souf£asné dob¥ p°ijimaném vymezeni je
rozzi°en v Severni i Ji°ni Americe a ve vychodni Asii. Podro@hionoracium je zatim
nejmén¥ prozkoumanou skupinou v ramci 2irokého roddieracium. Zahn (1921-1923)
£leni podrod do 6 sekci, uznava ale samostatny podrthndonia, pozd¥ji z°ejm¥
opravn¥n¥ p°i°azeny k podrodiChionoracium (Sleumer 1959). V n¥kterych ohledech
sporné je i vymezeni podrodu nap°. v¥t2ina africkych a evropskych zastupc- sekce
Tolpidiformia byla pozd¥ji v¥tZinou autor- z rodu Hieracium vy°azena. P°ikladem
m-%e byt indicky druh H. silhetense(DC.) Peter, ktery nalezl své misto v asijském
rodu Youngia (Babcock & Stebbins 1932). Starzich studii (krom¥ Zahnovy monogra €)
zabyvajicich se podroderthinoracium je velmi méalo (nap°®. Robin & Green 1904, Blake
1922). V¥t2ina praci se pak zabyva diverzitou podrodu v Severni Americe (Fernald
1943, Strother 2006, Gaskin et al. 2007), nov¥ji byl podrod monogra cky zpracovan
i ve st°edni Americe (Beaman 1990). Naopak tém¥° neznama z-stava diverzita této
skupiny v Ji°ni Americe. V¥t2ina druh- Severni a st°edni Ameriky je pom¥rn¥ dob°e
rozpoznatelnych. Problematické se zdaji byt pouze n¥které polymorfni druhy s velkymi
arealy (H. abscisum H. crepidispermum H. dysonimum H. irasuense H. mexicanum

H. pringlei), kde na jejich okraji, p°i styku s jinymi druhy, pravd¥podobn¥ dochazi k
hybridizaci (Beaman 1990).

¢ L (_._
e 0

y \ o
W 2 R
B ELT L I
i R .2 =L

4,

*g
=]

. ] - - 5 ’
==t T i E
; o e )
il ; o G
R i 7 S e
] g H
e
o E . gf !
-, ¥
=] -
*f..u'

L
5
r
X

i ORI
&
&
.
'
L]
\
\
kY
G."—r‘ Rz s 1 A
T

|
kY {
]
eV y #
te. 125
7 lad
4) " (BT
: (R %
‘-:‘J' I
Fiz 3. Aveal der Unteegalluneen von Hieraeium.
Untergatiung Eulieracinm.
-------------- Stepothera Kleines Areal in den ruropiischen Alpen’
R TR TN o TR g A, WO g Alsenddoivia,
salusluslelenlslss] » Pilosolla.

Obrazek 3.1: Arealy jednotlivych skupin roduHieracium dle Zahna (1921-1923)
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4 Sb¥r studovanych rostlin

Vzhledem k obrovské diversit¥ rodiHieracium a v mnoha p°ipadech nejasné evolu£ni
historii tzv. p°echodnych (hybridogennich) druh-, zahrnuje tato studie pouze tzv.
hlavni (z de nice nehybridni, co® ale z°ejm¥ neni zcela pravda) druhy v pojeti Za-
hnova monogra ckého zpracovani rodu (Zahn 1921-1923). Vyjimkou jsou druhy sekce
Cerinthoidea (H. cerinthoides H. cordifolium, H. gouani, H. ramondii, H. recorderi),
kde je p°ijato u®i pojeti druh- (Mateo 2005). Zahrnuty jsou také dva nov¥ popsané
balkanské druhyH. kittaniae (Vladimirov 2003) a H. petrovae (Vladimirov & Szelag
2006) a jeden balkansky drutH. plumulosum (H. waldsteinii agg.) ktery byl za°azen
do analyz diky své izolovanosti a diploidnimu po£tu chromozom-. V2echny rostliny
pochazeji z p°irodnich populaci, byly sebrany v letech 2004 2007 (sb¥ratelé viz Tab.
p°iloha) a nasledn¥ p¥stovany v experimentalni zahrad¥ Botnického Ustavu AV fR v
Pr-honicich. Jejich umist¥ni a kultivaEni podminky byly pr-b¥°n¥ p°izp-sobovany
ekologickym nérok-m a tnes rostliny. Pouze v p°ipad¥ n¥kolika méalo populaci byly
rostliny vyp¥stovany ze semen, v°dy se jednalo o populace kde byla tém¥° jist¥ vylou-
£ena mo°nost mezidruhové hybridizace (a tudi® hybridniho p-vodu semen) a rostliny
byly vedy dop¥stovany do stadia kveteni. Celkem bylo p¥stovano 230 rostlin z 92
populaci zastupujici 43 zastupc- podrodiHieracium a 3 druhy podroduChionora-
cium. V ramci projektu Fylogeneze roduHieracium byl zam¥r vyu®it stejny soubor
rostlin pro studium molekularnich marker-, stanoveni po£tu chromozom:, velikosti
genomu a zp-sobu reprodukce. | p°es veZkerou pé£i byly analyzy n¥kterych jedinc-
znemo®n¥ny jejich 2patnym fyziologickym stavem £i totalni destrukci parazitickymi
houbami, hmyzem £i divou zv¥°i. Analyzované rostliny byly herbarizovany (nebo
budou a° vykvetou), dokladové polo®ky jsou ulo®eny v herba®i Botanického Ustavu
AV fR (PRA).
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5 Karyologie

5.1 Uvod

Pro cely komplexHieracium s.l. je zakladni chromozomove £islo x = 9, charakteristické
i pro celou °adu rod- £eled¥ AsteraceaéAChillea, Artemisia, Lactuca atd.). Jednotlivé
skupiny (Hieracium subgen.Hieracium, Hieracium subgen.Chionoracium a Pilosella)
se ale zasadn¥ lizi v zastoupeni diploidnich a polyploidnich druh-/cytotyp- v ramci
druh-. V¥t2ina zastupc- podrodu Hieracium jsou polyploidi, na evropském Gzemi
jsou nejfast¥j?i triploidi (ve st°edni Evrop¥ jsou zastoupeni asi ze 70 % , Schuhwerk &
Lippert 1999). Tetraploidi jsou vzacn¥j?i a pentaploidni druhy byly zji2t¥ny jen velmi
vzacn¥. Velkym p°ekvapenim je publikace hexaploidniho a dokonce oktoploidniho
chromozémového po£tu u druhtd. virosum (Pulkina & Tupitsyna 2000). Diploidni
druhy, £i diploidni cytotypy jinak polyploidnich druh- jsou zastoupeny pouze v
men2in¥, a to zpravidla ve vztahu k urfité geogra cké oblasti. Takovou oblasti je
nap°. jihozdpadni Evropa, kde Pyrenejsky poloostrov a jeho pcilehla Gzemi jsou
aredlem vyskytu diploidnich zastupc- sekce&Cerinthoidea (Mateo 1996, Mateo 1998).
Poho°i Balkanského poloostrova jsou vyznamnym refugiem sexualnich druh- jakb
kittaniae, H. petrovae H. sparsuma H. transylvanicum (Rosenberg 1927, Christo
1942, Vladimirov 2003, Vladimirov & Szelag 2006, Chrtek et. al 2007). Jedinym 2iroce
rozzi°enym diploidnim druhem jeH. umbellatum jeho® misto je i v £eské kv¥ten¥
(Schuhwerk 1996).

Chromozomova £isla podrod€hionoracium nevykazuji °adnou variabilitu, a to ani
v oblastech kde jednozna£n¥ dochazi ke k°i°eni druh-. VV2echna doposud spo£itana
chromozomova £isla byla 2n = 18 (Zahn 1921-1923, Beaman 1990).

5.2 Metodika

Chromozomy byly po£itany klasickou metodou do£asnych roztlakovych preparat:,
k ni® byly zapot°ebi ko°enové 2pi£ky s aktivnim meristematickym pletivem (mIé£n¥
zakalené konce ko°ink-). Idealni bylo provad¥t odb¥ry v £asnych rannich hodinachykd
je aktivita meristemu nejvy22i. Kvli nedostatku vhodnych ko°inku bylo n¥kdy pot°eba

12



5 Karyologie

aktivn¥ pomoci p°i jejich tvorb¥ (p°esazovani, hydroponie). Od hydroponni metody
bylo pozd¥ji upu2t¥no, kv:li velké mortalit¥. Odebrané ko°inky byly po dobu 3-4 hodin
za pokojové teploty podrobeny p°edp-sobeni nasycenym roztokem p - dichlorbenzenu.
Posléze byly d-kladn¥ proplachnuty xa£nim roztokem (kyselina octova a ethanol v
pom¥ru 1:3) a xovany p°ibli°n¥ 12h p°i teplot¥ 4°C. Fixované ko°inky byly skladovany

v 70% ethanolu. P°ed vlastni p°ipravou roztlakovych preparat- byly macerovany po
dobu 7-9 min v 1N roztoku HCI p°i teplot¥ 60C ve vodni lazni a nasledn¥ zpracovany
metodou roztlakovych preparat-. K barveni byl pou®it lacto propion orcein (Dyer
1963). Chromozdémy byly po£itany pod sv¥telnym mikroskopem za pou®iti imerze p°i
zv¥t?2eni 1000x, p°iEem® hodnoty byly zji2t¥ny vedy u ka°dé populace pro minimaln¥
dv¥ rostliny.

5.3 Vysledky

V ramci projektu zam¥°eného na fylogenezi roddieracium byl zji?t¥n po£et chromo-
zom- u rostlin z 90 populaci pat®icich k 44 druh-m (viz Tab. 7.2). Na po£itani se ale
podilelo vice autor-, a proto jsou v tabulce £. 5.1 této diplomové prace uvedeny pouze
pofty zji2t¥né J. ZahradniEkem. V kapitole diskuse jsou ale zohledn¥ny v2echny
Zji2t¥né pocLty.

Tabulka 5.1: Chromozomové po£ty zji2t¥né autorem p°edlo®ené 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 12271 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
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5 Karyologie

5.4 Diskuze

V rdmci °e2eni diplomové prace byl zji2t¥n po£et chromozom- u 16 populaci °azenych k
15 druh-m. V ramci projektu Fylogeneze roduHieracium pak byl po£et chromozom:-
stanoven u celkem 90 populaci, pat°icich k 44 druh-m (Chrtek et al. 2007 a Chrtek
et al. 2008 - viz p°iloha). Byly zji2t¥ny t°i po£ty chromozom- 2n = 2x = 18, 2n

= 3x = 27 a 2n = 4x = 36, u 9 druh- byly nalezeny dva cytotypy (6 v kombinaci
3x/4x a 3 v kombinaci 2x/3x), v°dy se ale jednalo o mezipopula£ni diferenciaci, nikoliv
variabilitu v rdmci jedné populace. U 7 druh- (H. gouanii, H. gymnocerinthe H. pictum,
H. ramondii, H. recoderi, H. stelligerum H. tomentosunm) jde o prvni stanoveni po£tu
chromozom:-, u dalkich 3 druh- (H. gymnocephalumH. humile, H. lawsonii) byl
poprvé zjizt¥n doposud nepublikovany cytotyp. Nejvice studovanych taxon- bylo
triploidnich (54 %), mén¥ diploidnich (32 %) a spi2e vyjime£n¥ byl zji2t¥n tetraploidni
pofet (14 %, Obr. 5.1). Dale jsou struEn¥ diskutovany zji2t¥né po£ty chromozom- u
jednotlivych druh-, u druh- s mnoha d°ive publikovanymi po£ty jsou n¥kdy zmin¥ny
pouze souborné indexy chromozomovych po&£t..

Zastoupeni jednotlivych cytotypl Hieracium s.str

O14%

HZx

B 54% = e
O 4dx

Obrazek 5.1: Zastoupeni jednotlivych cytotyp- hlavnich druh- podroduHieracium.

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

Druh s velkym, ale znaEn¥ disjunktnim areadlem znamy p°edevzim jako triploid (2n
= 27) (Skawicska 1963, M¥sifek in M¥sifek & Jarolimova 1992, Chrtek 1997, 2004).
Nalez tetraploidniho cytotypu ze zapadnich Tater publikovali Szelig & Jankun (1997).
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5 Karyologie

Zda se °e diploidni cytotyp je omezen pouze na vychodni (Chrtek 1997) a ji°ni Karpaty
(Mraz 2003). Zvl&2tnosti je zde bezesporu nélez aneuploidie (Sokolovskaya & Strelkova
1960) ze severozapadniho Ruska.

H. amplexicauleL. 2n = 27, 36 (Chrtek et al. 2007, 2008)

U tohoto druhu rozzi°eného p°edevzim ve st°edni a ji°ni Evrop¥ (zasahuje i na africky
kontinent) jsou znamy t°i cytotypy (2n = 18, 27, 26). Nejroz?i°en¥j?i triploidni cytotyp

je pro subsp.amplexicauledokumentovan z Pyreneji (Schuhwerk & Lippert 1998), a
ji°niho 'pan¥lska (Cueto Romero & Blanca Lopez 1986). Stejny po£et je publikovan
pro subsp. olivicolor z Maroka (Vogt & Oberprieler 1994), nejnov¥j2i nalez pak pochazi
z Balearskych ostrov- (Castro et al. 2007). Tetraploidni rostliny uvad¥ji Gentche &
Gustafsson (1940) a Quézel (1957). Existuje pouze jediny zaznam diploidniho po£tu
chromozdm- ze 'pan¥lska (Castro et al. 2007).

H. bidum Kit. 2n = 27 (Chrtek et al. 2008)

H. bi dum je p°edevzim horsky druh st°edni Evropy se 2irokou ekologickou amplitudou,
ktery se vyskytuje hlavn¥ jako triploidni cytotyp (M&jovsky 1970, Natarajan 1988,
Mraz & Szeljg 2004). Je ale dokumentovan i p°ipad diploidnich (Rosenberg 1927) a
tetraploidnich (Mraz & Szeljg 2004, Chrtek 2004) rostlin.

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

Pro tento balkansky druh jsou uvad¥ny p°eva®n¥ triploidni po£ty (2n = 27). Schuhwerk
& Lippert (1999) uvadi 2n = 27 a 36 proH. bracteolatum subsp.reinholdii. Pro stejny
poddruh uvadi triploidni pofet i Strid & Franzen (1981). V2echny zaznamy pochazi z
secka.

H. bupleuroidesC. C. Gmel. subsp.bupleuroides2n = 27, subsp.levicepsNageli
& Peter 2n = 27, subsp.tatrae (Griseb.) Nageli & Peter 2n = 27 (Chrtek et al.
2007, Chrtek et al. 2008)

P°evalujici triploidni po£et (2n = 27) publikoval pro subsp.bupleuroidesa pro subsp.
tatrae Chrtek et al. (2004) ze zapadnich Tater. Dal?i zdznamy triploidniho po£tu
jsou hojn¥ dokumentovany z Alp (Polatchek 1966, Schuhwerk & Lippert 1999, subsp.
bupleuroide$. Tetraploidni rostliny jsou ji° mén¥ hojné. Niketi¢ et al. (2003, 2006)
nalezl 2n = 36 v ferné Ho°e, Chrtek et al. (2004) v zapadnich Tatrach a Szelig &
Vladimirov (2005) v ji°nim Polsku.
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5 Karyologie

H. caesiumagg.

H. basifolium (Fr. ex Almqg.) Lonnr. (H. caesium subsp.basifolium sensu Zahn)
2n = 36, H. plumbeumFr. (H. caesiumsubsp.caesiumsensu Zahn) 2n = 36

Chromozomové po£ty tohoto patrn¥ uniploidniho druhu (agg.) dokumentovali pouze
Schuhwerk & Lippert (1999) pro subspcaesiuma subsp.cornosum (Wiesh. ex Dichtl)
z oblasti rakouskych a n¥meckych Alp.

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

Delay (1969) publikoval diploidni po£et (2n = 18). Vzhledem k velké variabilit¥ této
skupiny se ale m-°e jednat i o jiny taxon sekceCerinthoidea

H. cordifolium Lapeyr. s. str. 2n = 18 (Chrtek et al. 2007)

U druhu soust®°ed¥ného vyskytem do JZ Evropy (stejn¥ jako celd sekEerinthoidea),
existuje jediny zaznam di- (subspneocerinthe (Fr.)) i triploidniho (subsp. eriocerinthe)
po£tu chromozdm:- (Schuhwerk & Lippert 1999).

H. eriophorum St.-Amans 2n = 18 (Chrtek et al. 2007)
Stejny po£et chromozédm- 2n = 18 u rostlin z Francie publikoval Merxmdiller (1975).
H. glaucumAll. 2n = 27 (Chrtek et al. 2007, Chrtek et al. 2008)

Zjit¥ny pofet se shoduje s d°ive publikovanymi Udaji z Rakouska (Polatschek 1966),
Italie (Scannerini 1971) a N¥mecka (Schuhwerk & Lippert 1999). Jiné cytotypy nejsou
prozatim znamy.

H. gouanii Arv.-Touv. 2n = 18 (Chrtek et al. 2007)
Jednd se o prvni udaj o po£tu chromozém:-.
H. gymnocephalumGriseb. ex Pant. 2n = 18 (Chrtek et al. 2008)

Tento druh byl dosud znam pouze jako triploid (Niketi¢ et al. 2006). Jde tedy o
prvni nalez diploidniho cytotypu; taxonomicky jde ale o pom¥rn¥ komplikovany druh
(agregét) a bude pot°eba zjistit vztah mezi ploidni Grovni a morfologicky de novanymi
jednotkami. Diploidni cytotyp byl v sekci Pannosa publikovan zatim pouze uH.
petrovae (Vladimirov & Szelag 2006).
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5 Karyologie
H. gymnocerinthe Arv.- Touv. & Gaut. 2n = 27 (Chrtek et al. 2007)

Tento pyrenejsky druh, morfologicky velmi podobnyH. ramondii, byva £asto kla-
si kovan jako poddruh H. cerinthoides Da se p°edpokladat °e jde o prvni zji2t¥ni
chromozémového po£tu.

H. heterogynum(Froel.) Guterm. 2n = 27 (Chrtek et al. 2008)
Pravd¥podobn¥ prvni tdaj o po£tu chromozom..
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).

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

Nedavno popsany reliktni druhH. kittaniae z ji°niho Bulharska je charakteristicky
jen diploidnim chromozomovym £islem (Vladimirov 2003).

H. lachenalii Suter 2n = 27 (Chrtek et al. 2007, 2008)

U tohoto variabilniho celoevropsky rozzi°eného lesniho druhu je uvad¥n v¥tzinou
triploidni cytotyp (mnoho referenci uvadi Chrtek et al. 2004). Jediny udaj dokumen-
tuje tetraploidni rostliny (Lavrenko & Serditov 1987). Té®° je zde publikovan p°ipad
aneuploidie (2n = 28; Rostovtseva 1983; pova®ovano %4 tilingii  Juxip).

H. laevigatumWilld. 2n = 27 (Chrtek et al. 2007, 2008)

Druh osidlujici celou Evropu je znam p°eva®n¥ triploidnimi (2n = 27) cytotypy, uvad¥ny
jsou ale i diploidni rostliny (Schuhwerk 1996 a mnoho jinych chromozémovych index:).

H. lawsonii Vill. s.I. 2n = 27, 36 (Chrtek et al. 2008)

U tohoto druhu roz2i°eného v oblasti Pyrenejského poloostrova a jihozapadnich Alp
je doposud velmi mélo udaj- dokumentujicich chromozémové po£ty. Schuhwerk &
Lippert (1998) publikovali triploidni po£et u H. lawsonii subsp.aemuli orum. Zda se
tedy, °e se jedna o prvni nalez tetraploidniho cytotypu.

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

P°eva®n¥ jsou uvad¥ny triploidni rostliny (2n = 27, mnoho zdznam- uvadi nap°.
Schuhwerk 1996). Tetraploidni po£et je vzhledem k mnao°stvi 2n = 27 zaznam- uvad¥n
jen vzacn¥ (Schuhwerk & Lippert 1998).

H. naegelianumPancic 2n = 27 (Chrtek et al. 2007)

Stejna chromozdmova £isla tohoto balkanského druhu publikoval Niketi¢ et al. (2003,
2006) a Vladimirov & Szeljg (2001).

H. olympicum Boiss. 2n = 27 (Chrtek et al. 2007)
Stejny po£et publikovali Vladimirov & Szeljg (2001).
H. pannosumBoiss. 2n = 27, 36 (Chrtek et al. 2007, 2008)

Néalez obou cytotyp- tohoto druhu sekcePannosaodpovida dosavadnim udaj-m z
secka (Papanicolau 1984). Samotny tetraploidni po£et z Bulharska uvad¥ji Vladimirov
& Szelag (2001). Triploidni po£et z secka zase Strid & Franzén (1981) a Schuhwerk &
Lippert (1998).

H. petrovae Vladimirov & Szeljg 2n = 18

Tento vapnomilny skalni druh je spoleEn¥ . gymnocephalun{v této studii objevenym)
jedinym diploidnim druhem sekcePannosa Uvad¥ny chromozémovy po£et souhlasi s
dosud jedinym udajem z ji°niho Bulharska (Vladimirov & Szeljg 2001).

H. pictum Pers. 2n = 27 (Chrtek et al. 2008)

Zda se, %e jde o prvni dokumentaci chromozomového po£tu tohoto zna£n¥ variabilniho
alpského druhu.

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

Nami nalezené chromozomové po£ty odpovidaji publikovanym udaj-m. Schuhwerk &
Lippert (1999) nalezli ve 'vycarskych Alpach tetraploidni cytotyp pro H. piliferum
subsp.hololeptum Triploidni cytotyp stejného poddruhu z Alp uvadi Scholte (1977).

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

Podobn¥ jakoH. villosum roste hlavn¥ ve vy22ich polohach evropskych vapencovych
poho®i. Stejna chromozomova £isla 2n = 27 zve°ejnili Moore (1982) a Chrtek et al.
(2004) z oblasti Zapadnich Tater. Tetraploidni po£et nalezli Christo & Popo (1933).
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5 Karyologie

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

P°eva®n¥ alpsky a s nejv¥t2i pravd¥podobnosti pouze diploidni druh; publikované
po£ty pochazeji z Julskych Alp (Favarger 1965) a ze SV lItalie (Marcucci & Tornadore
1999).

H. prenanthoidesVill. 2n = 18, 27 (Chrtek et al. 2007, 2008)

Horsky druh s velkym areédlem, sahajicim od Pyreneji po poho®i v mirném pasu Asie.
Velmi zajimavy je zji2t¥ny diploidni po£et u rostlin ze zapadnich Alp (Hautes Alpes)

z tohoto Uzemi byli sice diploidi ji° d°ive uvad¥ni (Favarger 1969a, b), udaj-m ale
nebyla v¥novana p°ilina pozornost a snad se jim ani p°iliZ nev¥°ilo. Zda se, °e prav¥
francouzské Hautes Alpes jsou jedinou oblasti vyskytu diploid-, rostliny z jinych
evropskych poho®i jsou tri- nebo tetraploidni (souhrn publikovanych Gdaj- viz Chrtek
et al. 2007).

H. racemosumWaldst. et Kit. ex Willd. 2n = 27 (Chrtek et al. 2008)

U tohoto 2iroce rozzi°eného, spi2e teplomilného druhu jsou znamy t°i cytotypy (2x,
3X, 4x), vyrazn¥ ale p°eva®uji nalezy triploid-. Zatim prvni Udaj o diploidnim po£tu
pochéazi z rakouskych Alp, ze smi2ené populace di- a triploid- (Schuhwerk & Lippert
1999). Prvni nalez tetraploidniho cytotypu publikoval Merxmuler (in Moore 1982).

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

U tohoto druhu pat°iciho do sekceCerinthoidea jde o prvni zji2t¥ni chromozdmového
po£tu.

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

Druh znamy pouze z n¥kolika malo mist v severnim Katalansku (De Retz 1978).
Chromozémova £isla pro tento druh doposud nebyla publikovana. V sekigrinthoidea
je v2ak nalezeny po£et (2n = 18) vice ne° £asty.

H. schmidtii Tausch 2n = 27 (Chrtek et al. 2007, 2008)

Nami zji2t¥né po£ty koresponduji s b¥°n¥ uvad¥nymi Udaji. fast¥ji publikovany cytotyp
(2n = 27) nalezl Chrtek (1996) v Krkonoz?ich, Castro et al. (2007) ve 'pan¥Isku a
Schuhwerk & Lippert (1999) v N¥mecku. V poslednim p°ipad¥ byly druhy identi kovany
jako H. schmidtii subsp.comatulum a subsp.kalmutinum. Tetraploidni po£et uvady¥ji
M¥sifek & Jarolimova (1992) ze st°ednich fech a Castro et al. (2007) ze 'pan¥lska.
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5 Karyologie
H. sabaudumL. 2n = 27 (Chrtek et al. 2008)

Pro tento 2iroce rozzi°eny evropsky druh jsou znamé v2echny b¥°n¥ se vyskytujici
ploidni Grovn¥ (2x, 3x,4x) (nap°®. Schuhwerk 1996, Majovsky et al. 1987). Udaje o
diploidech jsou ale velmi vzacné, a z°ejm¥ jde o zam¥ny s netypickymi morfotypy jinak
b¥°n¥ diploidniho druhuH. umbellatum

H. sparsumFriv. 2n = 18 (Chrtek et al. 2008)

Druh balkanskych hor u n¥ho° vetzina publikovanych po£t- dokumentuje diploidni

jedince. Vice Udaj- pochazi z Bulharska (Vladimirov 2000, Vladimirov & Szeljg 2001),
nejnov¥ji byli diploidi zji2t¥ni i v Srbsku (Szeljg 2007). Jediny p°ipad triploidnich

rostlin pochazi z Makedonie (Schuhwerk & Lippert 1998).

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

Pro tento skalni druh s malym arealem v ji°ni Francii severn¥ od m¥sta Montpellier
se jedna o prvni udaj o po£tu chromozom:.

H. tomentosumL. 2n = 18, 27 (Chrtek et al. 2007, 2008)

Pro tento vyznamny zejména alpsky druh nebyly p°ekvapiv¥ doposud znama °adna
chromozoémova £isla. Zatimco diploidni po£et pochazi z P°imo°skych Alp, triploidni
rostliny byly nalezeny v okoli m¥sta Briancon ve francouzskych Hautes Alpes. Podrob-
N¥j2i roz2i°eni obou cytotyp- ale zatim neni znamo.

H. transylvanicum Heu . 2n = 18 (Chrtek et al. 2007)

S velkou pravd¥podobnosti vyhradn¥ diploidni druh, roz2i°eny zejména ve Vychodnich
a Ji°nich Karpatech a v poho°ich Balkdnkého poloostrova. Zaznam- dokumentujicich
diploidni po£et je mnoho (nap°. Rosenberg 1927, Pashuk 1987, Chrtek 1996, Mraz et
al. 2005).

H. umbellatumL. 2n = 18 (Chrtek et al. 2007, 2008)

Velké mno°stvi zaznam- dokumentuje jak diploidni tak triploidni cytotypy (nap°®.
Majovsky et al. 1987, Schuhwerk 1996).

H. villosum Jacg. 2n = 27, 36 (Chrtek et al. 2008.)
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5 Karyologie

Druh stejn¥ jakoH. pilosum osidluje nejvy2i polohy st’edoevropskych poho®i; je vazan
na zejména na krystalické vapence a dolomity. Nejroz2i°en¥j2im cytotypem je triploidni,
tetraploidni je mén¥ £asty, diplodi nebyli zatim zji2t¥ni (Schuhwerk 1996, Chrtek et al.
2004) Z rakouskych Alp je také zaznamenana aneuploidie u dvou zkoumanych rostlin
(Polatschek 1966).

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

Hlavn¥ 3x (Belaeva & Siplivinsky 1976, Volkova & Boyko 1986) a 4x (Christo &
Popo 1933, Astanova et al. 1989) ploidni stupn¥ byly nalezeny v Rusku. Pulkina &
Tupitsyna (2000) dokonce nalezly pentaploidni a oktoploidni po£et chromozom..

H. waldsteinii agg.

H. plumulosumA Kern. 2n = 18 (Chrtek et al. 2007)

Pro tento agregatH. waldsteinii uvadi Schuhwerk (1996) v2echny t°i cytotypy (2n
=18, 27, 36). Prvi nalez diploidniho chromozomového £isla drulit plumulosumz
fernohorského poho°i Sinjajevina publikoval Szeljg et al. (2007).

Chionoracium Schultz-Bip.

H. scabrumFroel. ex DC. 2n = 18

Chromozémové po£ty tohoto druhu nebyly doposud publikovany. Spo£teny diploidni
pofet (2n = 18) odpovida vZem dosud nalezenym po£t-m (nap°. Schuhwerk 1996).
Ukazuje se, °e zastoupeni diploidnich druh- a cytotyp- multiploidnich hlavnich
druh- je pon¥kud vy ne® se p°edpokladalo. V ramci projektu Fylogeneze rodu
Hieracium byl poprvé zjizt¥n diploidni po£et u druh- H. tomentosum H. stelligerum
H. gymnocephaluma byly zji?t¥ny nové lokality d°ive uvad¥nych diploidnich taxon-.
Vladimirov & Szeljg (2006) rozliili diploidni druh H. petrovae Vladimirov (2003)
popsal diploidni H. kittaniae. V2echny zmin¥né druhy jsou soust°ed¥ny do refugii na
Balkanském poloostrov¥ a v JZ Evrop¥ (Obr. 5.2). Jedinou vyjimkou (bereme-li v
avahu jen druhy hlavni ) je H. umbellatumroz?i°ené od polarniho kruhu po Pyrenejsky
poloostrov, roste i na v¥t2in¥ plochy severoamerického kontinentu vEetn¥ Grénska.
Zajimavé je také to, °e jeho polyploidni cytotyp je rozzi°en v mnohem menz3i mi°e.
Tento vyjime£n¥ velky areal (vzhledem k ostatnim diploidnim druh-m) je bezesporu
vysledkem jeho velké konkurenceschopnosti. Tato Gvaha je v2ak v rozporu z obecnymi
zav¥ry °e diploidni druhy jsou mén¥ konkurence schopné ne® polyploidni. Tak je tomu
ostatn¥ u v¥t2iny druh- podrodu Hieracium, kde maji diploidni druhy pozici lokalnich
endemit- (Vladimirov 2003) nebo jsou rozzi°ené jen velmi omezen¥.
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Obrazek 5.2: Mapa royzi°eni cytotyp- hlavnich druh-.
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6 Reproduk£ni zp-soby

6.1 Uvod

Rod Hieracium v 2irokém pojeti (incl. Pilosella) je znam velkou diversitou reproduk£-
nich zp-sob- a strategii. Jednotlivé skupiny (Hieracium subgen.Hieracium, Hieracium
subgen.Chionoracium a Pilosella) se ale v tomto zna£n¥ li¢i. V podrodHieracium
zp-sob rozmnoPovani Uzce souvisi s ploidni Urovni. U diploidnich rostlin byl prokazan
pohlavni zp-sob rozmno®ovani, kdy dochazi ke splynuti dvou haploidnich gamet v
diploidni zygotu (Gustafsson 1974). P°edpoklada se, e v¥t?ina t¥chto rostlin bude
soufasn¥ obligatn¥ allogamicka, experimentaln¥ to bylo zji2t¥no ale zatim pouze u
n¥kolika druh-/cytotyp-, nap®. u H. alpinum (Chrtek 1997) aH. umbellatum (Mraz
2003). Autoinkompatibilita (SI), znama také u mnoha jinych rod-, tak sni®uje riziko
inbreedingu a zvy2uje genetickou variabilitu. Ne vedy je ale obligatni allogamie vyho-
dou. V situacich, kdy v m¥nicich se podminkach prost°edi dojde ke sni®eni mno°stvi
jedinc- v populaci, m-°e samoopyleni zabranit zaniku populace. V rodwHieracium
byla zji2t¥na porucha autoinkompatibility vlivem pylu jiného druhu nebo faktoru
prost°edi (tzv. mentor e ects, Richards 1997). Mraz (2003) spolu experimentaln¥
kei°il jednak dva diploidni duhy, jednak diploidni (jako sami£i rostliny) a polyploidni
druh. P°i smi2eni pylu H. alpinum s jinym diploidem vzniklo 19% autogamickych
potomk-, p°i jeho k°i°eni s polyploidem pak 100% autogamickych potomk-. Jedna se
tedy o prvni doklad poruchy autoinkompatibility u podrodu Hieracium s.str. (Mraz
2003). Oproti tomu u polyploidnich zastupc- (3x, 4x, 5x) byla doposud zji2t¥na pouze
apomixe (agamospermie), spojena s partenogenetickym vznikem zygoty z neoplozené
neredukované vaje£né bu-ky. Mechanismus apomixe u této skupiny je oznafovan
jako diplosporie typu Antennaria (Bergman 1941, Skawinska 1963, Gustafsson 1974,
Nogler 1984), p°i které je poru2eno meiotické d¥leni mate°ské bu-ky megaspor a
vznika tak neredukovany zarode£ny vak. N¥které studie ale p°esto p°ipout¥ji mo°nost
zbytkové sexuality i u polyploidnich druh- (Bergman 1941). U triploidnich jedinc-
doché&zi v¥t2inou i k poru2e mikrosporogeneze, kdy pylova zrna £asto v-bec nevzni-
kaji. Tetraploidni jedinci pyl produkuji v¥t2inou v dost omezené mi°e, jeho U£ast p°i
sexualnim rozmnoCovani v2ak zatim nebyla dokumentovana. V sou£asnosti vime, °e
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u apomiktickych druh- je variabilita xovana a tim jsou jednotlivé taxony pom¥rn¥
dob°e vymezeny.

Podrod americkych jest°abnik- Chionoracium se zda byt (dostupnych udaj- je
ale zatim velmi mélo) vyhradn¥ sexualn¥ se rozmnoCujici skupinou. Na rozdil od
podrodu Hieracium tu ale neni Upln¥ jasné zastoupeni a role autogamie. Beaman
(1967-1968) sice izolaci ubor- u druhid. sphagnicolap®itomnost autogamie neodhalil,

u H. mexicanumale vznik plnych nafek po izolaci poukazuje na mo°nost autogamie.
V pcipad¥ H. mexicanumse v2ak mohlo jednat (i kdy® je to dost nepravd¥podobné)
o fertilni na®ky vzniklé apomikticky. Sole (1988) uskute£nil stejny experiment .
mexicanuma H. abscissumV n¥m byly u H. mexicanum ziskany pouze sterilni na®ky,
H. abscisumprodukovalo naky fertilni. Zda se tedy, °e zastoupeni autogamie je u
podrodu Chionoracium vy22i ne® u pravych jest°abnik:.

Blizce p°ibuzny rodPilosella se zastoupenim jak sexualnich, tak i apomiktickych
typ- bli° spi2e podrodu Hieracium, podil sexuality je tu ale mnohem vy2?j a zbytkova
sexualita byla prokazana i u apomikt- (na rozdil odHieracium subgen.Hieracium je
tu ale jiny mechanismus apomixe, tzv. aposporie, p°i které soub¥°n¥ s apomiktickym
zarode£nym vakem vznikd i meioticky zarode£ny vak (Rosenberg 1907, Pogan & Wcislo
1989)).

6.2 Metodika

Zp-sob reprodukce byl zjiz’ovan u vybranych p¥stovanych rostlin ka°dého druhu, vedy
byly p°itom zahrnuty rostliny odebirané na molekularni analyzy a stanoveni velikosti.
U testovanych rostlin by také (a® na vyjimky, kdy byl zji2t¥n u jinych rostlin z té°e
populace) zji2t¥n pofet chromozom-. Zadm¥rem bylo potvrdit apomikticky zp-sob
reprodukce u polyploidnich rostlin (p°ipadn¥ zjistit zbytkovou sexualitu), a alogamii
(p°ip. miru autogamie) u diploidnich sexuélnich druh-. Byla pouita metoda izolace
nebo kastrace Ubor- (Gadella 1987, Krahulcova & Krahulec 1999) a srovnani s po£tem
pinych na®ek z volného sprazeni. Diploidni zastupci obou podrod- byli testovani na
p°itomnost autogamie (za p°edpokladu vylouEeni mo°nosti apomixe):

1. Nahodn¥ vybrané zatim nerozkvetlé Ubory byly izolovdny pomoci mono lovych
safk-. Experimentalni opylovani v ramci kv¥t-/Gboru nebylo provad¥no, tj.
ziskana data ukazuji pouze podil tzv. pasivni autogamie. Sa£ky byly na uborech
ponechany a° do zralosti naek, aby se zabranilo jejich 2i°eni z Uboru.

2. Soufasn¥ s na°kami z izolovanych ubor- byly sebrany na°ky z kontrolnich tbor-
(v p°ipad¥ jednoubornych druh- z jiného jedince). V blizkosti rostliny byly vedy
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dal?i rostliny stejného druhu, aby bylo umo®n¥no opyleni kontrolnich tbor-.

3. Porovnani zastoupeni plnych na®ek mezi soubory izolovanych a volnym sprazenim
vzniklych abor-.

U polyploidnich zastupc- byla testovana apomixie s mo°nosti odhaleni zbytkové
sexuality. Pro ka°dy druh byly idealn¥ testovany vedy dv¥ rostliny ze t°i populaci
(tj. celkem 6 rostlin), p°iEem° na ka°dé rostlin¥ byly vybrany t°i emaskulované a t°i
kontrolni Ubory. Pakli®e 2lo o druh s men2im po£tem ubor-, byly kontrolni tbory na
jiné rostlin¥ z té% populace.

1. Nahodn¥ vybrané zatim nerozkvetlé ubory byly kastrovany (Ubor byl kolmo ca v
dolni 1/3 délky se’iznut Ciletkou). Ubory byly zakryty mono lovymi safky, aby
se zabranilo 2i°eni zralych na®ek z uboru. Metodou kastrace ubor- byly ziskany
pouze na°ky vzniklé apomikticky.

2. Soufasn¥ s nakami z kastrovanych ubor- byly sebrany na°ky z kontrolnich
Ubor- (v p°ipad¥ jednoubornych druh- z jiného jedince). V blizkosti rostliny
byly vedy dal?i rostliny stejného druhu, aby bylo umo®n¥no opyleni kontrolnich
ubor-.

3. Bylo porovnani zastoupeni plnych na°ek mezi soubory emaskulovanych a kont-
rolnich Ubor-, v ramci jednoho druhu.

6.2.1 Statistika

P°i testu apomixie jsou soubory porovnavany jak Studentovym t-testem tak nepara-
metrickym Mann-Whitney U testem. | p°esto, °e data nemaji v°dy normalni rozd¥leni,
zda se byt t-test pro tuto analyzu dosti robustni. Ve2keré statistické analyzy byly
zpracovany statistickym balikem Statistika for Windows 6.0' (StatSoft 1984 2002) .

6.2.2 Posuzovani naek

Zastoupeni fertilnich naek se hodnotilo u ka°dého sebraného uboru. Fertilni na®ky
V¥t2iny rostlin jsou tmavé, nafouklé (obsahuji endosperm) a p°i lehkém tlaku prepara£ni
jehlou se nedaji promagknout (Obr. 6.1.). Naopak sterilni na®ky maji barvu sv¥tlou a ji°
p°i lehkém tlaku prepara£ni jehlou dojde k jejich promagknuti (neobsahuji endosperm,
Obr. 6.2). Jak tomu obvykle byva, je zde i skupina na®ek neur£itého postaveni. Ty
mayji sv¥tlej2i barvu a ke spravnému ur£eni jejich fertility musi byt preparovany. P°i
preparaci mohou nastat tyto situace:

25



6 Reproduk£ni zp-soby

1. Endosperm je nevyvinuty - na°ku hodnotime jako sterilni.
2. Endosperm je nedovyvinuty - na°ku hodnotime jako fertilni.

3. Endosperm je vy°rany - na®°ku hodnotime jako fertilni.

Obrazek 6.1: PIna na®ka druhuH. glaucum All.

6.3 Vysledky

Apomixie (respektive p°itomnost zbytkové sexuality) byla testovana u 18 polyploidnich
(2n = 27,36) druh- s celkovym mnao°stvim 425 dbor-. U v¥t2iny druh- oba testy
shodn¥ neprokazaly odliznosti mezi testovanymi skupinami kastrovanych a kontrolnich
Ubor-, nezavisle na ploidni Grovni. Vyjimkou byl pouze druhH. glaucum oba testy na

= 0.05 prokazaly rozdil (Tab. 6.1). Vzhledem k v¥t2imu mno®stvi dat v testovanych
souborechH. glaucumse tento vysledek zda byt prokazatelny. Celkem u 7 diploidnich
druh- (cytotyp-) podrodu Hieracium bylo izolaEnimi pokusy testovano zastoupeni
autogamie. U tém¥° v2ech druh- byly vZechny na®ky izolovanych Ubor- prazdné,
naopak v kontrolnich Uborech (s mo®°nosti opyleni) byla v¥tZina na®ek plnych. U druh-
H. gouanii, H. porrifolium a H. umbellatumvzniklo po izolaci n¥kolik (mén¥ ne® 0.3%)
plnych na®ek (Tab. 6.2).

Pouze jediny druh podroduChionoracium se poda’ilo analyzovat a £4ste£n¥ objasnit
jeho reproduk£ni mo°nosti. Tento druhHieracium guatemalensgrodukoval po izolaci
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Tabulka 6.1: Vysledky test- porovnavajici zastoupeni plnych na®ek mezi emaskulova-
nymi a kontrolnimi abory polyploidnich druh-. A) - Apomixie.

Druh t- test u-test Zpusob reprodukce
H. amplexicaule L. =-0.42,df =29, p=0.68 u =189.5 452, p > 0.05 A
H. bifidum Kit. t=-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. t=-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 =-1.15,df =15, p = 0,269 u=23595 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 na®ek v souborech izolovanych a kontrolnich

Ubor- diploidnich druh-. 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: Prazdna na®ka druhutH. glaucum All.

velké mnoCstvi na®ek. P°i porovnani mnao®sti plnych nafek po izolaci a na®ek vzniklych
volnym spré2enim, v2ak nebyl prokdzan rozdil (t = -1.44, d.f. = 17, p = 0.17).
Rostliny bylo velmi obti°né p¥stovat. Proto nebyla p°itomnost apomixie experimentaln¥
vylou£ena.

6.4 Diskuze

P°i srovnani percentuélniho zastoupeni plnych a prdzdnych na®ek u kastrovanych a
kontrolnich Ubor- se oba soubory dat vyznamn¥ lizily pouze WH. glaucum Tato roz-
dilnost vZak nedokumentuje zbytkovou sexualitu. Jak ukazaly pr-m¥ry porovnavanych
soubor-, k v¥t2i produkci pInych na®ek do?lo ve skupin¥ kastrovanych ubor-. Mo°nych
vysv¥tleni neni mnoho. Jednoduchd, a zarove- redlnd mao°nost je, °e energie p-vodn¥
sm¥rovana do tvorby kastraci odstran¥nych generativnich organ-, na2la uplatn¥ni p°i
tvorb¥ nalek. To, %e se u °adného ze studovanych apomiktickych druh- neprokazala
zbytkova sexualita, neni nijak p°ekvapivy vysledek, vzhledem k dosavadnim studiim
tohoto typu (Antennaria) nepohlavniho rozmnoCovani (Nogler 1984). Nogler popisuje
Uplnou eliminaci meiotického d¥leni za vzniku neredukované samifi gamety a auto-
nomni vznik endospermu (ktery vylufuje p°itomnost dvojitého opyleni). Navzdory
t¥mto fakt-m je dokumentovan, prozatim jediny, p°ipad zbytkové sexuality u n¥kolika
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druh- podrodu Hieracium (Bergman 1941). Reduk£ni d¥leni a vznik pylovych zrn
také podléha °ad¥ degenerativnich zm¥n zap°i£i-ujicich sterilitu pylu (Rosenberg 1927,
Gentche 1937, Gentche & Gustafsson 1940, Aparicio 1994). Pyl ve v¥t2in¥ p°ipad-
v-bec nevznika. Ojedin¥lost zbytkové sexuality také podporuje fakt, °e dosud nebyla
dokumentovana U£ast polyploidnich cytotyp- na hybridizaci. Vysledky experimental-
nich pokus- mohou byt zkresleny mnoha faktory £i metodickymi chybami. Samotna
2patn¥ provedend kastrace m-°e po2kodit generativni organy a sni°t po£et plnych
nalek v uboru. Velkym a 2patn¥ ovlivnitelnym Uskalim je sb¥r kontrolnich Ubor-. fasto
maly pofet soufasn¥ kvetoucich rostlin sni°uje pravd¥podobnost p°eletu opylovate
prav¥ mezi t¥mito rostlinami. Problematiku opylovani ovliv-uji i klimatické podminky,
kdy p°i chladném po£asi klesa aktivita opylovag: na minimum. Tyto faktory mohou
vyrazn¥ ovlivnit odhaleni, ji° tak skoro mytického jevu, zbytkové sexuality.

Autogamie je v podroduHieracium i v rodu Pilosella velmi vzacnym jevem. Ve2keré
dokumentované p°ipady se spi2e daji pova®ovat za poruchu autoinkompatibility ne® za
typickou autogamii, jak ji zndme u mnoha jinych druh-. Jedna se o tzv. mentor e ects ,

v p°ipad¥ podroduHieracium zatim prokazany zatim jen u n¥kolika druh-, v p°ipad¥
rodu Pilosella pak nap®. uP. lactucellaa P. o cinarum (Krahulcova & Krahulec
1999). Zjizt¥n byl ale i u rod- Helianthus (Desrochers & Rieseberg 1998Jaraxacum
(Menken et al. 1989, Tas & Van Dijk 1999) a druhuPaspalum notatun (Burton &
Hanna 1992). VWsv¥tleni n¥kolika (3) plnych na®ek u izolovanych tbom. recoderi,

H. porrifolium a H. umbellatum neni jasné, spi2e ne® o vysledek samosprazeni ale
m-%e jit o0 nahodné zane2eni ciziho pylu p°es net¥snosti v izolaEnim sa£ku. Pova®ovat
v2ak vznik t¥chto plnych na®ek za d-kaz autogamie by bylo vice ne® odva‘né.

Jediny testovany druh podroduChionoracium po izolaci ubor- prokazateln¥ produ-
koval pIné naky ve stejné mi°e jako p°i volném kveteni. Toto neuplatn¥ni allogamie
p°i pohledu na Obr. 6.3 neni tak z°ejmé. Odlehlé hodnoty poukazuji na to, °e n¥které
Ubory ve skupin¥ kontrolnich Ubor- opravdu produkovaly vice na®ek. Ostatni hodnoty,
shodné svym mnao°stvim plnych na®ek s izolovanymi kv¥ty, mohou byt d-sledkem
nep°itomnosti jinych kvetoucich jedinc:. Tento nep°imy naznak autogamie teoreticky
vylu£uje U£ast apomixie. Ta by nem¥la byt ovlivn¥na izolaEnimi pokusy a tak pro-
dukovat stejné mnao®stvi fertilnich naek v obou skupinach ubor-. Podobné vysledky
bez vyloufeni apomixie publikoval Beaman (1967 1968) u druhd. mexicanum a
Solle (1988) u druhuH. abscisum Solle (1988) soufasn¥ neprokazal autogamii u druhu
H. mexicanum
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Obrazek 6.3: Graf procentuelniho zastoupeni plnych naek v izolovanych a kontrolnich
Uborech druhuHieracium sp.
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/7 Velikost genomu

7.1 Uvod

Velikost genomu se stala v posledni dob¥ £asto pou®ivanym taxonomickym nastrojem.
'ir2i rozvoj studii zam¥°enych na velikost genomu Gzce souvisi s rozvojem metody
pr-tokové cytometrie, ktera se zafala v botanickych oborech pouCivat pof£atkem
80. let 20. stoleti (Galbraith et al. 1983, Sharma at al. 1983, Laurie & Bennett
1985). Velky rozmach této metody ale zapo£al a® o deset let pozd¥ji (Doleel et
al. 1994, Bennett & Leitch 1995, Bennett & Leitch 2005). Prvni Udaje o velikosti
jaderného genomu a jeho variabilit¥ u vy22ich rostlin v2ak pochazi ji° z poloviny 20.
stoleti (Swift 1950). P°ifiny a d-vody variability jsou vysv¥tlovany mnoha r-znymi
mechanizmy. Nejd°ive se p°edpokladalo, °e variabilita je generovana pouze jednosm¥rn¥
one way ticket to genome obesity , kde d-vodem r-stu je mechanizmus polyploidizace a
p°itomnosti retroelement- v genomu (Flavell et al. 1977, Barakat et al. 1997, Bennetzen
& Kellogg 1997). V souf£astnosti ji° vime, °e k r-stu £i poklesu p°ispiva i mnoho
jinych mechanizm-. Vysledné zm¥ny jsou pak hlavn¥ vysledkem rychlosti a pom¥ru
inserci/deleci (Petrov 2002), selekce transpozon- (Morgan 2001) a nestejnom¥rnych
rekombinaci (Wendel et al. 2002, Bennetzen et al. 2005).

Interpretace £asto pom¥rn¥ znagnych rozdil- ve velikosti genomu je zna£n¥ obti°na
a bez znalosti evolu£ni historie p°isluzné skupiny £asto a® nemao®nd. Studii zabyvajicich
se evoluci velikosti genomu ve fylogenetickém kontextu (rekonsrukce na zaklad¥
molekularnich dat) je ale zatim velmi malo (nap®. Albach & Greilhuber 2004, Price
et al. 2005, Weiss-Schneeweiss et al. 2006). ZnaEna pozornost byla v posledni dob¥
v¥novana velikosti jaderného genomu v polyploidnich komplexech. Da se °ici, %e
polyploidni zastupci maji ni°?i hodnoty velikosti genomu (1Cx) ne® diploidni. Tento
trend zvany downsizing se stal v souf£asnosti obechnym modelem (Keelogg & Benetzen
2004, Leitch & Bennett 2004). P°i£inou tohoto jevu jsou pravd¥podobn¥ vy2e zmin¥né
mechanizmy. Je v2ak dokumentovan i opa£ny jev, nap°®. u tetraploidniho cytotypu
druhu Orobanche transcaucasicgWeiss Schneeweiss et al. 2006). Auto®i vysv¥tluji
tento antagonismus teprve nedavnym vznikem zmin¥ného polyploidniho cytotypu.
Kratky £as nedovolil vyrazn¥j2i redukci genomu, hypotéza je podpo°®ena molekularnimi

31



7 Velikost genomu

daty. P°i snaze vysv¥tlit rozdily ve velikostech genomu jsou £asto testovany i korelace s
r-znymi ekologickymi a geogra ckymi faktory. Jsou dokumentovany korelace genomu s
nadmo°skou vy2kou u roduDactylis (Reeves et al. 1998)Berberis (Bottini et al. 2000),
Veronica (Albach & Greilhuber 2004) aCentaurea (Bancheva & Greilhuber 2006) £i

s kontinentalitou u rodu Cheirolopus (Garnatje et al. 2007) aCirsium (Bure? et al.
2004). Jasn¥j?i se zda byt korelace s reprodukEnimi mechanizmy £i ivotni strategii
(nap®. Albach & Greilhuber 2004). Auto®i zde dokumentuji prokazateln¥ ni°?i velikost
genomu jednoletych rostlin roduVeronica vzhledem k viceletym druh-m.

Vzhledem k tomu ©°e vnitrodruhova variabilita ve velikosti genomu je z°ejm¥ obecn¥
velmi mala (nap®. Murray 2005), m-°e byt také d-le®itym znakem pro vymezeni druh-.
Rozdily ve velikosti genomu u blizce p°ibuznych druh- pak umo®-uji rozpoznavat
kei°ence, kte°i maji hodnotu velikosti genomu mezi hodnotami rodi£ovskych druh-
(Buitendijk et al. 1997, Thalmann et al. 2000, Zonneveld 2001, 'i?ko et al. 2003, Bure?
et al. 2004, Baack et al. 2005, Zavesky et al. 2005, Suda et al. 2007).

Rod Hieracium s.l. se nem-°e py2nit mnoha zaznamy mapujicimi variabilitu velikosti
genomu (Brautigam & Brautigam 1996, Suda et al. 2007). Rozséahlej?i prace (Suda et
al. 2007) postihla variabilitu 24 hlavnich druh- vEetn¥ p¥ti hybridnich. Ob¥ tyto prace
se v2ak v¥nuji pouze rodwPilosella Zde studované skupiny jsou timto fenoménem
netknuty.

7.2 Metodika

Velikost genomu (2C) byla m¥°ena metodou pr-tokové cytometrie p°istrojem Partec
Cy ow vybavenym zelenym laserem (532 nm) jako excitatorem PI. Ve2kera data se
poda’ilo ziskat diky Laborato®i pr-tokové cytometrie Botanického Ustavu AV fR a
laborato®i Katedry botaniky P°irodov¥decké fakulty Univerzity Karlovy. Jako interni
standard pro diploidni cytotypy byla pou®ita Zea maysL. CE 777, 2C = 5.48 pg
(Lysak & Dole®el 1998) a pro polyploidni cytotypyPisum sativumL. Ctirad, 2C =
8.85 pg (Dole®el et al. 1994, Suda et al. 2007). P°ed samotnou analyzou byl ka°dy vzorek
podroben p°iprav¥ léty osv¥dEenou dvoufazovou metodou (Otto 1990): Pokud mo°no
mladé intaktni listy (cca 1 cn¥) byly nasekany spole£n¥ s odpovidajicim mno®stvim
standardu a 1 ml vychlazeného roztoku Otto | v malé plastové Petriho misce. Ost°i
%lletky poucité ke fragmentaci a vyplaveni jader do roztoku bylo pou®ito vedy jen
jednou. Ziskany roztok byl p°e Itrovan p°es 42m nylonovy Itr a centrifugovan

5 minut p°i 150 g. Odstran¥nim supernatantu a znovupromichanim peletu se 100
| roztoku Otto | byl roztok p°ipraven k analyze. Po 10 minutové inkuba£ni dob¥
byl vzorek obarven 1 ml Otto Il ve sm¥si s RNase IIA, Pl (oboji v koncentraci 50
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| mlt a -mercaptoetanolem v koncentraci 2 mlt.Po asi 5 minutové inkubagni
dob¥ byl vzorek podroben analyze pr-tokovou cytometrii. Konec m¥°eni byl ohranif£en
5000 analyzovanymi jadry. Hodnoty velikosti genomu (2C) byly ode£teny z gra ckého
vystupu, jako linearni zavislost mezi pikem standardu o znamé velikosti genomu a
pikem vzorku. V kone£né fazi byly hodnoty p°epo£teny ve vztahu k jednomu zvolenému
standardu Zea maysL. CE 777, 2C = 5.48 pg (Lysak & Dole®el, 1998). Kv:i
odstran¥ni p°ipadnych artefakt- byl ka°dy vzorek zm¥°en t°ikrat ve t°ech r-znych
dnech. Pokud chyba m¥°eni p°esahovala 2%, analyzy se opakovaly a°® do sni®eni
hodnoty pod tuto hranici.

7.2.1 Statistika

Vezkeré statistické analyzy byly zpracovany statistickym balikem Statistika for Win-
dows 6.0 (StatSoft 1984 2002) . P°i statistickém zpracovani vnitrodruhoveé variability
jsou populace druh- H. bupleuroides H. prenanthoides H. pannosum H. pilosum

a H. villosum posuzovany jako samostatné entity. Tuto separaci podpo°®ili hlavn¥
vysledky molekularni fylogeneze, kde ETS sekvence odhalily hybridni p-vod £i in-
trogresi u n¥kterych populaci druh-H. bupleuroides H. prenanthoides, H. pilosum
H. villosum; Fehrer et al. in prep.). Stejn¥ posuzovan byl i druliH. pannosum jeho®
dv¥ populace vykazovaly velkou vnitrodruhovou variabilitu velikosti genomu a zarove-
byly zastoupeny odliZnymi cytotypy. Tyto samostatné skupiny jsou v ramci druhu
oznafeny jako I. a Il. (Tab. 7.2).

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

2. V dal?im kroku bylo testovano jak velikost genomu koresponduje s hlavnimi lini-
emi (pracovn¥ nazvanymi vychodni (E) a zapadni (W)) rozlizenymi na zaklad¥
molekularni fylogeneze a zda na zaklad¥ sekvenci ETS hybridni/hybridogenni
druhy mezi zapadni a vychodni skupinou (Fehrer et al. in prep.) maji také
také velikost genomu odpovidajici tomuto intermediarnimu postaveni. Populace,
klasi kované jako hybridogenni/hybridni mezi ji° zmin¥nymi hlavnimi liniemi,
byly rozd¥leny do t°ech skupin dle jejich p°ibuznosti (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 v¥t2i anitu k zapadni linii (X(W)), 3) hybridogenni/hybridni druhy
majici typem ETS bazi v¥t2i a nitu k vychodni linii (X(W)). Rozdily mezi
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7 Velikost genomu

takto de novanymi skupinami byly porovnavany analyzou variance (ANOVA) a
nasledn¥ Sche €ho testem. Testy byly provad¥ny ve dvou variantach, lizicich se
za’®azenim/vylouf£enim druhuH. transylvanicum, ktery ma svymi vilastnostmi
dosti vysostné postaveni. Jeho ETS typ sekvence ho °adi do z&padni skupiny.
Velikosti genomu a svym arealem vyskytu v2ak spi2e prokazateln¥ spada do
vychodni linie.

3. Pro vyjad°eni korelaci mezi velikosti genomu (1Cx), chromozomovym £islem (2n
=18, 27, 36) a reproduk£ni strategii (sexual, apomikt) bylo pouito Spearmanova
neparametrického korelaEniho koe cientu (r). P°i hledani korelaci mezi velikosti
genomu a zem¥pisnou délkou, zem¥pisnou 2i°kou £i nadmo°skou vy2kou bylo op¥t
pouCito Spearmanova korelaEniho koe cientu. Korelace se zem¥pisnou délkou byly
testovany se vZemi studovanymi druhy (bez znalosti molekularni fylogeneze) a
nasledn¥ pak pouze s druhy (populacemi) podrobenymi molekularnim analyzam.
Oba tyto p°istupy byly také modi kovany absenci druh- se 2irokym arealem
(H. bidum, H. lachenalii, H. laevigatum H. murorum a H. umbellatum).

7.3 Vysledky

Aby mohly byt vystupy z cytometrické analyzy pouCity k dal?i interpretaci je nutna

co nejni°?i chyba m¥°eni vyjad°ena hodnotou CV. Tato hodnota se u pik- vzork-
pohybovala v rozmezi 0.83 a° 5.76% s pr-m¥rem 2.23%, hodnota pik- standardu
se pohybovala v rozmezi 0.97 a°® 5.0% s pr-m¥rem 2.14% (Tab. 7.1). Hodnoty piku
standardu Pisum sativum byly ve v¥t2in¥ p°ipad- ni°?i ne® hodnoty standardu Zea
mays

7.3.1 Genom podrod- Hieracium a Chionoracium

V této praci byly zji2t¥ny velikosti genomu u 238 rostlin z 92 populaci, pat®icich
43 druh-m rodu Hieracium s. str. (populace hodnocené jako samostatné celky zde
nejsou brany v tvahu) a 3 druh-m rodu Chionoracium (Tab. 7.2). Mezi podrody

je statisticky vyznamny rozdily (t = - 15.1405, d.f. = 236, p < 0.001), pr-m¥rnou
hodnota 1Cx je 3.86 pg pro podrodHieracium a 4.89 pg pro podrodChionoracium
(Obr. 7.1). V ramci podrodu Hieracium se holoploidni velikost genomu (2C) pohybuje
v rozmezi od 7.03 pg u diploidniho druhtH. 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 uH. virosum (Obr. 7.4). 1Cx hodnota je nejEast¥ji
zastoupena v rozmezi 3.5 3.6 pg (Obr. 7.5). V ramci diploidnich druh- (cytotyp- u
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Tabulka 7.1: Pr-m¥rné 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 Pangic¢ 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 1,65-2,25
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 Jacq. 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.
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Obrazek 7.2: Histogram 2C hodnot velikosti genomu podroddieracium.

36



7 Velikost genomu

250
1
200 |
5
3] 2
2 150
G
S 100}
£
>
Z
50|

o

0 200 400 600 800 1000
Relative fluorescence

Obrazek 7.3: Vystup z cytometrické analyzy zaznamenavajici nejmenzi nalezeny genom
(Cx) diploidniho druhu H. stelligerum Pom¥r piku standardu (1) v-£i piku vzorku
(2) je 1.294. CV vzorku - 1.97 a CV standardu4ea may9 - 1.66.
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Obrazek 7.4: Vystup z cytometrické analyzy zaznamenavajici nejv¥t2i nalezeny genom
(Cx) triploidniho druhu H. virosum. Pom¥r piku standardu (1) v-£i piku vzorku (2)
je 1.432. CV vzorku - 1.96 a CV standarduRisum sativum) - 1.83
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Obrazek 7.5: Histogram Cx hodnot velikosti genomu podroddieracium.

multiploidnich druh-) se hodnoty 1Cx pohybuji v rozmezi od 3.51 pg HH. stelligerum
po 4.29 pg uH. plumulosum(s pr-m¥rem 3.92 pg), u triploidnich zastupc- (cytotyp-)
v rozmezi od 3.53 pg H. bidum do 4.35 pg uH. virosum (s pr-m¥rem 3.81 pg),
u tetraploidnich druh- (cytotypy) v rozmezi od 3.56 pg uH. humile do 4.17 pg
u H. pannosumll. (s pr-m¥rem 3.79 pg). Analyza variance prokazala signi kantni
rozdily 1Cx mezi v2emi druhy (Fs7173= 179.72, p < 0.001). Sche ého test odd¥lil na
hladin¥ ( = 0.01) 15 skupin (Tab. 7.2). Prokazatelné byly i rozdily v rdmci ploidnich
arovni 2x (Fig, g2= 576.75, p < 0.001), 3x (R0 74= 69.58, p < 0.001) a 4x (F, 10=
149.03, p < 0.001). U podroduChionoracium (dokumentovany jen diploidni druhy) se
hodnoty 2C pohybuji v rozmezi od 9.24 pg Hieracium guatemalensesp. po 10.14 pg
u Hieracium sp. (pr-m¥r 9.78 pg).

7.3.2 Vnitrodruhova variabilita

Vnitrodruhova variabilita byla hodnocena u 41 druh- podroduHieracium (v2echny
druhy s vyjimkou H. petrovaea H. plumulosumkde byla m¥°ena v°dy pouze jedna
rostlina) a 3 druh- podrodu Chionoracium. Pr-m¥rné 2C hodnoty se st°edni chy-
bou, krajnimi hodnotami, 1Cx hodnotami pro druhy i populace a vnitropopulaEni
variabilitou jsou shrnuty v tabulce 7.2 Variabilita 1Cx se pohybovala v rozmezi od
0.24 % uH. gymnocephaluma H. heterogynumpo 7.2 % uH. pannosum Zvolenou
hranici vnitrodruhové variability 3.5 % (Suda et al. 2007) p°ekro£ilo 7 druh- (.
amplexicaule, H. bupleuroidedH. laevigatum H. pannosum H. pictum, H. piliferum
a H. prenanthoideg. Pokud v2ak posuzujeme jednotlivé populacél. bupleuroides

38



7 Velikost genomu

Tabulka 7.2: Tabulka velikosti genomu.
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H. prenanthoidesa H. pannosumsamostatn¥ (vzhledem k vysledk-m molekularnich
analyz, které spi2e ukazuji na mo°nost introgrese a morfologickym odliznostem) jejich
vnitrodruhova variabilita nep°ekrafuje 3.5% (viz metodika). Vnitrodruhova variabilita
podrodu Chionoracium dosahuje u druh- Hieracium sp. 1.4 %,H. guatemalense
0.57 % aH. scabrum0.31 %.

7.3.3 Korelace velikosti genomu s molekularni fylogenezi

P°i hledani p°ipadnych souvislosti s vysledky molekularni fylogeneze (ETS sekvenci)
(Fehrer et al. in prep.) byly pouCity jen populace zahrnuté v molekularnich analyzach
(tab. 7.2). Fylogeneticka rekonstrukce rozd¥lila jest°abniky podrodHieracium do
dvou hlavnich linii £aste£n¥ odpovidajicich jejich geogra ckému rozzi°eni (Obr. 7.6).

Obrazek 7.6: Fylogeneticky strom na bazi ETS bazi (Fehrer et al.)
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15 populaci t°inacti druh- (dv¥ populaceH. humile a H. prenanthoidesl.) spadaji-
cich do zapadni linie mé& holoploidni velikosti genomu (2C) v rozsahu od 7.03 pg u
diploidniho H. stelligerum do 14.25 u tetraploidniho zastupcéd. humile. Monoploidni
velikost se pohybuje v rozmezi 3.51 pgH. stelligerum a® 4.28 pg uH. transylvanicum
Po vylouEeni druhuH. transylvanicum (viz kapitola 7.2.1) se jako hrani£ni ukazala
populaceH. tomentosums 3.57 pg. Do druhé linie, pracovn¥ nazvané vychodni , spada
14 populaci t°inécti druh- (dv¥ populaceH. villosum), s rozsahem 2C hodnot od
7.78 pg u diploidnihoH. porrifolium po 15.71 pg u tetraploidniho druhuH. villosum.
Monoploidni velikost genomu se u této skupiny pohybuje v rozmezi od 3.63 pg u
H. naegelianumdo 4.35 pg uH. virosum. Rozdily mezi t¥mito skupinami se ukazaly
jako statisticky signi kantni jak p°i za°azeni H. transylvanicumdo zapadni skupiny (t
=-5.34, d.f. =27, p < 0.001), tak po jeho vy°azeni z této skupiny (t = -7.55, d.f. = 26,

p < 0.001). Po p°idani t°eti skupiny druh- (populaci) do analyzy, vyhodnocené ETS
daty jako hybridogenni mezi dv¥mi hlavnimi liniemi (vychodni a zapadni), se rozdily
ukazaly stéle jako signi kantni = 0.01 (F = 17.96, d.f. =44, p <0.001) i po vy°azeni
H. transylvanicum (F = 27.82, d.f. = 43, p < 0.001). Sche ého test v2ak odd¥lil na
hladin¥ = 0.05 pouze 2 skupiny, prvni samostatna zapadni linie a druh&a obsahujici
vychodni linii i hybridogenni skupinu. Po roz£len¥ni hybridogennich populaci do t°i
skupin (X (W), X, X (E)), analyza variance prokazala signi kantni rozdily jak s H.
transylvanicum (F = 16.75, d.f. =42, p < 0.001), tak i bez n¥j (F= 29.13, d.f. =41, p

< 0.001) (Obr. 7.7). Sche ého test odd¥lil, p°i za®azern. transylvanicum do analyzy,

Obrazek 7.7: Porovnani velikosti genomu (1Cx) skupin podroddieracium odd¥lenych
molekularni fylogenezi (beH. transylvanicum).

ale jen dv¥ skupiny ( = 0.05). Do prvni spada zapadni (W) a ji blizce p°ibuzna
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X(W), do druhé pat®i vychodni, ji p°ibuzna X(E) a hybridogenni (X).

7.3.4 Korelace velikosti genomu s ploidii, reprodukni strategii
a ekologickymi faktory

Monoploidni velikost genomu (1Cx) diploidnich rostlin je statisticky vyznamn¥ odli2na
od velikosti genomu u triploid- (t = 2.6, d.f. = 201, p = 0.009) a tetraploid- (t = 2.05,
d.f. = 114, p = 0.042). Rozdily mezi polyploidnimi cytotypy ale ji° pr-kazné nejsou.
P°esto je na grafu (Obr. 7.8) patrny trend poklesu velikosti genomu s rostouci ploidii

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

(genome downsizing). PouCiti neparametrického korelaEniho testu tato data podpo°ilo
(r =-0.185, p = 0.06). 1Cx, vzta®ena k p°evalujicimu reprodukEnimu mechanizmu
(2x jsou povaovany za sexualn¥ se mno®ici druhy a 2x a 4x za apomikty), ukazala
signi kantni rozdily (t = 2.97, d.f. = 219, p = 0.003) (Obr. 7.9). Pr-m¥ry 3.92 pg (2x)

a 3.82 pg (3x, 4x) uzce koresponduji s pr-m¥ry ploidnich drovni.

P°i pokusech nalézt korelace velikosti genomu s faktory prost°edi se jako nejd-v¥ry-
hodn¥j2i ukazala zem¥pisna délka (r = 0.45, p < 0.0001). Po vylou£eni druh- s velkym
arealem (kde vyznamn¥ zale®i na mist¥ sb¥ru vzork-)H. bi dum, H. lachenali,

H. laevigatum H. murorum, H. sabauduma H. umbellatum), se sila korelace je2t¥
zvy?ila (r = 0.52, p < 0.0001). Pokud byly brany v Gvahu vysledky fylogenetické
rekonstrukce na zaklad¥ sekvenci ETS a do korelaEni analyzy za®azeny jen populace
pouité v molekularnich analyzach, sila zavislosti znovu vzrostla (r = 0.619, p <
0.001). Po odebréni ji° zmin¥nych druh- s velkym arealem a druhHl. transylvanicum
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Obrazek 7.9: Porovnani velikosti genomu (Cx) mezi skupinami s odli2nymi reproduke-
nimi mo°nostmi.

do2lo k op¥tovnému navy2eni korelaEniho koe cientu (r = 0.647, p < 0.001). Tato
posloupnost poukazuje na to, °e spi2e ne® geogra cka poloha jednotlivych druh-,
primarn¥ koresponduje velikost genomu s vyvojovymi vztahy (r = 0.647, p < 0.001).
S§adné korelace 1Cx se zem¥pisnou 2i°kou (r = 0.12, p = 0.28) £i nadmo°skou vy2kou
(r =-0.27, p = 0,012) nebyla prokazana.

7.4 Diskuze

7.4.1 Variabilita velikosti genomu rodu  Hieracium

V této préaci jsou poprvé zve°ejn¥ny hodnoty velikosti genomu u podrodHieracium
a Chionoracium. Velikosti genomu u blizce p°ibuzného rodRilosella se ji° d°ive
zabyvali Brautigam & Brautigam (1996), soubornou studii pak publikovali Suda et
al. (2007). V2echny t°i skupiny se p°i x = 9 svymi 2C hodnotami p°ekryvaji. V22
cytotypova variabilita podrodu Pilosella (2x - 8x), v kontrastu s men2im zastoupenim
vy2?ich cytotypovych arovni podrodu Hieracium (2x - 5x) a Chionoracium (2x), tento
jev rozumn¥ vysv¥tluje. Monoploidni velikosti (1Cx) se ji° nep°ekryvaji, a tak tyto
podrody vyrazn¥ odd¥luji. Cx hodnoty skupinyPilosella (Suda et al. 2007) jsou
ni°2i, intermediarni pozici ma skupinaHieracium a nejvy22ich hodnot (ji° ne tolik
odliznych) dosahuje skupinaChionoracium (Tab. 7.3). Vyrazn¥ men?i rozdily Cx
mezi Hieracium Chionoracium ne° meziPilosella Hieracium poukazuji na bli®?
vyvojové vztahy podrod- Hieracium a Chionoracium. Tato informace koresponduje
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Tabulka 7.3: Porovnani genom- podrod- rodu Hieracium .

s vysledky prace rekonstruujici evoluEni vztahy t¥chto podrod- pomoci ITS a ETS
sekvenci jaderné DNAHieracium a Chionoracium tu tvo°i samostatnou vyvojovou
linii v-£i linii zahrnujici rod Pilosella (Fehrer et al. 2007). Odli2n& velikost genomu
Gzce souvisi s velikosti chromozém-. Chromozonitieracium s. str. jsou vyrazn¥ v¥t2i
ne® chromozémy zastupc- roduPilosella co® m-%e byt zp-sobené nahromad¥nim
repetetivnich sekvenci. K poznani genomu roddieracium v2ak chybi stale mnoho.

7.4.2 Vnitrodruhova variabilita

U v¥t2iny druh- zahrnutych v této praci, je vnitrodruhova variabilita velmi nizka
(nap®. H. alpinum 0.76%,H. cerinthoides 0.56%). Stanovenou hranici 3.5% p°ekro-
£ilo jen sedm hlavnich druh- - H. piliferum (3.89%), H. amplexicaule (3.95%),
H. bupleuroides(4.2%), H. laevigatum (4.28%), H. pictum (5.14%), H. prenanthoides
(7.02%) aH. pannosum (7.2%). Zde je na mist¥ zamyslet se, £im mohou byt tyto
oscilace zap®i£in¥ny. 'patna interpretace m-%e byt zp-sobena taxonomickou koncepci
konceptem druhu, jeho ohrani£Eenim, morfologickou slo®itosti £i pouze 2patnou znalosti
morfologické variability. Samotna vysoka hodnota je nam tedy napov¥dou a je t°eba
prov¥°it, zda ndmi hodnoceny druh nezahrnuje taxonomicky odli2né entity (Greilhuber
& Speta 1985, Murray 2005). Tak tomu je i v p°ipad¥ podrodidieracium, data
ziskdna z ETS sekvenci (Fehrer et al. in prep.) ukazuji hybridni/hybridogenni p-vod
také u druhu H. laevigatum H. amplexicaulea H. piliferum, £im°® m-°e byt vysoka
vnitrodruhova variabilita £aste£n¥ vysv¥tlena (jednotlivé populace mohly vznikat
nezavisle na sob¥). Podobn¥ u druhH. prenanthoides, H. bupleuroides, H. pilosura
H. villosum molekularni fylogeneze odhalila mo®nost polytopniho vzniku. Konkrétn¥ u
H. prenanthoidesmolekularni analyza ukazala odlizny p-vod u ka°dé ze t°i populaci,
p°iEemP jedinec p-vodem z Andory vykazuje vlastnosti hybrida mezi Z a V linii (viz
fylogeneze). Po rozd¥leni populaci do samostatn¥ vystupujicich skupin se variabilita
u prvni snila na 1.96% a u druhé na 0.24 %. Tento druh je také jediny u kterého
byla variabilita prokazana p°i spole£né analyze odliznych populatf. amplexicaule
(Obr. 7.10). Kone£n¥ samotna p°itomnost vice cytotyp- tH. amplexicaule3x/4x, H.
prenanthoides2x/3x a H. pannosum3x/4x poukazuje na jejich mo°ny mnohonésobny
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7 Velikost genomu

Obrazek 7.10: Vystup z cytometrické analyzy dvou odli2nych popula¢i. amplexicaule
potvrzujici nalezenou vnitrodruhovou variabilitu.

vznik, jako p-vodce vnitrodruhové variability. P°i£inou vysoké vnitrodruhové variabi-
lity H. pictum je prokazateln¥ artefakt. Toto rozhodnuti podporuje i fakt, °e variabilita
byla nalezena uvnit® populace o dvou rostlinach. Tyto argumenty ve vysledku ukazuji,
% u rodu Hieracium s. str. nebyl odhalen jasny doklad vnitrodruhové variability
nehybridogennich druh-. V praci zabyvajici se rodenPilosella (Suda et al. 2007)
takte® nebyla dokumentovana vnitrodruhova variabilita hlavnich druh- v¥t2i ne®
3.5%. Tuto hranici p°esahly jen t°i druhy hybridniho/hybridogenniho p-vodu, z nich®
rostliny jednoho z nich byly vysledkem experimentalniho k°i°eni. Je také dokumento-
vano mnoho p°ipad-, kde je variabilita vysv¥tlena jako odraz metodickych chyb m¥°eni
£i p°itomnosti sekundarnich metabolit- (Greilhuber 1998). Podobn¥ byla variabilita
prokdzana mezi izolovanymi populacemi druhoeleria macranta var. majori ora
(Pecinka et al. 2006) nebo mezi izolovanymi evropskymi populace®esleria albicans
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Zde v2ak mezipopula£ni variabilita dosahovala jen 1.6 % (Lysék et al. 2000).

7.4.3 Genom, ploidie a reprodukEni mechanizmy

Diploidni druhy/cytotypy multiploidnich druh- maji signi kantn¥ men2i monoploidni
velikost genomu (Cx) ne® polyploidni druhy/cytotypy multiploidnich druh-. Poly-
ploidni druhy mezi sebou ale ji° nevykazuji jasné rozdily, p°esto je zde patrny pokles
Cx hodnoty s rostouci ploidni Urovni. Tento obecny jev zvany downsizing je znamy
u mnoha rod- krytosemennych rostlin (Kellogg & Bennetzen 2004, Leitch & Bennett
2004, Weiss-Schneeweiss et al. 2006). Data také ukazuji na vy?23i stabilitu velikosti
genomu autopolyploidnich druh- v kontrastu s prokazateln¥ allopolyploidn¥ mno-
honasobn¥ vzniklymi druhy. Porovnanim cytotyp- v rdmci této prace studovanych
multiploidnich druh- tento jev ale nebyl potvrzen. Vysledky jsou v2ak dosti zpochybni-
telné kv:li malému po£tu m¥°enych jedinc-. Podobny jev je v ramci £eled¥ Asteraceae
také dokumentovan u roduCentaureas.l. (Bancheva & Greilhuber 2006) nebo u £eled¥
OrobanchaceagWeiss-Schneeweiss et al. 2006).

| kdy® se rozdily mezi sexualn¥ se mnoCicimi druhy a apomikty ukazaly jako
statisticky vyznamné, da se p°edpokladat, °e tyto vysledky pouze kopiruji vztah
ploidniho stupn¥ a velikosti genomu. Prvni sexualn¥ se mno®ici skupina koreluje
s diploidnimi druhy. Ty jsou dob°e odli2ené od polyploidnich druh-, stejn¥ jako
sexualn¥ se mnoCici druhy od apomikt-. P°esto zde jista zavislost m-°e byt. Nap°®. u
rodu Veronica byla GLS metodou prokadzana korelace velikosti genomu a autogamie
(Albach & Greilhuber 2004). Podobné zav¥ry byly ufin¥ny i u rodéllium (Labani
& Elkingston 1987) £i ve studii mapujici reprodukEni mechanizmy 175 druh- rostlin
(Govindaraju & Cullis 1991).

7.4.4 Velikost genomu ve vztahu k ekogeogra ckym faktor-m

Zda je variabilita velikosti genomu jen odezvou fylogenetickych vztah-, nahodnych
genovych posun- nebo n¥jakym zp-sobem souvisi s faktory vn¥j2iho prost°edi, uka-
zaly p°edevzim korelaEni analyzy s ekogeogra ckymi faktory. Ty v2ak byvaji £asto
hodnoceny jako dosti nejasné a zpochybnitelné.

Signi kantn¥ pozitivni korelace se ukazala ve vztahu Cx hodnoty k zem¥pisné délce.
Tento vysledek byl podpo°en vyjmutim druh- s aredlem zasahujicim do celé Evropy.
Tyto druhy vyrazn¥ ovliv—ovaly vysledek statistiky lokalitou sb¥ru. Pravd¥podobn¥ je
tato korelace spi2e odrazem vyvojovych vztah- ne® geogra cké polohy jako vn¥j?iho
faktoru. Naopak negativni korelace byla nalezena s nejvychodn¥j2i hranici rozzi°eni
druh- rodu Cirsium, kde nejvychodn¥ji polo®ené druhy m¥ly nejmen2i genom (Bure?2
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et al. 2004). Vztah s vychodni hranici rozzi°eni ma jist¥ v¥t2i vypov¥dni hodnotu ne°
korelace se zem¥pisnou délkou v mist¥ sb¥ru. Ta je v2ak u rodieracium prakticky
neaplikovatelna. U v¥t?iny druh- tohoto taxonomicky slo®itého rodu toti® nejsou
znamé p°esné hranice rozzi°eni. Vnitrodruhova korelace genomu s geogra ckou polohou
byla nalezena i uvnit® n¥kolika druh- rodu Koeleria z fech a Slovenska (Pecinka et al.
2006). Sadny vztah se zem¥pisnou délkou nebyl prokazarSesleria albicangLysak
et al. 2000). Korelace velikosti genomu ve vztahu k zem¥pisné 2i°ce se u podrodu
Hieracium neprokazala. Negativni korelace byla dokumentovana u druheestuca
arundinacea (Ceccarelli et al. 1992). Sadny vztah nebyl odhalen u druhactylis
glomerata (Creber et al. 1994). Nejasny trend t¥chto korelaci poukazuje spi2e na
individudlni zavislosti £i dokonce artefakty.

V posledni dob¥ je £asto diskutovan vztah velikosti genomu a nadmo°ské vy2ky. Tato
zavislost u podroduHieracium nebyla prokazana, stejn¥ jako u rod Cirsium (Bure? et
al. 2004), Artemisia a Tripleurospermum (Garcia et al. 2004, 2005). Nepr-kazna nebo
negativni korelace je dokumentovana i u druhDactilis glomerata (Vilhar et al. 2002)
£i Vicia faba (Ceccarelli et al. 1994). V p°ipad¥ podrodiieracium by byl potencialni
korelaEni vztah vyrazn¥ zkresleny samotnym vyb¥rem lokalit sb¥ru. Obzvl&2t¥ siln¥ by
p-sobily druhy vyskytujici se od ni°in a° do hor. V na2em p°ipad¥ se jedna nap°iklad
o H. bi dum, jeho® populace jsou sebrany v rozmezi nadmo°skeé vy2ky 245 1350 m.
Existuji v2ak prace dokumentujici pozitivni korelace velikosti genomu s nadmo°skou
vy2kou, nap®. u rodu Centaureas.str. (Bancheva & Greilhuber 2006).

7.4.5 Velikost genomu a fylogeneze

Dv¥ hlavni skupiny druh- nazvané zapadni a vychodni, odd¥lené molekularni
fylogenezi, siln¥ koresponduji s distribuci velikosti genomu. Ob¥ linie obsahuji v2zechny
zde dokumentované cytotypy. Podobné skupiny, s nemén¥ signi kantnimi rozdily, jsou
snadno konstruovatelné na zaklad¥ jejich geogra cké polohy. K tomu p°ispivaji hlavn¥
endemické £i geogra cky dob°e vymezené druhy. Za takové druhy m-°eme oznafit
nap°iklad H. stelligerum druhy sekceCerinthoidea spadajici geogra cky do zapadni
skupiny nebo druhy vychodni skupinyH. kittaniae, H. petrovae a H. eriophorum.
Proto®e fylogeneticka rekonstrukce nedokézala p°ibli®it vztahy mezi ploidnimi stupni
v ramci druhu, byly cytotypy jednoho druhu posuzovany jako celek.

Velkou vyjimku z celého souboru dat tvo°i druhH. transylvanicum ETS i ITS
sekvence tento druh °adi do zapadni skupiny. Svym rozzi°enim, vazanym hlavn¥
na rumunska a ukrajinska poho°i (vyskyt v zdpadni Evrop¥ neni dokumentovan), a
vyrazn¥ v¥t2i velikosti genomu spada do vychodni skupiny. Toto unikatni postaveni
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m-%e byt vysv¥tleno dv¥ma zp-soby (Fehrer et al. in prep.). Druh je vychodniho
p-vodu, jak tomu nasv¥d£uje jeho soufasné rozzi°eni a velikost genomu, p°ifem?°
jeho zapadni postaveni vysv¥tluje £asov¥ velmi vzdalena introgrese s druhem zapadni
linie a ndsledna homogenizace (concerted evolution) sekvenci sm¥rem k z4padnimu
typu. Druhé vysv¥tleni p°edpoklada zapadni p-vod druhuH. transylvanicum Po
zatlaEeni druhu v dob¥ ledové p°e®il druh jen ve vychodnim glacialnim refugiu, k jeho
znovu?i°eni tak do2lo pouze do vychodni £asti Evropy. Velikost genomu by v tomto
p°ipad¥ byla vazana spi2e na jeho polohu ne® na evolu£ni vztahy. Za p°edpokladu, °e
velikost genomu spi2e koresponduje s evoluEnimi vztahy ne® s geogra ckou polohou
(viz p°edchozi kapitola), se prvni vysv¥tleni zda pravd¥podobn¥j2i. Dal?im podobnym
p°ipadem, nepodpo’enym ji° tolik velikosti genomu, jél. eriophorum. Tento druh

je ETS daty °azen do vychodni linie, a p°itom je lokalnim endemitem francouzského
atlantického pob°e®i. P°ifina je pravd¥podobn¥ v tom, °l. eriophorum je evoluEn¥
pom¥rn¥ mladym derivatem druhuH. umbellatum (kterému je podle molekularni
fylogeneze velmi blizce p°ibuzné), vzniklym pravd¥podobn¥ adaptaci na piseEné duny
podél mo°ského pob°e®i (polehava lodyha apod.).

N¥které druhy (H. amplexicaule, H. bracteolatum, H. caesium, H. glaucum, H. goua-
nii, H. gymnocephalum, H. heterogynum, H. laevigatum, H. olympicum, H. plumulosum,
H. prenanthoides, H. racemosum a H. sabaudynii n¥které populace ifl. pilosum a
H. villosum), klasi kované jako druhy hlavni (Zahn 1921-1923), byly molekularni
analyzou ozna£eny za druhy hybridogenniho p-vodu mezi vychodni a zapadni linii
(Fehrer et al. in prep.). Nepotvrdil se v2ak p°edpoklad, °e hybridogenni/hybridni
druhy budou mit Cx hodnotu v rozmezi pr-m¥r- obou hlavnich linii, tak jako tomu
bylo i u hybridogennich jedinc- podrodu Pilosella (Suda et al. 2007). P°i porovnani
t¥chto p¥ti skupin m¥la intermediarni hybridogenni skupina bli°e k vychodni linii a
byla signi kantn¥ odlizna od zapadni linie. Zarove- svou pr-m¥rnou Cx hodnotou
p°evy2ovala, spolu se skupinou p°ibuzn¥j?i svymi ETS bazemi k vychodni linii, pr--
m¥ry obou hlavnich linii (Obr. 7.7). Tento jev m-°e byt vysv¥tlen vyhynutim rodi£-
t¥chto hybrid- s genomem p°evy2ujicim své potomky. Mo°na je i situace neza®azeni
rodifovskych druh- do analyz. Tato p°edstava je mo°na za p°edpokladu, °e jsou
rodi£ovské druhy klasi kovany jako druhy vedlej?i . Alternativni vysv¥tleni tohoto
jevu je prosté navy2eni genomu hybridnich/hybridogennich jedinc- prost°ednictvim
mnoCicich se retrotransposon-. Stejny p°ipad je dokumentovan u roddelianthus
kde do2lo k navy2eni genomu u hybridnich druh- skoro o 50% (Baack et al. 2005).
Statistické analyzy také ukazaly velkou blizkost hybridogenni/hybridni skupiny s
dominanci ETS bazi zapadni skupiny . amplexicaule, H. caesium, H. gouani,
H. lachenalii a H. prenanthoideg k samotné zapadni linii. Zarove- byla signi kantn¥
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odlizna od intermediarni skupiny. Uzky vztah poskytuje prostor pro Gvahu o zp¥tn¥m
k°i®eni a xaci apomixie.

52



8 ZAav¥r

1. Patern rozmist¥ni cytotyp- hlavnich druh- podrodu Hieracium odpovida
model-m postglacialniho 2i°eni. Polyploidni jedinci jsou konkuren£n¥ schopn¥j2i
a jsou schopny rychleji obsadit volné niky. Diploidni druhy jsou koncentrovany
p°eva’n¥ do hypotetickych glacialnich refugii. Vyjimku zde tvo°i jen diploidni
cytotyp H. umbellatum U druh- podrodu Chionoracium nebyly zji2t¥ny jiné
ne® diploidni chromozdmové pocLty.

2. U polyploidnich cytotyp- nebyla prokazana p°itomnost zbytkové sexuality. Di-
ploidni cytotypy podrodu Hieracium se 2i°i sexudlni allogamickou cestou. P°i-
tomnost autogamie nebyla prokazana. Sexualn¥ se mnoCici zastupci podrodu
Chionoracium vykazuji vysoky podil autogamie.

3. Hodnoty velikosti genomu siln¥ koreluji s evoluEnimi vztahy rekonstruovanymi
pomoci molekularni fylogeneze, s vyjimkou druhtl. transylvanicum. Ta rozd¥-
lila druhy do dvou hlavnich vyvojovych linii, signi kantn¥ odliznych velikosti
genomu. N¥které druhy klasi kované molekularni fylogenezi jako hybridogenni
mezi dv¥ma hlavnimi vyvojovymi liniemi maji v¥t2i velikost genomu (Cx) ne°
zastupci obou rodi£ovskych linii. Nalezena vnitrodruhova variabilita je vysv¥tlo-
vana p°itomnosti rostlin hybridogenniho p-vodu £i mnohonasobnym vznikem
polyploidnich cytotyp-. Oba studované podrody Hieracium a Chionoracium)
jsou monoploidni velikosti genomu (Cx) napadn¥ odli2né.
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Abstract: Chromosome numbers and /or ploidy levels are reported for 44 species and subspdizemsadim

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 dfl. boccone(2n ~ 4x),H. bupleuroidesubsplevicepg2n = 27),H. caesioides
subspcaesioide$2n = 27),H. basifolium(H. caesiumagg., 2n = 36)H. plumbeun{H. caesiunagg., 2n = 36),

H. glaucumsubspnipholepium(2n = 27),H. gouanii(2n = 18),H. gymnocerinth¢2n = 27),H. ramondii(2n =

27), H. recoderi(2n = 18),H. stelligerum(2n = 18), and H. tomentosun{2n = 18, 2n ~ 2x, 2n ~ 3x) were
determined for the first time. New ploidy levels are reportedHocerinthoidess.str. (2n = 27)H. humile(2n =

36), andH. tommasinianunf2n = 27).

Keywords: CompositagEurope, Flow cytometry, Polyploidy

INTRODUCTION

HieraciumL. subgenHieracium(Hieraciums.str.) is one of largest and taxonomically
most difficult groups of thé\steraceaelt 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 ZealaH@racium 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, GHRTEK 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. MRXMULLER 1975, GHRTEK 1996, £HUHWERK & L IPPERT1998, MRAZ
2003b, M.ADIMIROV 2003, MLADIMIROV & SZEL¥G 2006, ASTRO et al. 2007, SEL¥G et
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al. 2007). Recently, hexaploids (2n = 54) and heptaploids (2n = 63) were folidriamcium
virosumPALL . (PULKINA & TUPITSYNA 2000).

Until now all examined diploid species are sexual and self-incompatible (SI). However,
the Sl system can fail under the influence of heterospecific pollen on the stigma (mentor
effect; MRAZ 2003b, MRAZ & TOMEIKOVA 2004, MRAZ & PAULE 2006). In contrast,
triploids, tetraploids and pentaploids are agamospermous. Development of unreduced
embryo sac follows theAntennariatypeZ of diplospory, i.e., the female meiosis is fully
omitted (e.g. MGLER 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 gametophyt&E&MAN 1941, KAWINSKA 1963).

Although chromosome counts for maHjeraciumspecies 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 byAN (1921...1923). IHieracium alpinumL., H. caesium
FR., H. nigrescensWILLD ., H. rohacsense&IT. and H. waldsteinii TAUSCH (all s.l.) the
narrow species concept is accepted (microspecies grouped in an aggregate species/group).
Species concept of the secti@erinthoideafollows MATEO (2005).

MATERIAL AND METHODS
Plants

Plants were collected between 1996 and 2006 from their natural habitats and transplanted
in the experimental gardens in Prihonice near Praha and in Koeice, exdgépéadphorum
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,
Pruhonice (PRA, plants counted by JC and JZ) and Herbarium of the Institute of Biology and
Ecology, P.J. —afarik University, Koeice (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:

() 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 (D
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 1N HCI at 60 °C. The squash and smear method with cellophane replacing the
glass covers followed MRIN (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. —afarik University,
Koeice. Sample preparations were carried out in a two-step procedum®(I®90, DOLEZEL
& GOHDE 1995). Approximately 1 ciof 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 | buffer (0.1 M citric acid monohydrate + 1 ml 0.5% Tween 20 adjusted to
200 ml and filtered through a 42 pum 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 | 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 Il 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 oZea may€E-777 (2C =5.43 pg). To estimate DNA ploidy level of analyzed plants,
the exact position of peaks of previously counted di-, tri- and tetrapl@daciumtaxa to the
peak of standard was measured. As diploid taxa we u$edmbellatumL. (cult. no.
UMB12JP, chromosome number published irAZ 2003b, and further ca. 10 plants of this
species cf. DMEIKOVA 2006 and unpubl.) anéi. tomentosun{this paper), as triploid
H. sabauduns.l. (cult. no. 872, @GRTEK et al. 2004) and tetraploid. carpathicumBESS
(cult. no. 1150, GRTEK et al. 2004). The ratios between nuclei fluorescence intensity of
internal reference Zea mayys and above mentione#iieracium taxa were as follows:

H. umbellatum(2x) 1.4...1.%{. tomentosuni2x) 1.33...1.3#. sabauduns.|. (3x) 1.95...2.0
andH. 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 ~Z.



414 J.Chrtek et al.

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°1019 E, 45°5202 N, 2560 m, 25 August 2005, leg. P.iz (H1823, analyzed by
PM, peak ratio 2.05).

2. Switzerland, cant. Wallis, Walliser Alpen: Furkapass, ca. 200 m S of the col, exposed
slopes withSalix herbacea2457 m, 8°2449 E, 46°3422 N, 24 August 2005, leg.
P. MRAZ (H1839, analyzed by PM, peak ratio 2.03).

3. Switzerland, cant. Graublnden, Albula Alpen: Davos, Flielapass col, 2354 n59°k7
46°4436 N, 22 August 2005, leg. P. RAz (H1829, analyzed by PM, peak ratio 1.94).

Triploid chromosome counts were reported from the Western CarpathiatsTER
1997b, MRAZ 2001, -FORCHOVA et al. 2002) and by &HUHWERK & L IPPERT(1999) from
the Austrian Alps.

Hieracium amplexicauleL. 2n =36

Locality

1. ltaly, 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. HRTEK & P. MRAZ (H1073/1b, H1073/2, counted by JC).

Hieracium amplexicaulesubsp.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. BRTEK & 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, 13450 E,
47°0112 N, 29 July 2005, leg. J. @RTEK (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 ARH@LD (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 subampplexicaulewere found in the
Pyrenees (SHUHWERK & L IPPERT1998) and in the Sierra de Baza Mts. in southern Spain
(CUETOROMERO& BLANCA LOPEZ1986), triploid counts without an exact identification of
subspecies were reported from the Alp@ELLA & K LIPHUIS 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 (EHUHWERK & L IPPERT1999)

and of subspspeluncarun{ARV.-TOUV.) ZAHN from the Serra do Geres Mts. in Portugal
(FERNANDES & QUIER0OS1971). Tetraploids (2n = 36) ¢i. amplexicaulevere reported by
GENTCHEFF& GUSTAFSSON(1940) and @QEZEL (1957). The same chromosome number has
been found in plants referred kb pulmonarioided/ILL . from British Isles (MLLS & STACE

1974) and from botanical gardens§R=ENBERG1927, GENTCHEFF1937). Recently, ESTRO

et al. (2007) revealed for the first time a diploid cytotype (2n = 18) in plants from Spain.

Hieracium bocconeiGRISEB. 2n ~ 4x

Locality

1. Italy, Alto Adige, Deferegger Alpen: Passo Stalle (Staller Sattel), S slopes, 1954 m,
12°1146 E, 46°5324 N, 30 July 2005, leg. P. WAz & 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 bupleuroide<C.C. GMEL . subsp.bupleuroides 2n=27,2n~3x

Localities

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

2. Slovakia, distr. llava, Biele Karpaty Mts.: Vreatské Podhradie, castle ruin of Vreatec,
770 m, 15 June 2005, leg. JHRTEK (H1033/2, H1033/3, 2n = 27, counted by JC).

3. Slovakia, distr. Tvrdoein, Choéské vrchy Mts.: Kvaéianska dolina valley, upper part, 2 km
SW of the church in the village of Huty, limestone rocks, 765 m, 1882, 49°1216 N,

17 August 2006, leg. J.MIRTEK & 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, leAz°. M
(H1755, 2n ~ 3x, analyzed by PM, peak ratio 2.0).

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

Hieracium bupleuroidesubsp.levicepdNAGELI & 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, 1388®E, 47°3153 N, 13 August
2005, leg. J. @BRTEK, det. F. £HUHWERK (H1063/2, counted by JC).

Hieracium bupleuroidesubsp 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°1F E, 48°5450 N, 5 August 2005, leg. J. IRTEK &
K. CHRTKOVA (H1062/1, 2n = 27, counted by JC).
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2. 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, leiz®. M
(H1754, 2n ~ 3x, analyzed by PM, peak ratio 1.95).

Triploids seem to prevail in this rather variable taxoHRTEK et al. (2004) reported
2n = 27 for plants identified as subgpmelinianun(= subspbupleuroide}and subspatrae
The same number was found lih bupleuroidesrom the Slovensky kras region (southern
Slovakia) by Murin and Uhrikova (in KbovsKy 1970). Further triploid counts come from
the Bavarian Alps (SHUHWERK & L IPPERT1999), the Austrian Alps (BLATSCHEK 1966,
SCHUHWERK & LIPPERT 1999 ... plant referred to subbppleuroidey and from northern
Bavaria (®HUHWERK & L IPPERT1999). GHRISTOFF & POPOFF(1933) also published the
same chromosome number, but the locality was not given. A tetraploid chromosome number
was given for plants from Montenegro IR¢TIZE et al. 2003, 2006H. bupleuroidessubsp.
pseudoschenkiROHLENA & ZAHN), Slovakia (GIRTEK et al. 2004), and southern Poland
(SZEL¥G & V LADIMIROV 2005).

Hieracium caesioide€\RV.-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, 0373E,
44°0819 N, 28 August 2005, leg. J.HRTEK & 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, legH&TEK &
P. MRAZ (H1068/2, counted by JC).

This is the first chromosome number record lfbrcaesioides

Hieracium caesiumagg.
Hieracium basifolium (FR. ex ALMQ .) LONNR. 2n =36
(H. caesiumsubsp.basifolium sensu ZHN)

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

Hieracium plumbeumFRr. 2n =36
(H. caesiumsubsp.caesiums. str. sensu AHN)

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 byCBUHWERK & L IPPERT (1999) for subspcaesiumfrom Bavaria
(Germany) and subsparnosumWIESB. ex DICHTL) ZAHN from Austria.

Hieracium cerinthoideslL. s.str. 2n =27
(H. cerinthoidessubsp.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. JHBTEK, G. MATEO & J. A. ROSSELLQ det. G. MATEO
(H1176/1, counted by JC).

DELAY (1969) found 2n = 18 ifdieracium cerinthoidesHowever, taxonomic identity of
the counted plants is not clear; they might belong to another taxon withi.tberinthoides
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. JHBTEK, G. MATEO & J. A. ROSSELLQ det. G. MATEO
(H1177/2, counted by JC).

CAsTROet al. (2007) determined diploid and triploid cytotypes in this species. Previously,
SCHUHWERK & L IPPERT(1998) reported 2n = 18 fdd. cordifoliumsubspneocerinth€FR.)
ZAHN and 2n = 27 foH. c. subsperiocerinthe(FR.) ZAHN.

Hieracium eriophorumST.-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. BREY (H1222, counted by JC).

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

The same number was published bgERKMULLER (1975).

Hieracium glaucum ALL . 2n ~ 3x

Locality

1. Austria, Carinthia, the Karawanken Mts.: Bad Eisenkappel, limestone rocks and pine forest
(allianceErico-Pinion) near the road to Bad Vellach, 4.5 km SSW of the town, 658 m,
14°3420 E, 43°2707 N, 26 July 2005, leg. J.IRTEK & P. MRAZ (H1757, analyzed by
PM, peak ratio 1.96).
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Hieracium glaucumsubsp.nipholepiumNAGELI & 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 Vreie¢ ... Bovec, 425 m, 9 November 2005, leqREB-&/
J. HRTEK (H1081/2, counted by JC).

2. Slovenia, Primorska region, Julijske Alpe Mts.: near the road from the col of Vreié to the
Trentavalley, 1020 m, 9 November 2005, leg. BRB/£& 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 ofH. glaucumfrom Styria (Austria) (BLATSCHEK 1966), Italy (*ANNERINI 1971)
and Germany (SHUHWERK & LIPPERT 1999, plant corresponding to subsparicum
(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. BRTEK (H1171/2, H1171/5, H1171/6, counted by JC).

The first karyological record for the species, treated by most authors at the subspecific level
asH. cordifoliumsubspgouanii(ARV.-TOUV.) ZAHN. It clearly differs fromH. 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 gymnocerintheARv.-TOUV. & G AUT. 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-ursil®3034 E, 42°1615 N, 23 July 2006, leg.
J. HRTEK, G. MATEO & J. A. ROSSELLQ det. G. MATEO (H1172/4, counted by JC).

It differs from morphologically similaH. ramondii mainly in the indumentum of the
phyllaries (numerous simple eglandular hairsliramondiiand numerous glandular hairs in
H. gymnocerinthg 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 betweéh ramondiiandH. gymnocerinthe
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Hieracium humile JACQ. 2n =36

Locality

1. Austria, Oberdsterreich, Dachstein massif: Vorderer Gosausee mountain lake, rocks on
NW bank, 6 km SSW of the village of Gosau, 940 m, 1388 E, 47°3153 N, 13 August
2005, leg. J. @BRTEK (H1064/2, H1064/3, counted by JC and JZ).

This is the first tetraploid (2n = 36) chromosome number ascertained for this species.
SCHUHWERK & L IPPERT(1999) reported 2n = 27 fad. humilesubsppseudocottetifZZAHN)
ZAHN from the Bavarian Alps (Karwendelgebirge).

Hieracium intybaceumALL . 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°3%9 E, 46°1342 N, 29 August 2005, leg. J. IRTEK &
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 Copenhagero§&ENBERG1927). Later IARSEN (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 1990sOfE—et al. 1997, RVARGER 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, legGRATOVA (H1228/2, counted by JC).

Hieracium kittanags 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 (M.ADIMIROV 2003).

Hieracium lachenalii SUTER 2n =27

Localities

1. Czech Republic, Bohemia, distr. Rakovnik: forest between the villages of Roztoky and
Kgivoklat, 350 m, 29 May 2006, leg. JAZRADNIEEK (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°4236 E, 49°5901 N, 25 July 2002, leg. J. @IRTEK & 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°5427 E, 48°5104 N, June 2006, leg. J.AHRADNIEEK (H1160/4, counted by JC).
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Hieracium lachenaliirepresents a taxonomically very difficult entity. Our counts well
match most of the previously published data (2n = 27; elRCEK et al. 2004). [AVRENKO &
SERDITOV (1987) reported the tetraploid level (2n = 36) andROVTSEVA (1983; ut
H. tilingii JuxiP) the hypertriploid one (2n = 28) .

Hieracium laevigatumWILLD . subspecies groupaevigatum 2n=27

Localities

1. Czech Republic, Bohemia, distr. Rokycany: Strasice, N part of the village, margin of
a forest, 550 m, 13°487 E, 49°4451 N, 29 June 2005, leg. J.HRTEK (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 Krélové, 270 m, 15°38 E, 50°1017 N, 1 July 2006, leg.
J. (HRTEK & 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.gcHJHWERK 1996 and other standard reference
manuals, e.g. Missouri Botanical Garden (2007)).

Hieracium murorumL. 2n =27

Localities

1. Czech Republic, Bohemia, distr. Plzed: Plzeo, village of Koterov, the street «V zavrtkuZ,
0.6 km SSW of the railway station *Plzeod-KoterovZ, slopes along the street, ca. 320 m,
13°2507 E, 49°4302 N, 12 August 2003, leg. M. RAL (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°080 E, 49°5815 N, 28 May 2005, leg. J. BRTEK
(H1030/1, H1030/2, counted by JC).

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

4. Czech Republic, Bohemia, distr. Doma lice: Kdyni, forest margin near a parking place
2.4 km NE of the town, 640 m, 13°0d8 E, 49°2435 N, 12 June 2006; leg. J.HRTEK
(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.gHSHWERK 1996 and other
standard reference manuals).

Hieracium naegelianunPANEIZ subsp.naegelianum 2n=27

Locality

1. Montenegro, Durmitor Mts.: Mt. Veliki Meded, alpine grassland on limestone, 2050 m,
19°0413 E, 43°0331 N, 1 August 2006, leg. and det. Zz8 ¥G (H1208/1, H1208/3,
counted by JC).
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This chromosome number confirms the previous counts from the Durmitor MiET{ME
et al. 2003, 2006) and from other Balkan localitiesEfRkKMULLER 1975, QRAU & ERBEN
1988, MLADIMIROV & SZEL¥G 2001).

Hieracium nigrescensagg.
Hieracium decipientiformgWO£. & Z AHN) SCHLIAKOV 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.FAZMH81, counted by
PM).

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

Hieracium olympicumBOISS. 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 tBarpinus orientaliforest, 870 m, 24°58°42
E, 42°40°36 N, 9 August 2006, leg. and det. Zz8 ¥G (H1206/3, counted by JC).

VLADIMIROV & SZEL¥G (2001) reported a triploid chromosome number for this species.

Hieracium pannosunBOISS. subsp.pannosum 2n=27

Locality

1. Bulgaria, Stara Planina Mts., Trojanska Planina plateau: Mt. Kozja stena, grassy slope on
limestone, 1570 m, 24°3@6 E, 42°4727 N, 8 August 2006, leg. and det. Zz8 ¥G
(H1205/1, counted by JZ).

This is the first triploid chromosome count from Bulgaria. Earlier, the tetraploid count for
H. pannosunwas reported from GreeceAPANICOLAOU 1984) and Bulgaria (WVADIMIROV
& SzZEL¥G 2001). The triploid chromosome number was reported from GreetRIifX
FRANZEN 1981, RAPANICOLAOU 1984, SHUHWERK & L IPPERT1998).

Hieracium petrovaeV/LADIMIR. & SZEL¥G 2n=18

Locality

1. Bulgaria, Central Rhodope Mts.: Trigrad gorge, crevices of limestone rock (locus
classicus), 750...800 m, 24%1 E, 41°3955 N, 15 October 2005, leg. V. MDIMIROV
(H1229, counted by JC).

Hieracium petrovaés the only known diploid representative of tHepannosunagg. Itis
closely related to a number of presumably descendent taxa inHthgannosum
H. pilosissimumand H. heldreichii collective species. It is a calciphilous chasmophyte
confined to several localities in the Central Rhodope Mts. in southern Bulgarmd(MIROV
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& SZEL¥G 2006). Our count confirms the previously published dataAfMMIROV &
SZEL¥G 2006).

Hieracium piliferum HOPPE 2n ~ 3x

Localities

1. ltaly, Alpi lepontine, Spluga: Passo dello Spluga (Spligenpass), 2120 n5494,
46°3021 N, 23 August 2005, leg. P. RAz (H1845, H1846, analyzed by PM, peak ratio
1.93).

2. Austria, Karnten, Hohe Tauern: Kobnitz, ReiReck Hutte, S of the tunnel, 2225 m,
13°2141 E, 46°5559.8 N, 29 July 2005, leg. P. KAz (H1802, analyzed by PM, peak
ratio 1.98).

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

Localities

1. France, dépt. Hautes Alpes: SE of Col du Galibier, 2570 m, 624, 45°0459.8 N,
4 July 2003, leg. P. MAz (H1344, 2n = 27, counted by PM).

2. Switzerland, cant. Bern, Berner Alpen: Interlaken, ca. 1 km NE of Mt. Schillthorn, 2230 m,
7°5235 E, 46°3405 N, 19 July 2006, leg. P. MAz (1 plant without no., 2n ~ 3x,
analyzed by PM, peak ratio 1.93).

Hieracium piliferum subspecies grouglanduliferum 2n ~ 3x, 4x

Localities

1. Switzerland, cant. Valais, Alpes valaisannes: Col du Grand Saint Bernard, ca. 2600 m,
25 August 2005, leg. J. 8&—UT(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. RAKI(H06/23, 2n ~ 4x , analyzed by PM,
peak ratio 2.69).

The triploid level seems to prevail iHieracium piliferum It was first published by
SCHOLTE (1977) from Switzerland. Later on,CBUHWERK & LIPPERT (1999) found
tetraploid plants in the same country. Isolated Western Carpathian populatténgilifierum
were also revealed to be tetraploid @iz 2003a). Tetraploid plants from the Massif Central
were collected in the early stage (rosette leaves) and determinddmkferum s.l. only.
However, according to local specialist F. Billy, orty glanduliferumsubsp glanduliferum
occurs at the locality (BLY 1977).

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

Localities

1. ltaly, 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, legHRTEK &
P. MRAZ (H1075/2, H1075/5, 2n = 18, counted by JC).

2. Austria, Carinthia, the Karawanken Mts.: Bad Eisenkappel, limestone rocks and pine
forests (allianceErico-Pinion) near the road to Bad Vellach, 4.5 km SSW of the town,
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658 m, 14°3420 E, 43°2707 N, 26 July 2005, leg. J. @RTEK & 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 Soei, near the
road to Kobarid, 335 m, 9 November 2005, leg. BRB/& 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 RVARGER (1965) from the Julijske Alpe Mts. (Julian Alps), and byaRicuccl
& TORNADORE(1999) from the Treviso region in NE Italy.

Hieracium prenanthoided/ILL . subspecies grouprenanthoides 2n=27

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

This is only the second reference on ploidy leveHnprenanthoide$rom the Pyrenees
and it confirms the previous count stated on plants originating from the same region (cf.
CasTROet 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 (cfHRTEK 1996, £HUHWERK 1996, and other
chromosome number indexes). Diploids were only reported from the French Alps (Hautes
Alpes; FAVARGER 1969a, AVARGER 1969b); tetraploids were found byHBISTOFF &
POPOFF (1933, cultivated plant of unknown origin) and byb\e (1970) in plants from
Iceland.

Hieracium ramondii GRISEB. 2n =27

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., 5237
E, 42°3207 N, 22 July 2006, leg. J. @RTEK, G. MATEO & J. A. ROSSELLQ det.
G. MATEO (H 1173/4, H 1173/5, counted by JC).

This is the first chromosome number record for the species.

Hieracium rohacsensegg.
Hieracium rauzensévi URR 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°138 E, 46°5323 N, 29 July 2005, leg. P. RAz
& J. CHRTEK (H1759, H1760, H1761, analyzed by PM, peak ratio 1.83...1.89).

The same ploidy level based on chromosome counts was foundiidy §2001) in plants
originating from Vorarlberg (the Austrian Alps). Due to some level of morphological
convergencesl. rauzensés traditionally treated within thiel. rohacsensgroup, or evenitis
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given as a synonym d¢i. rohacsense.str. However, the taxa are rather different with respect
to their morphology, ploidy level, distribution range and allozyme patterrRAM &
MARHOLD 1999, MRAZ 2001, MRAZ et al., unpubl.). Both taxa likely have different origins.

Hieracium recoderiDE 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. JHRTEK (H1174/4, counted by JC).

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

Hieracium schmidtiiTAUSCH 2n =27

Localities

1. Czech Republic, Bohemia, distr. Litomigice: Boreé, the Boreé hill, NW slope, 800 m NW
of the village, 350 m, 13°545 E, 50°3054 N, 15 May 2005, leg. J. ARTEK (H1024/6,
H1024/7, counted by JC).

2. Czech Republic, Bohemia, distr. Litomigice: Boreé, the Bore¢ hill, E slope, 500 m N of the
village, 370 m, 13°525 E, 50°3053 N, 15 May 2005, leg. J. BRTEK (H1025/3,
H1025/5, counted by JC).

Our chromosome counts well match those published BRIEK (1996) from the
Krkonoee Mts. (Czech Republic), byASTROet al. (2007) from Spain and byCBUHWERK &
LIPPERT(1999) forH. schmidtiisubsp.comatulumBOREAU) GOTTSCHL.andH. schmidtii
subsp.kalmutinum(ZAHN) GOTTSCHL. from Bavaria. Chromosome number 2n = 36 was
reported for plants referred to & schmidtiiagg. from Central Bohemia, Czech Republic
(KIRSCHNER& —FIPANEK in MISIEEK & JAROLIMOVA 1992) and for plants dfi. schmidtii
from Spain (@QsTROet al. 2007).

Hieracium stelligerumFROEL. 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 deArcZ, ca. 3.5 km SE of the village, October
2006, leg. P. Az (H06/38, 39, counted by PM).

This is the first chromosome number record fbrstelligerum

Hieracium tomentosuni.. 2n ~ 3x

Locality
1. France, dépt. Hautes Alpes: Brian¢on, 1300 m, 2005, legoRzET (plant without no., 2n
~ 3%, analyzed by PM, peak ratio 1.98).
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Hieracium tomentosunsubsp.tomentosum 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, B73E,
44°0819 N, 28 August 2005, leg. J.HRTEK & 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.itomentosumhile in the Alpes
Maritimes we found a diploid cytotype, one plant from a northerly situated population from
Briancon was triploid.

Hieracium tommasinianumM ALY 2n=27
(H. tommasiniiRCHB. f., nom. illeg.)
Locality

1. Serbia, SW part, distr. Zlatibor: Milesevka river gorge, 10 km SW of Prijepolje, 1$314
E, 43°2131 N, 30 April 2006, leg. M. NKETIZA(H1224, counted by J.Z.)

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

Hieracium transylvanicumHEUFF. 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. ZAHRADNIEEK (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 CarpatiNansgP
1987, GHRTEK 1996, MRAZ et al. 2005), Romanian Eastern Carpathian®RA& 2003b,
MRAZ & SZEL¥G 2004, MRAZ et al. 2005), Durmitor Mts. in Montenegro Z8.¥G et al.
2007) and from the Stara Planina Mts. in Bulgaria LABIMIROV 2000,
Y URUKOVA-GRANCHAROVA et al. 2006). The first chromosome number in this species was
reported by RSENBERG(1927) but without indication of the exact locality (garden plant).

Hieracium umbellatumL. 2n=18

Localities

1. Czech Republic, Bohemia, Praha: Praha-Troja, *Pusta viniceZ, heathland along a path,
240 m, 14°2414 E, 50°0718 N; 28 June 2006, leg. J.HRTEK (H1162/3, H1162/4,
counted by JC).

2. Ukraine, Oblast” Zakarpatska, Skhidni Beskidi Mts.: Scherbovets, southern slopes of Mt.
Pikui, 1300...1400 m, 22°8% E, 48°4952 N, 21 July 2003, leg. P. KAz & 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 «~Z. First record(s) for a taxon is/are marked in bold.

Taxon

Chromosome number/DNA ploidy level

II IITIIIIIII ITIT IIIIIIIII IIT IITIIIIIIIIIIII IIIT IIIT IIIT ITT

. alpinumagg.
. halleri

. amplexicaule
. amplexicaulessubspamplexicaule
. bocconei

. bupleuroidesubspbupleuroides
. bupleuroidesubspleviceps

. bupleuroidesubsptatrae

. caesioidesubsp caesioides

. caesiumagg.
. basifolium
. plumbeum

. cerinthoidess.str.

. cordifoliums.str.

. eriophorum

. glaucum

. glaucumsubspnipholepium

gouanii
gymnocerinthe
humile

. intybaceum

. kittaniae

. lachenalii

. laevigatumsubspecies groupevigatum
. murorum

. naegelianunsubspnaegelianum

. nigrescensgg.
. decipientiforme

. olympicunmsubsp olympicum

. pannosunsubsppannosum

. petrovae

. piliferum

. piliferumsubspecies grouypiliferum

. piliferumsubspecies grouglanduliferum
. porrifolium

. prenanthoides

. ramondii

. rohacsenseagg.

rauzense

recoderi

. schmidtii
. stelligerum
. tomentosum

tomentosunsubsptomentosum
tommasinianum

. transylvanicum
. umbellatum

. waldsteiniiagg.
. plumulosum

~3x

36
27
~4x

27, ~ 3x
27
27, ~ 3x
27

36
36

27
18
18
~3x
27
18
27
36
18
18
27
27
27
27

36

27

27

18

~ 3x

27, ~ 3x
~ 3%, 4x

18

27

~3x

18
27
18
~ 3X
18, ~ 2x

18
18

18
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Both sexual diploids (2n = 18) and apomictic triploids (2n = 27) are known in this species
(for references see e.g. AMOVSKY et al. 1987, S8HUHWERK 1996, and other standard
chromosome number indexes).

Hieracium waldsteiniiagg.
Hieracium plumulosumA. 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%8 E, 42°2840 N, August 2006, leg.
J. ZAHRADNIEEK, det. Z. SEL¥G (H1218/1, H1218/2, counted by JC).

Three chromosome numbers have been published.fealdsteiniis.l. by SHUHWERK &
LIPPERT(1998). They reported 2n = 18 for plants referredHtow. subsp.suborieniZAHN
from Montenegro, 2n = 27 for those identified as sulmpmulosun{A. KERN.) ZAHN from
Serbia and Bosnia and Herzegovina and 2n = 36 for plants of shhkfaccianumFREYN)
ZAHN from Montenegro. The first diploid (2n = 18) countkh plumulosunwas reported by
SZEL¥G 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 assestioakbetween genome size and ploidal
level, breeding system and selected ecogeograghiares.

MethodsHoloploid and monoploid genome sizes (C- and Gxes) of 215 cultivated plants
from 89 field populations of 42 so-called ‘baditieraciumspecies were determined using
propidium iodide flow cytometry. Chromosome counitsll 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)eTLCx 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@&iome size variation correlated well
with two major phylogenetic clades based on seqementthe 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 ®ircl950s, when large differences in
the nuclear content of different organisms wereded (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 nublid&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. Ssezfound to have smaller Cx-values
than related outcrossers (Labani and Elkington71@®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 dcaldgctors 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), anderberis(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 umaiengt@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 specisyploid (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., thene
(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 lowldaodke 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 morphologicaltpgnizable 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 &dl 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 vetysupported clades, one mainly composed
of species with western European origin, and tlcersg 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 M&raciumspecies were collected in the field (or
grown from seeds in a few cases) throughout Euaopetransferred to the experimental
garden of the Institute of Botany in Bonice (Table 1, for details of sample localities s
Supplementary material). Taxon sampling was rdsttito so-called ‘basic’, supposedly non-
hybridogeneous species, generally following Zalg2{+1923) with a few exceptions: The
species concept of secti@erinthoideafollows 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 Szaj, 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., Skat 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 arediiggbin the herbarium PRA.

Chromosome numbers and breeding system

At least two plants per population were checkedHleir 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@ted 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 uailRgrtec CyFlow cytometer equipped
with a green (532 nm) solid state lasé#a mayd.. ‘CE — 777’, 2C = 5.48 pg (Lysak and
Dole el, 1998) andPisum sativuni.. ‘Ctirad’, 2C = 8.85 pg (Dole ekt al, 1994; Suda&t al.,
2007) were used as internal standards for diploeiolyploid 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 dyaftthe 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 a 48 nylon filter and centrifuged at 15 g for 5 mirher
supernatant was discarded and the pellet was reisdeg in 100 | fresh Otto | buffer.
Samples were incubated for at least 10 min at reonperature and mixed with 1 ml Otto Il
buffer (0.4 M NaHPQO,” 12H,0) supplemented with propidium iodide (PI) as the
fluorochrome, RNase IIA (both at a concentratio®®f | ml™) and -mercaptoetanol (2l
ml™). 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 separatégifollowing 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 genomeaiigion was rather low). On the other
hand, morphologically homogeneous species with mggapopulation variation in genome
size {H. pictum) and species with unclear pattern of genome sazi@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 betweencgg®ein 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 (indepetiad®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 &odtaining ‘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 (ii) the ‘western’ and
‘eastern’ groups with the three different group$gbrids (iii-v) specified above. Both
comparisons were conducted separately with ancbwiti. transylvanicur{which fell into
the phylogenetically defined western lineage, lag & genome size and geographic range
congruent with the ‘eastern’ group, see Discussidhg 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 coefficientthedone-way ANOVA were used in
testing the correlation between monoploid DNA aniq@&x) and chromosome number
(matrix of all samples, 2n = 18, 27 and 36). Furti@e, 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 lyidistributed 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 packatgisBca for Windows 6.0’ (StatSoft
1984-2002).

RESULTS

Chromosome counts and mode of reproduction

Chromosome numbers for plants of 43 population$yaed 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¢evel 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%{r2ek%). Generally, CVs @&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®M&an values with standard errors
(ranges for 2C and means for 1Cx genome size®4didh population and mean values with
standard errors and ranges for 1Cx for each spaotesummarized 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, nameli. 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, sesriflaind MethodsiH. prenanthoidesind
H. bupleuroidess below the threshold of 3.5% variation. Variatiwsithin the separately
treated populations of morphologically heterogemsd¢dupannosunwas also below 3.5%
(Table 1). In further paragraphs, these ‘narrowsexa (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 itd. 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 phylogenetignal

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 15sicrss: 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 groups at
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-claglerid accessions are significant
independently of includingl. 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 lebeéeding 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 = 0.47Big. 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)daapomicts (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 spewsiee 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 occuinr@entral Europe (results not shown).

DISCUSSION

Chromosome numbers and mode of reproduction

Chromosome numbers for plants from 46 populatiateriging 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 levigllid) 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 repdriam 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 leegréted 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 accessienkeing 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 Aralpopulation was higher (3.81 pg) and
thus well congruent with a possible scenario ot pasogression 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 analgeedssions), and higher intraspecific
variation might reflect recurrent polytopic origidigh inter-population variation iHl.
pannosuntould also be related to multiple origin as sutggtby the different ploidal levels
of the analyzed accessions. The high variatidf.ipictumcannot be explained by our data.
Broader sampling for molecular analysis in thesgs might reveal hybrid accessions that
have not been discovered as yet. Thus, we didmbuhequivocal evidence for intraspecific
genome size variation in ‘good’ species of subgétiasacium

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). Whilenypmaf the examples of variation have
been shown to be artifacts of the measurement migtfgog. Teoh and Rees, 1976;
Greilhuber, 1998; 2005), there are some reportsmeating C-value variation where
appropriate controls and standards have been BResvést al, 1998; Hallet al,, 2000;
Mosconeet al, 2003; Pecinkat al., 2006).

Interspecific genome size variation

Our estimates of nuclear DNA contentHireraciumsubgenHieraciumare 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 J87fom 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 covergdhaome 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. Statisticahgigance 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. éles, 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), nd
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 Hieraciumsubgenug®ilosellawith the same basic chromosome number (n=9),
holoploid (2C) genome size differs 4,33-fold andgeas 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 igaemeral trend to either downsizing or
uploading within multiploid species. Their origiemains to be elucidated in many cases and
could involve autopolyploid origin as well as paipiation 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 ispe®@es (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 rhigdive 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 (Fehetal, 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 widabtributed species (e.Hl.
murorumandH. bifidumin the ‘western’, anéi. umbellatunin the ‘eastern’ group). The
phylogenetic component of genome size does natrdiétween sets of diploid and polyploid
accessions (despite indication for some genome siawg 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 introgressiomiggtern 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 eastestnilblution or have still other reasons than
reflecting phylogenetic signal. Another accessiba avestern’ clade specield, lachenalij
has a chloroplast DNA matching some ‘eastern’ clgmleies 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 accoriige 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 onlHieracium(subgenHieracium) species with long below-ground
stolons, which enable the plant to spread vegetgtiVhile 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 msque, and its particular relationships with
other ‘eastern’ clade species are unresolved.

Hybrid (hybridogeneous) ‘basic’ species

Apart from non-hybridogeneous basic species anddypeneous species between members
of the same major clade, several ‘basic’ speciee ¥erind to be of hybrid origin between
‘eastern’ and ‘western’ clade species (Feleteaal, in prep.):H. amplexicaulgH.
bracteolatumH. caesiumH. glaucumH. gouanij 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 méd#x values for the ‘western’ and
‘eastern’ groups (3.61 and 4.02 pg, respectivaiy@rmediate genome sizes of the previously
mentioned species might be expected. However, thgmtessions were more similar to the
‘eastern’ species group and significanly differigatn 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. 2bjeial interpretations could be to assume
nowadays extinct parents with higher genome sizaltarnatively, 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 l.,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 suggegeated 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 resultsrgity depend on sampling. Restriction of
these analyses to accessions analyzed by moleatshowed that these correlations were
even stronger when accessions of ambigous origra @ecluded. 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 geGusium,
another member of the family Compositae (Bweeal, 2004). These authors found a
negative correlation between genome size and tteradimit 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 severabtalxa 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 genomeaizion 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 datdywe$er to intraspecific variation
(Ceccarelli, 1992; 1994; Lyséak 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 occuraogss 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 Crethel (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 sproeps 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 tax#they 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, métfigraciumspecies 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 Europeanrohgving significantly lower genome size
in comparison with those of eastern European ariffie® genome size of particular
accessions was also positively correlated withr thpeographic longitude in west—east
direction, but the correlation between genome aigg phylogeny was stronger. Thus,
correlation with longitude and also with other eeographic variables such as latutide,

altitude, light and temperature was superimposeghyjogenetic 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 phylegestructure.
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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 thaes predominant ‘western’ (X(W)),
equal (X) and predominant ‘eastern’ (X(E)) ETS sauie composition (see also Table 1).
The box indicates the interquartile (25—-75%) raniye ,small square within the box the

median. The whiskers indicate minimum and maximaoies.

Fig. 3— Variation of genome size among diploids, trigkand 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 longitudinalsgiion 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. sabaudurmandH. umbellatunp r =
0.617, p < 0.001.

Fig. 5— Longitudinal component of genome size variatmmaccessions 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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