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Nastup dokladnejsich studii, analyzy
pelovych zrn, mikromorfologickych
znakov, poétov chromozémoyv, doraz
na kvalitne spracovanie nomenklatury
a synonymiky taxonov — Eva Kmetova
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Detailné studium introgresivnej hybridizacie v rode
Pulsatilla — Kornélia Goliasova
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Zavedenie metod multivariachej morfometriky do analyz
polyploidnych komplexov — Magdaléna Peniastekova a

Helena Siposova v spolupraci s Ladislavom Mucinom
Biscutella laevigata, Galium anisophylion
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Zavedenie metod multivariacnej morfometriky do analyz
polyploidnych komplexov — Magdaléna Peniastekova a
Helena Siposova v spolupraci s Ladislavom Mucinom
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Obdobie, ked’ dizertacné prace boli zalozené na
kombinacii karyologickych, morfometrickych a
chorologickych metod sa zavrsilo dizertacnymi
pracami Eleonory Michalkovej (Galium mollugo),
Karola Marholda (rod Cardamine), Ivy Hodalove] ==
(Senecio nemorensis) a Romana Letza (Sempervivum)
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Fig. 6. Principal components analysis (PCA) of the individual plants of the Semper-
vivum montanum group in the West Carpathians. Balloon — the “lowland” taxon,

V morfometrike sme pokrocili
k naro¢nejSim metodam

Results of the classificatory discriminant analysis of the two groups of populations of

FRINI

heart — the “upland” taxon.

the S. montanum group in the West Carpathians.

Actual group Predicted group membership
(number of observations/percentage classified into
groups)
“lowland” taxon “upland” taxon
“lowland” |Parametric
taxon method 85/94.44 5/5.56
Nonparametric
method 84/93.33 6/6.67
“upland” | Parametric
taxon method 7/8.75 73/91.25
Nonparametric
method 2/2.50 78/97.50
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Cluster analysis (UPGMA) of Senecio germanicus (upper line), S. dacicus sp. nov. (bottom
line} and S. nemorensis (middle line).
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A multivariate morphometric study of the
Cardamine amara group (Cruciferae) in the
Carpathian and Sudeten mountains
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Appendin L : Multivariate morphometric study of the Cardamine
pratensis group (Cruciferae) in the Carpathian and
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Key words:
ponent anal
ians, Pannonia,

vuciferae, Brassicaeae, Cardamine. — Numerical taxonomy, principal com-
cluster analysis, discriminant analysis, chromosome numbers, ~ Carpath-

(4074 502 DL+ 15 508,00 Abstract: A multivariate morphometric study of the Cardamine pratensis group is pre-
sented, based on 84 population samples collected from the Carpathian and Pannonian area
in the Czech Republic. Slovakia, Poland, Ukraine, Hungary, and Romania. Among the
multivariate methods, principal component analysis, cluster analysis, and classificatory
and canonical discriminant analysis were nsed. The analysis of chromosome numbers
from all populations studied showed wide variation. The morphometric study showed that
not all groups of populations characterised by their ¢ numbers and geograph
cal eriteria are morphologically, and thus taxonomically, distinguishable, Besides the mor-
phologically well characterised species Cardaming dentoia and C. rividaris, the following
species were recognised in the area studied: O matthioli, O, majovskii and . pratensis,
Within the last spe: besides the typical populations, two diploid “types” are provision-
ally recognised: type “ucranica™ and type “rivularis anct.”,

Jones (1964) recognised four species of the Cardamine pratensis group (Crucife-
rae) — Cardarnine pratensis L., C. matthioli Mokrern, C. dentata Scwr. [= C

palustris (W, & Gras.) Pererm.] and C. rividaris Scaur — from the Carpathian
and Pannonian area. In addition, C. majovskii Magsoin & Zisorsey was described
from Eastern Slovakia (Maksmn & Zisorsk? [986). However, there are many
unsolved taxonomic problems in this group which result in inconsistencies in local
Floras. The Cardamine pratensis group has been studied in Europe by Lovivist
(19361, Ursanska-Worytkiewice & Lawoolr (1974), and Seasskaoa (1978, 1979),
but Carpathian and Pannonian populations were considered only very briefly in
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Sympatric populations of Senecio ovatus subsp. ovatus,
S. germanicus subsp. germanicus (Compositae) and
their hybrid in the Carpathians and the adjacent part of Pannonia

I. Multivariate morphometric study
Iva HopALovA and KaroL MARHOLD
Institute of Botany, Slovak Academy of Sciences, Didbravski cesta 14, SK-842 23 Bratislava, Slovakia

Accepted: November 14, 1995

Summary

A multivariate morphometric study of Senecio germanicus subsp, germanicus, Senecio ovatus subsp. ovarus und their hybrid,
Senecio xfutakii based on 19 popuhmm samples, collected throughout the Carpathians in Slovakia, Ukraine and Romania. is
presented. Multivariate methods used include vrincinal components analvsis. cluster analvsis. classificatorv and canonical
discriminant analy As a complel

classification of certain plants into "y

proven.

Bot. Helv. 112/2 (2002): 137-151
253-1453/02/020137-15
© Birkhiuser Verlag, Basel, 2002

Key words: Senecio ovatus subsp. o
introgressive hybridization, multivar

I Botanica Helvetica

Introduction

The Senecio nemorensis groupin|
jacent part of Pannonia is repres:
taxa: Senecio hercynici

8. ovatus (P. GARTNER, B. Mr
subsp. ovatu germanicis Wat . & - .
. nemorensi .t HER A multivariate morphometric study of Senecio
97.1987, and by the populations e

he it anttion:as.S: uoranleis 3 paludosus L. (Asteraceae) in Central and Western
(HopALovA 1994). The firstresul
and synecological study of this g1 EU]'OPC

indicated that many populatio
hybrid swarms having its origi
hybridization (Kucowa 1976, Ho

During the present study atte
sympatric populations of S, ova
germanicus subsp. germanicus

Iva Hodilovi', Vit Grulich® and Karol Marhold'~

! Institutc of Botany, Slovak Academy of Sciences, Dubravskd cesta 14,
SK-842 23 Bratislava, Slovak Republlu

% Department of Botany, Masaryk University, Kotldrskd 2, CZ-611 37 Brnao,
Czech Republic

3 Department of Botany, Charles University, Bendtskd 2, CZ-128 01 Praha 2,
Czech Republic

hybrid remained unnoticed either
by HERBORG (1987), who stud
group in South Poland and in

ipt accepted August 13, 2002

4 L., Grulich V. and Marhold K. 2002. A multivariate morphometric study of
paludosus L. (Asteraceac) in Central and Western Europe. Bot. Helv. 11272

ultivariate morphometric study of Senecio paludosus L. from Central and
Europe, with additional material from other neighbouring areas is presented.
bspecies, namely S. palud L. subsp. palud. , 8. palud, subsp, angusti-
slub and S. pulmlmu\ subsp. lanatus Huluh are n.u)um\ul Principal coordi-
lysis confirmed good morphological separation of the above-mentioned taxa
antitative and qualitative characters with only a few intermediates. The recog-
S. paludosus subsp. bohemicus (Tausch) Celak. as a separate subspecies was
irmed.

vords: Senecio paludosus, Asteraceae, Europe, taxonomy, distribution.

Introduction

The distribution area of Senecio paludosus L. ranges from Western Europe 1o West-
ern Asia. Some European Floras report this species as present also in North America
(Nyirddy 1964), but there are no concrete data for this area and neither Kartesz (1994)
nor Kartesz and Meacham (1999) include this taxon in their works. It is a highly vari-
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Phyton (Horn, Austria) Vol. 38 Fase, 2 323-336 29,12, 1988

Multivariate Morphometric Study
of the Sempervivum montanum Group (Crassulaceae)
in the West Carpathians.

By
Roman LETZ *) and Earol MagHOLD *¥)
With & Figures
Received April 16, 1998

ene  Sempervivum montanum. - Cluster analysis
morphometrics, principal components analysis, —

H.

N Summary

ultivariate morphometric study of the Semper-
it Carpathians. — Phyton (Horn, Austria) 38 (2)
ErINAN SUMMAary

hdy of the Sempervivum montanuwn group based
ans is presented. Methods used include principal
sis and diseriminant analysis. The study con-
two taxa on the subspecific level in the area
taxa, both different from §. montanwm L. 5. str,
posal to reject the name S. carpathicum WETTST
'm at present under informal designations, as
b proposed subspecies differ in respect of the size
e colour of leaves. Both differ from 8. montanum
r sparse, short glandular hairs, and in the petals
I

Botany, Slovak Academy of Sciences, Thibravsks
vak Republic. - Present address: Monastery of
), Novozdmocka ul, SK-960 01 Zvolen, Slovak

tute of Botany, Slovak Academy of Sciences,
ptislava, Slovak Republic. — Temporary address:
ch Biologie/Chemie, Spezielle Botanik, Barbara-
any
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Lectotypification of some names in Jovibarba and Sempervivum (Crassulaceae)

Roman Leiz & Karol Marhold'

Swmmary

Letr, R, & Marhold, K. Lecioypafication of some names in fovibarta and Sempervivam {Crar-
silareae). — Taxon 45: 111-116. 1956, < 155N (00262

Leciotypes are designated for four Linnacsn names for tics belomging ot present to the gemem
Jovibarba and Sempervivum: S plobdferom (= 5 plobifera) 5. hirtum (s £ plobifera subsp. hiria),
5. wrachneldeum, and 5 monsanom In addition, epitypes are designaied for 5§ arachnpédeun mnd
5, mpmaniee 85 well 25 0 leciotype for 5. sebaliferum Sime, a synoaym af £ glabifera.

Dwring work by the first author on the genera Jovibarba and Sempervivin in the
Carpathians and E. Alps it was necessary to consider the typification of four Lin-
naean names for taxa belonging at present to these genera. The name 5. tectorum L.,
providing the type of Sempervivum, had already been lectotypified (Jarvis & al.,
1993; 87).

Sempervivum globiferum L., Sp. Pl.: 464. 1753 = Jovibarba glabifera (L.} ). Pamn, in
Bot. 1. Linn. Soc. 103: 219, 1990. - Lectotype (designated here): Herb. Linn. No.
632.1 (LINN).

= Sempervivum soboliferum Sims in Bot. Mag.: ad ©. 1457, 1812. - Leciotype {des-
ignated hene): [icon in] Bot. Mag -t 1457, 1812,

The protologue (Linnaeus, 1753: 464) reads:
4. Sempervivam (globiferum) foliis ciliatis, propaginibus globosis.

Sempervivum foliis radicalibus in globum congestis ciliatis, propa-
ginibus globosis. Horr. cliff. 180, Roy. lugdb. 457,

Sedum majus vulgari simile, globulis decidentibus. Moris. hisr. 3.
poA72 s 120 7.4 18

Sedum vulgari magno simile. Bauh. hisr. 3. p. 688,

Habitat in Rotheno D, Gmelin. 2]

The final line refers to & specimen Linnaeus received from 1. G. Gmelin, collected
in Ruthenia [southern Evropean Russial. There is o specimen in Linnaeus's own
herbarium (No. 632.1, LINN; see Savage, [945: £7) bearing the symbol for the
western edge of Asia (cf. Savage, 1945: vii, Stearn, 1957: 106), the species number
in Species plantarwm (“4™), the specific epithet “globuliferum ™ at the bottom of the
sheet, and an annotation “Sempervivam hexagynum Sempervivam 2dum Hort,
Eriss. ™ (cf. Savage. 1945: 87) on the verse of the sheet in Linnacos's handwriting.
There is a slight difference in the spelling of the epithet, but no species with an
epither “globuliferum” appears to have been published by Linnaeus. The specimen
seems Lo be original material, collected by Gmelin. As pointed out by Tjaden (1969:
168), it appears from Linnaeus™s letter to Gmelin of 1744 that the latter had sent a
specimen to Linnaeus as “Semipervivarm hexagynum ™ which Linnaeus had identified

¥ Institute af Beatany, Slovak Acsdemy of Scuences, Diibravikd cesta 14, SK-E42 23 Bmislava, Slovakia
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Najprv sme experimentovali s chemotaxonomiou
a s izozymami (Patrik Mraz
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Chemotaxonomic significance of flavonoids and
phenolic acids in the Hieracium rohacsense
group (Hieracium sect. Alpina; Lactuceae.
Compositae)
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Morphological and allozyme diversity in the Hierac
nigrescens group (Compositae) in the Sudety Mount
and the Western Carpathians
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‘The n\e'rul.l palLem of marphn]ogwu] variation and genetic diversity (allozyme analysis) was stu

group (H. nig al., H. alpinum = H. murorum) in the Sedety Mountains and
Carpathians. Anmrpholnmca] analysis was performed on 180 plants from 12 populations belonging to six
tinguished taxa. Altogether, 25 characters were measured or scored. Morphometric (canonical discrimina
data separated five Luxu e\-a]uuLed here at the spacies rank H. chrysostyloides, H. decipiens, H. nigresce
the Sudety H. jarzabezynum, end H. (the Western Carpathians). A distinct 1
tion from Mounl Babia hora (the Western Carpathisns) comprised a further possible taxon, given the
name ‘H. mbragwer:ﬁe Ge'neuc dlwzml\ was studied in ]? populations of H.chryseetyloides, |
H_ji and ‘H. 4 usmg five enzyme systems.
recognized ¢ bpmes wme pm\ed Ln be ticall, each of one unigque “multiloe
genotype, except ‘H. bobiogorense” which shared the same gennlype with H. jorzabezynum. For the
a chromosome number is reported for H. papenicanum (Zn =3x= and previously published mu
confirmed for H. chrysostyloides (2n =5x=45), H. decipiens (2n &), H.jorzabezynum (2
H. koprovanum (2n = dx= and H. nigrescens (2n = 4x = 36). All species have been shown to be ender
the Sndety Mountains or the Western Carpathians. Except for the species studied, two further ones (H.
H. nivimontiz) are recognized in the area, giving a total of seven species from the Hieracium nigrescens |
area studied. The morphologically slightly different local population from Mount Babia hora]
(*H. babimgorense’) requires further study. Two new combinations are proposed: Hieracinm jorzabezynn
Zghn) Mraz & Chriek £ and Hieraeium vapenicanum (Lengyel & Zahn) Chriek £ & Mraz. © 2007 The Li
ety of Lendon, Botanical Journal of the Linnean Society, 2007, 153, 287-300.

ADDITIONAL EEYWORDS: apomi:

— Asteraceae — chromosome numbers — flow cytometry - p

INTRODUCTION
T'he genus Haerucmn L in the nar
subgen. : Bell, 198
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he'rbs distributed mainly in the temperat
the northern hemisphere (Zahn, 1921-23; §
1976). It is well known &s & genus with

i 2007 The Linnean Scciety of London, Botarical Journal of the Linnean Society, 2007, 153, 287300
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istory of the polyploid complex

of Cardamine amara (Brassicaceae): isozyme evidence
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Abstract. In samples from 56 populations of Car-

*Present address: Institute of Botany, University of Agriculrural Sciences, Vienna, Austria

Key words: Cardamine amara, Large Bitter-cress,

damine amara, representing four diploid subs
(subspp. amara, opicii, balcanica, and pyrenaea)
and two tetraploid subspecies (subspp. awstrioea
and olotensis) from different parts of the European
distribution area, four enzyme systems with 23
alldes were studied. These data, together with
previous morphological snd karyological data,
suggest that the distribution and variation pattern
within the spedes was strongly nfluenced by the
last glacial period and postglacial migrations.
Cardamine amara subsp. pyrenaza is monomarphic
for 1 unique allek, and subsp. balsanica has a
unique allele, too which, however, is not fixed in all
populations of the taxon. Both taxa seem to be relic
ones, although otherwise subsp. halcanica in re-
spect of allelic spectrum much resembles subsp.
amara. The other two diploid subspecies, subsp.
amara and subsp. opicd, are not characterised by
presence of unique alldes but differ in allele
frequenciss. The two tetraploid subspecies have
different evolutionary histories. . amara subsp.
austriaca seems to be an antopolyploid derivative
of subsp. amara which colonissd open space
offered by retreating glaciers in the Eastern Alps.
€. amara subsp. obensiz from the Iherian
Peninsula represents most probably 1 polyploid of
preglacial time.

isozymes, polyploidy, ghdation, relic taxa

Introduc Gon

Cardamine L. comprises several polyploid
complexes in its European distribution area,
e.g. the C. pratensis group, C. amara L. and the
C. raphanifolia group. Until now detailed
attention has been paid mainly to the
C. pratensis complex, which consists of several
diploid taxa and higher polyploids up to
dodecaploid level, including dwsploids and
aneuploids (e.g. Lovkvist 1956 Urbanska-
Worytkiewicz and Landolt 1974 Marhold
19%4ab, 199%; Marhold and Andev 1999
Franzke and Hurka 2000).

Recent studies of populations of €. amara
in wvarious parts of Europe revealed an inter-
esting pattern of karyological and morpholog-
ical variation classified at the subspecific level
(Lihovd etal. 2000; Marhold 1992, 1999;
Marhold et al. 1996). Four diploid subspecies
are currently recognised within C. amara
subsp. amara, widespread in most of Europe




Lr ;_____mmmmm_z .
N IN 44

ibschov

imu Tr

X

| Stuessymu a And

" A.. a.--ﬂ.? .s_.rﬁnﬂ
=1 .;«@,_--_.--v,._._.nﬁnl _;_ S
. ...; O e OC 00 L
1| S, " Srﬂ--mm_,.!u_--l_
e BTG T

dne

| b.. ~a; .---vmm.!m.-mulf‘
i AR C Ot € O I

V4

arnymi

la z Vie
Todov

b | @ !
v e JHNEL
9| ~(@ INEEE

LIS 4
Ny

Degartment fi Botanik "
acime

und Biodiversitatsforschung

Department of Botany and

| 7L ‘ A.._ ‘EENER
| o) ~to'iEnEEE
(T

| pr

Pomoc s molekul

metodam
za vela vd’




Edited by [aros'sy Doledel, PNLEY YO
Johann Creilhuber and Jan Soda —_——

Cytometriu sme sa u€ili u Honzu Sudu Flow Cytometry
v Prahe, v centre svetovej cytometrie with Prant-Cells
aplikovanej v biosystematike a fylogenéze




December 2005 — Prve laboratorium molekularne;
systematiky — v budove na GU SAV na Valasskej ulici
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ORIGIN OF THE DISJUNCT TETRAPLOID CARDAMINE
AMPORITANA (BRASSICACEAE) ASSESSED WITH NUCLEAR
AND CHLOROPLAST DNA SEQUENCE DATA!

Jupita LisovA ** JaviER. FUERTES AGUILAR * KaroL MarsoLD,
AND GONZALO NIETO FELINER

Institste of Botany, Slovak Acadersy of Sciances, Drbravska costa 14 SE-84% 13 Bratishava, Slovak Rapublic: "Real Jardin
Botimica, CSIC, Plaza da Ml 2, E-28014 Madrid, Spain: and “Department of Botaxy, Charles University, Benstika 2,
C2-125 01 Praha, Czach Rapublic

Soventy-foer mlocids toquence: &rom o ITS regions of mckar rboscemal DNA and 76 Som the sml-tmF macar of chleroplast
DA wars med to addruss e origin of tetaphaid Candamine amporiiana, $s conspecfiy of ceamal Ialim and northeastern Spanich
populations, and the passihle caue for such geogaphic disfuncticn. Becauss of the complex lineage relaticaskips in Cardamine, he
sampling included 22 . I e resslts, both duta sets amw Kighly compreent i sspporEng 2 close eltiondkip of © ampanin to

the widespread Furasion ¢ amara. Low penafic varishilin in nethaastorn Smanich mosvslisions af (7 mwostiona momss: lnno-

distance disperial Fom cantmal Tnly. The
natwark of frml~m# haplotypes hrwever
Tho dissppearance of geogaphically
asiociated with Quasrmary climatic oscilit
bybridization srant is reparted betwsen C
additive polyrsorphisms in ITS for all the ©

Eey werds:  Cardamine amporin;
(ITS); pelyploidy; i -t spacar.

The importance of polypleidy in plant evo
sification has been widely acknowledged Ap
lecular techniques n recent decades has expa
edge of various aspects of this evolutionary |

cluding pathways and mechanisms of poly
polyploid swbilization and fimess, Fenome
imtial and advanced stages, and ewlmmuxr_
polyploids (Bayer, 1008; Ramsey and Schem
del. 20040). Recent polyploidization events m
ognized, snd indeed, various molecular tecl
lowed the distinction between auto- and all
the identification of parentage (Leitch and B
e.g., Bamieret al.. 1999; Baumel et al., 2002a)
ies on several model systems (Brassica, Gos
na, Tragopogon; Song et al, 1995; Cook et
etal, 1999; Volkov et al, 1999) and other 1
Sparting, Saxjfraga, etc ; Roelofs et al, 199

Manuscript recefved 11 November 2003; renisica ac
The atbors thank W Blesker (Uaivenity of Cumabriic
DNA = e & i 30 diploid accossicms, M. Pecnr

Plant Syst. Evol. 245 69-92 {2004)
DOT 10,1007, s00606-003-0119-6
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Cardamine apennina: a new endemic diploid species
of the C. pratensis group (Brassicaceae) from Italy

J. Likova', A, Tribsch®, and T. F. Stoessy”

':InsLitun: of Botany, Slovak Academy of Sciences, Bratislava, Slovak Republic
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Abstract. Italian representatives of the Cardantine
praiensis group were investigated using maorpho-
metric, karyological, and molecular (AFLP-fin-
gerprinting) analyses. Focus was on n:mlwng the
L'unnnmlc and evolutionary position of . gran-
- Piemonte (WW Raly) and of popula-
i central Italy, previowsly included in
w1 or C. pratengs =. ar. Results show
rranulose is A morphologically and
well defined diploid species, but iz
rare and restricted to a small area in
Central Italian populations differ from
ramilosa and C. pratensi s. str., and,
he marphological differentiation is not
-onounced, they show marked maolecu-
nce, suggesting recognition as a new
ardaming apenning. Becawse of their
distribution and diploid chromosomal
rerning and . gramuose may represent
quitc isolated lincages, whercas mtica-
liploid and polyploid level has affecied
lincages of the €. prafenss group.
hn cndemics are endangered duc io
habitat loss. A key for identification of
taxa of the C. pratensis group is also

AFLPs, Cardamine apennina, Cardamine
chromaosome numhers, morphametrics,

Polypleidy in plants is an important evolution-
ary mechanism and can have significant taxo-
nomic implications (Levin 2002). In recent
vears a number of studies have addressed
polypleid complexes using molecular tech-
nigues (e.g. Brochmann et al. 1992, 1998; Koch
2002; Widmer and Baltisberger 1999; Hedrén
etal. 2001). Polyploids are now considered
more dynamic and complex than formerly
envisaged. Polytopic and recurrent formation
of polyploids have been documented in many
cases, a5 well as subsequent complex evolution
of polyploid genomes including recombination,
gene silencing, and chromosome repattering
(Thompson and Lumaret 1992; Soltis and
Soltis 1999, 2000). To unravel the evolutionary
history of such complexes, therefore, requires
integration of morphological, karyologeal,
and molecular data.

The Cardamine pratensis group represents a
taxonomically problematic polyploid complex
exhibiting large morphological and karyologi-
cal variation (Lovkvist 1956). Based on previ-
ous studies, several diploid to high polyploid
taxa have been recognized in Europe, some of
them being narrow endemics, and others with
much wider distributional areas (Lovkwist
1956 TTrhancka-Worakiswier and T andal

Botanical Journal of the Linnean Society, 2105, 148, 101-116. With 7 figures

Allopolyploid origin of Cardamine silana (Brassicaceae)
from Calabria (southern Italy): karyological,
morphological and molecular evidence
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Received July 2004; accepted for publication Octol

Endemic Cardamine silana from Calabria (souther
found to be hexaploid. Morphological characters a1
tiation of C. silana from closely related taxa and to
the C. prafensis group was examined as cne put
sequences, along with other related taxa based on b
analyses of ive characters and i
tion of C. silana to two dipleids: C. geris from the
extent of morphological separation of C. silana fro
vardousige from Central Greece as closest to C. silc
a8 wall as pattarns of AFLF bands sharing, corrobe
parts an allopolyploid crigin of C. silana, with C. g
Pleistocene glacial events, because of the presuma
more humid periods at that time. @ 2005 The Lint
2005, 148, 101-116.

ADDITICINAL KEYWORDS: AFLPs — Apenni
protensis — C rap

tamnom)

INTRODNICTION

The genus Cardamine L. comprises several spe
groups with a high proportion of polyploids. F
section Cardamine, two of them, the C.amaro
€. pratensis groups, have been frequently studie
their European ranges in the past 50 years

Lavkvist, 1956, 1957; Marhodd, 1992, 1994, 1095, 1
1999; Urbanska et al., 1997; Urbanska & Lan
199, Franzke & Hurka, 2000; Lihovd, Marhol
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Taxonomy and eytogeography of Cardamine raphanifolia
and C. gallauecica (Brassicaceae) in the Iberian Peninsula
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Abstract. For a long time it was considered that
Cardaming raphanifolia & widely distributed with
several infraspecific taxa in the Mediterrancan
mgion. Recent studies showed that €. raphanifolia
& restricted to the northern Iherian Peninsula.
Cardamine galiaecica from NW Spain was regarded
to be closely related, but was originally regarded as
C. amara, and later described as C. raphanifolic
sbsp. gafsecica. In this study, we validate the
treatment of C. raphanifolia and C. pallgecica as
distinet specics, and show their clear differentiation
bascd on maorphometric and mokcular AFLP
analyses. Morcover, both species are  clearly
distinet from . mmmm subsp. pyremsea, which
has an overlapping distibutional range with C.
raphanifolia. Hexaploid (2n = 48) and octoploid
cytotypes (20 = 64) of . raphanifolia, and
tetraploid {2¢ = 32) and hexaploid (2n = 48)
cytotypes of C. gallascica were found. Due to their
weak marphological and genctic differentiation,
these polyploid raccs am not classificd as scpamitc
taxa.

Key words: AFLP {amplificd fragment lkength

Bittercress populations from the Pyrenees,
now named Cardamine raphanifolia Pourr.,
were already recognised in pre-Linnean times
as  Nastwrtium pyrengicum  aguaticun (Her-
mann 1698). Linnaeus himsell confused them
first with Cardamine chelidonia L. (Linnasus
1753) and later also with Sispmbrium pyrena-
icwn L. (Loefling 1758 vs. Linnasus 1759
1763). Thus, the first validly published and
legitimate name in the genus Cardamine refer-
ring doubtl is taxon is Pourret's
(1788) C. raphanifolia. This name, however,
remained forgotten for years. Untl Schule
(1903) rediscoverad it, this taxon was known
under a later synonym Cardamine latifolia
Vahl (e.p. Lapeyrousse 1813, Philippe 1850,
Rouy and Foucaud 1893, Willkomm [893,
Coste 1900).

Lavkvist (1956) detected that . raphani-
folia is hypohexaploid (2n = 44, 46; x = ).
Similarly, the only known chromosome num-
ter of ( ar{bmw' gaﬁauua {'\1 ]_mn./] Rivas

acali sme Sangerovym sekvenovanim a fragmentacnou
analyzou — AFLP v kombinacii s morfometrikou pocitanim
chromozdémov (Judita Zozomova-Lihova, Marian Perny)
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Molecular study of the Cardamine maritima group (Bras
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from the Balkan and Apennine Peninsulas based on amplified

fragment length polymorphism
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Abstract The amphi-Adriatic region, and es|
Western Balkan Peninsula, belongs to the most i
biodiversity hotspots in the temperate region. Nev
detsiled phylogeographic and melecular
in the Western Balkan are rare due to sporadic s
regions, where access has been, until recently, res:
war. The Cardamine maritima group, which is the
this study, comprises not only the currendy re
species C maritima and C. monteluccil, but alo o
which have been rendered io synonymy by me
national floras and checklists. Molecular data ace
the amplified fragment length polymorphism
showed a clear pattern within the group. Ttalian po
of C monrelieeil are well separsted from Ball
In a step forward from previous taxonomic ¢
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Kombinacia molekularnych
stala stadardom (Jaromir K
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Taxonomy and phylogeography of Cardamine impatiens
and C. pectinata (Brassicaceae)

JAROMIR KUCERA', JUDITA LIHOVA® and KAROL MARHOLD 5™
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The position of C pectinato, a ial taxon treated either as infraspecific to C. impatiens
or as a separate species, was studied. Forty-nine populations were sampled and used in multivariate morphometric
and molecular (amplified fragment length polymorphism) analyses. Our results showed that C impatiens and
. pertinata represent two well-differentiated taxa in terms of both molecular and morphologicsl data, and should be
treated as two separate species. We present the taxonomic conspectus for both speci he list of synonyms,
information on type specimens, morphological deseriptions, ecological characteristics, and distribution area. Type
specimens for several names are designated here. The detailed geographical distribution of C. pectinaia is presented
baged on the survey and revision of herbarium material. It covers the area from the Balkans through Turkey and the
Caucasus to [ran. As an introduction to the phylogeography of both species, the distribution of genetic diversity
within and between the studied populations and geographical regio vas assessed. In O pectingta, the highest
genetic diversity was observed in northern Turkey, suggesting the location of glacial refugia along the Black Sea
coast. Populations in Bulgaria were | verse, and this ares has most pru'vably been colonized postrlacially
C. impatiens, on the other hand, did not display clear phylogeogr: ical structure, most probably as a result of the
efficient spread and mixing between different colonization routes. {8 The Linnean Society of London, Botanical
oJournal of the Linnean Sociefy, 2006, 152, 168195,

ADDITIONAL EEYWORDS: amplified fragment length polymorp! — Balkan — Caucasus - chromosome
w Cruciferae — genetic diversity — glacial refugia — multivariate morphometrics — nomenclature —

attention has been paid so far to differentiation pat-
terns in diploids. Morphometric and molecular analy-
sog of the Balkan diploid C. acris have recently led to
the recognition of three subspecies in this area
(Perny, Tribech & Anchev, 2005h). Variation patterns in
the diploid populations of the widespread C amaro
reflect a rather recent isolation and divergence of pop-
ulations restricted to different Europesn mountain
which are now classified as subspecies (Lihovd
2000, 2004a; Marhold, Huthmann & Hurka,
. On the other hand, onguing studies on other
groups of diploid taxa, the Italisn-Balksn C. maritima
(J. Kuiera, J. Llhoxa & K. Marhold, unpubl. data) and
. glauca (Lakugi 006, indicate much more
pronounced diversification in terms of both merphology
and molecular markers than revealed in the above-
mentioned taxa and species groups.

eII as polyploid taxa up to high ploi ﬂ\' lew el
nted (reviewed by Lihova & Marhold, 2006).
everal detailed studies have been published
id complexes of Cordamine in Europe
is group: Lovkvist, 1956; Marhold, 1994a;
ki al_, 1907; Franzke & Hurka, 2000; Lihov,
Tribsch, 2003; Lihovd, Tribsch & Stue
marg group: Lovkvi Marhold, 1%
v, Marhold & Neuffer, 2000; Lihovd et al.,
aphanifolic group: Perny ef al., 2005a), less

: karol marhold@savba.sk

6. 152, 169195 169
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Abstract The only Balkan endemic of the genus Pleris,
Picris higpidissima, was studied in detsil using morpho-
logical and karyological methods. The species was shown i
be morphologically distinct from e closest tmxon, Picris
hrieraeioides, by the pectinate—ciliate indumentum of invo-
lueral bracts, dilatation of the peduncle, length of the outer
and inner bracts, and indumenum colour. Nomorphological
variation that would require taxonomic classification was
found within this species. Despite the diploid chromosome
number (2n = 2x = 10) being confimed for P. hispidizs-
iz, variation ofup to 9.5% in genome size was found. The
likely explanation for this vanation is hybridization and
introgression with closely related P. hieracioide s. The most
convincing evidence for this hypothesis is the detection of
plants with iwo clearly different DNA contenis arising from
a single capitulum found in the location where P. hispi-

Sciences,
Slovakia

g

of the Crech Republic,

24 Febrmary 009

Keywords Balkan Peninsula - Genome sze -
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Introduction

The Balkan Peninsula represents one of the most signifi-
cant biodiversity hotspots in Europe (Turrill 1929, Griffiths
et al. 2004}, and iz sometimes considered i be the most
important hotspot (Kryitufek and Reed 2004). This is due
© its long-term environmental stability, opographic and
climatic diversity, and by the fact that it acted as a glacial
refugium for at least ca 1.8 million years in the Quaternary
period {Tredakis 2004). Despite this richness, knowledge
of the flora of the Peninsuly remains inadequate. In par-
ticular, there is a lack of smdies that use cross-border
sumpling (challenging because of limited access in he past
years due to ammed conflict) and that apply modem kar-
yological andlor molecular methods to elucidate the
patterns and dynamics of plant biodiversity (however, soe
Mugnier and Siljak Yakovlev 1987: Bogunic et al 2003:
Siljak-Yakovlev et al. 2005, Park et al. 2006, Kryfufek
et al. 2007; Frajman and Owelman 2007).

Our study focuses on e western Balkan endemic spe-
cies Picris hiipidissima (Banl) W. D. 1 Koch, which is
among the less known species of the genus and is mor-
phologically similar to the widespread and polymorphic
species Pleris hisracioides L. In fact, the entire Mediter-
mnean represents one of the main centres of diversity of
Pieris, and is considered to be a plausible phylogenetic
centre (Lack 1974, 1979; Holzapfel and Lack 1993). The
genus comprises about 50 species (Chaudhary 20000, of
which approximaiely 24 occwr in the Meditermnean
{Greuter 2005-2007). Four species, namely P. hieracioides,

) springer

a morfologickych metdda sa
ucera) a pridalo sa aj meranie



Plant Sy= Eval (2011) 294:1-25
DOT 10100 7500606011 0438 3

ORIGINAL ARTICLE

Genetic and morphological variation in the diploid—polyploid
Alyssum montanum in Central Europe: taxonomic
and evolutionary considerations

Stanidav Spaniel - Karol Marhold -

Barbora Filovd - Judita Zozomovi-Lihovd

Recrived: 16 Sepember 2010/ Acceqt
© Springer- Verlag 2011

Abstract The genus Alvesum i
least known genera of te Brassic
study focusses on the Central 1
A monsamem, a species that is hij
to it morphology, ploidy levels
ments. Thiz variation is namrally
mecognised infraspecific taxa, an
with regards to their value and ci
amplified fragment length polym
as morphometric and flow-cytom
onstrate here that the varaton
cument taxonomic concepts held
support fhe division of te analy
following groupings: (i) the “core’
of the Central Europesn diploid &
{ii) the diploid "Swiss-SW Germ
the population from the type loca
the hexaploid A monimmem subs
venian and Creatian endemic s
origin; and (iv) the diplid "Serb
dunes of Deliblaiska Peflara A

Electronic suplemeniary
aricle (doi:10. 100 70060601 1.0438.
material, which is availsble to awhariz

Plant Systematics and Evolution (2017) 303:1443-1455
hitps://dol.ong/ 10.1007/500606-017-1470-3

ORIGINAL ARTICLE

@f.‘mstuk

The polyploid Alyssum montanum-A. repens complex in the Balkans:
a hotspot of species and genetic diversity

Stanislav Spaniel'*( . Karol Marhold'2 - Judita Zozomova-Lihova' ™

Recetved: 24 August 2007/ Accepted: 18 October 2017/ Published anline: 22 November 2017
© 5pringer-Verlag GmbH Austria 2017

Abstract

The Balkan Peninsula is an important diversity and speciation centre for many species groups. The high genetic. karyological

and morphological complexity of the Alyssim montanum-A. repens species group (Brassicaceas) in the Balkans makes it a

challenging study subject for exploring different speciation mechanisms and their taxonomic consequences. In the present

study, ploidy level and genetic (AFLPs and DNA ) data were ined and with recent
ic concepts. genetic and mor warigtion, which is often geographically structured. and high

incidence of polyploids sugge l.t a \ﬂery complex evolutionary history in this area, involving allopatric differentiation and

past hybridisation and p events. A new ic treatment. differing subl.tnnually from recent concepts,
is suggested. Se\ﬂernl m\z\rmu:.]y mcognised taxa, |||cluﬂ1ng many ics, such as A. i AL handelii, A
flendorfi . and A. wierghickii, ame as distinct. Several other taxa are suggested to be resur

rected or elevated tn the species level, namely, A. bosniacum, A. montenegrinum, A. reiseri and A. vernale. Phylogenetic
relationships among populations from the central Balkans and Greece are still partly blurred apparently due to more exten-
sive reticulations, and their taxonomic classifications remain provisional. They are treated here under the tentative name A.

xpnmgu The pallems of variation revealed in the present study highlight the importance of the Balkan Peninsula for the

and i ion of vascular plants.

frentiation - Balkan Peninsula - Carpathians - Disjunction - Polyploidy

and northern Evurope and the centre of endemism (Tzedzkis
2004; Stevanovic et al. 2007). A large part of the Balkan

Folia Greobot (2008) 43:83-117
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Research Article

Genetic and morphological variation in Fiela suavis s.l. (Violaceae)
in the western Balkan Peninsula: two endemic subspecies revealed

PAVOL MEREDA JR., IVA HODALOVA, JARDMIR KUCERA, JUDITA ZOZOMOVA-LIHOVA, DOMINIK R. LETZ
& MAREK SLOVAK

Irstitute of Botany, Slovak Academy of Sciences, Dishravska cests 9, SK-845 21 Bratislva, Slovak Republic
(Reoeived 23 March 2011; revised 10 June 20115 acoepted 28 June 2011)

The Balkan Penirsula, with many endemic species. is known 2s one of the mest impartant speciation and diversificatian
centres in Europe. Here, we present 2 siady of the western Balkan popalations of the polymarphic European species, V.
suvis 1., which huave been reparted under the name ¥ adriatic, bt their tawonomic stahes and position within the genus
have remained uncertain. Finla sugvis s.1. and nine close relatives sampled across Europe were subjected to molecular
{uq‘umnng of muclea ibosomal mtermal transcribed spacers and amplified agment lenyth polymorphism). karyciogical
analyses. O result d the presence of four allopatric, genctically and morphologically

d:ﬁn:rxlmd'llm.lgcs within V. sugvis =1, in Emu'pe which are sugpested here o be recognized 2t the subspecific ranik.
Populations from the western Balkans were segregated imio two distinct entities: (1) those from north-western Croatia

o the pm1mxs|ymmg'nxnd tmm, ¥ i s adriatica and (2] o fromm soutbern Dalmaia (southern
Croatia, southern Bosni; sih. are described here as V. sugvis subsp.
austmdalmaica suba-p mav. The ather 1wnlm=ag:s of I} suavis 1., which both harbour Blse- and white-Bawered
merphetypes, ocour in central and eastern Furope (¥ suavis subsp. suavis) md in north-sastern Spain (plants provisiomally
treated as ¥ muvis *Spain”). The AFLP and marphalogical data indicate gene flow between the nominate subspecies and
¥ suavis subsp. adriatica in a few localithes. The distribution of the two western Balkan subspecies is discussed and an
identification key to the ¥ sumvis subspecics in Europe is presented.

Key words: AFLP, Baw cytometry, ITS sequences, multivariate morphometrics, Fiala subsect. Fiof, western Balkans

tant European refugial areas (e.p. Petit ef al., 2003; Hewitt,

nportant centres of European and Mediter- 2004; Tzedakis, 2004).

@ most important mes-
iversity (Turrill 1929;
also recognised as an
il colonisation of central

line version of this
7.1470-3) contairs
0 muthorized wsers.

Peninsula belongs to the Meditermnean, which harbours
highly variable habitats with stable environmental condi-
tions over longer periods of time (Hewitt 2011; Nizto Feliner
2014). The Ballum Peninsula is n]so characterised by geo-
logical and ic divemity,
as almost TOF of its relief is formed by mountzins (Reed
et al. 2004). Environmental barriers, such as vast mountain
ranges ordeep valleys, contribute to the geographic isolation
of enzble the diversification and p
of infraspecific lineages and act as a trigger for allopatric
speciation (Thompson 2005; Neve and Verlaque 2010). This
is ible for the of phylogeo-
eraphic splits and the *efugia within refugis’ paterns recog-
nised by Gémez and Lunt (2007} for the Iberian Peninsula,
and later inferred for many taxa also in the Balkan Peninsula
{a.g. Kufera et al. 2010; Surina et al. 2011, 2014; Kutnjak
et al. 2014). The Balkan biota probably also benefits from its
geographic position in the centre of the Mediterranean and

&) Springer

“ty is the Balkan Peninsula (Turrill, 1929;
. rytufek & Reed 2004), which harbours
ad diversified fauna and flora (for exam-

i et al., 2004). Approximately 6530 plant
santed in the area, of which about one-
¢ (Horvat ef al., 1974; Polunin, 1997).
*5 diversity can be explained by several
wof this area {Pelunin, 1997; Reed et al.,
L ef al, 2008): (1) a geographlc position

Although the importance of the floristic and faumal di-
versity in the Balkan Peninsula has been long recognized,
its patterns and processes are still only weakly understood.
Until the 1980s, the biodiversity had been studied mainly
through marphology and karyelogy: Simce the 19905, there
have been an increasing number of studies that akso as-
sess the Balkan biota from the perspective of its penetic
variation {e.p. Krystufek ef al., 2007; Stefanovié et al_,
2008). However, there is still a lack of literature focusing on

f different fioral and faunal p :(2)
and topographically very diverse terrain,
=, pecdopical and edaphic complexity; and
high environmental stability throughout
ory — during the Pleistocene glaciations,
1sula served & one of the most impor-

Balk ics that use a combined approach of morpho-
metrics, karyology and moelecular markers. In recent years,
such studies have bean performad only in a few herbacaous
species groups — for example. Cardemine (Kofera e al.,
2008, 2010), Cosma (Kelargik e al_, 2010; Kolargik et al_,
in prep.). Pilosella (Singliarovi ef al_, 2011), and Feromica
(Bardy et al., 2010, 201 1).
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O study another rep ive of the herba-
ceous endemics of the Balkan Peninsula, Fiols adriatica

Kombinacia molekularnych a morfometrickych pristupov s
cytometriou sa osvedcila (Stanislav Spaniel, Pavol Mered'a
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with variation in breeding system: Patterns and processes
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;”;“;“m:';".;i Polytopic origin and scale-dependent spatial segregation

tavonomwy and spec; of cytotypes in primary diploid-autopolyploid contact
morphalozy. sty Z0Nes of Pilosella rhodopea (Asteraceae)

analyses (UPGMA BARBORA SINGLIAROVA+*, JUDITA ZOZOMOVA-LIHOVA! and PATRIK MRAZ:

clusters correspond

P. sarbica (Serbia ¢ ‘Plant Science and Biodiversity Centre, Slovak Academy of Sciences, Dithravskd cesta 9, 845 23,

amaong 357 plants a Bratislava, Slovakia

pentaploids of P. al *Herbarium and Department of Botany, Charles University, Bendtzka 2, 12801, Prague, Czech Republic
complex cytogsogr

recarded in P. rhod: Reveived 20 September 2018; revised 20 November 2018; accepled for publication 29 November 2018

a clear morphologic

origin ofall studied

cally froma hﬂ_n'd Populations of sympatric dipleid and autopolyploid cytotypes provide a unique opportunity to study early stages
mdgn;tmngl} = of pelypleid evelution. Pilosells rhodopea is a diploid-autopolyploid complex forming frequent mixed-ploidy
sometimes iraxted ¢ populations, most probably representing the largest primary contact zone documented so far in angiosperms. Our
“’“T_s polymerph aimgs were to elucidate: (1) the origin of autopolyploide (single va. multiple); (2) cytotype distribution patterns at
evolurianary and o various spatial scales; and (3) potential ecological differentiation of the cytotypes by measuring several habitat

tazonomic circums

variables along two elevational lrs.nsel:ts In total, five cytotypes were found across the species range. Triploids were

nend (R £20%) and tetraploids (15%), whereas pentaploids and hexaploids were

" h amplified fragment length polymorphism and cytotype distribution

yploids and frequent intereytotype gene flow. Cytotype diversity and

ale dependent. At a local seale (8 m = 5 m), cytotype co-occurrence

= 1 m) were cytotypically more homogensous. We did not find any

cytotypes. Our results show that P rhodopea is a rare example of a

jand ongoing pelyploid formations in primary contact zones. Recurrent

reytotype gene flow among spatially close cytotypes might explain, at
bty pes.

ent length polymorphism — aneuploidy — autopolyploidy - cytotype
populations — primary contact zone — recurrent polyploidization —

ie still an ongoing process in many plant groups
(neopalyploidy) (Scltis, 2004; Van de Peer ef al., 2009).
Within genera, different ploidy levels often represent
separate taxonomic entities (species, e.g. Soltis ef al.,
2007; Cataldn ef al., 2012; Barges ef al., 2012; Dantdik
et al., 2012); however, intraspecific ploidy variation
also appears to be a rather comman phenomenon (Rice
et al., 2015).

Mixed-ploidy populations harbouring two or more
cytotypes cccur when polyploids emerge directly
within a diploid or lower-level palyploid population
(primary contact zone) or when previously para- to
allopatric distributions of different cytotypes overlap
owing to a range expansion (secondary contact zone;
Petit ef al., 1000; Koldf ef al., 2017). Coexistence of
several cytotypes might be only a transitional stage,

" owrnal of the Linnean Socisty, 2019, 126, 360-379 I60
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To reveal the general cytogeographical pattern of Cyonus section Profocyonps in Europe, DNA ploidy andfor
chromosome numbers were newly examined for 160 populations by flow cytometry (450 plants) and/or chromosome
eounting (30 plants). Furthermore, previously published karyological data were revised (236 records). Our analyses
confirmed chrnmusame counts of Zn for all Mw]\' m\-l:-éhgawd samples of Lhe C. triwmfetti group (the records
for . are ip and C. ; 2n =44 for C. montanus
20 for C. lingulatus, C. nap T, C. nizsanus, C. orbelicus, c thirkei, C. tuberosus and

Keywords: Aseracese, Cyanus sect. Perenne
Pannonia. taxonomy, Western Carpathians

Introduction
C. velenovskyi. The chromosome count of 2n = 20 is the first report for C. epirotus. The cytotype 2n = 40 was newly
The Cyanus riumfetti group is one of the many s recorded for the Crimean endemic C. fuscomarginafus and Calabrian and Greek populations of C. graminifolius.
cated aggregates of perennial knapweeds in the : The cytotypes 2n = 20 and 2n = 40 were confirmed for C. pindicola. For the first time triploidy (2Zn-3x-30) was
raregates !

found in . nissanus, C. thirkel and in a newly discovered hybrid, C. epirofus « C. grominifolius. Two contrasting
* ecogeographics] patterns emerged: cytotypes derived from the base chromostme number x = 11 (2n =22, 44) are
widespread in northern latitudes and ecologically diverse, whereas cytotypes with x =10 (2n =20, 30, 40) are
confined to mountains in southern Europe. In general, tetraploide have smaller ranges than diploids. The new
combinations Cyanus section Profocyanus (Dobroci) Oliavekd comb. now. and Cyanus fernopoliensis
(Dobroce ) 0l2avakd comb. nov. are provided. @ 2013 The Linnean Society of London, Hotanical Journal of the
Linnean Society, 2013, 173, 230-257.

ADDITIONAL KEYWORDS: Centauren — numbers — Ci itas - cytotaxcnomy — environ-
“mental conditions — flow cytometry — polyploidy.

INTRODUCTION composed of 45 perennial species (Table 1). The ssc-
B Cyanus Mill. [sometimes treated as Cenfourea L. }:o;:u:r]: nlﬂ\'?]tiemtn;ﬂfxﬁ]?gnpﬁz n;oemﬁ
section Cyanus (Mill) DC is confined to the Old | .

have the ‘Monfang’ pollen type), but also differ i
‘World and includes 25-50 spedes depending on taxo- ve the ‘Montana’ pollen type). but sls o

N nomic classifieation (Dostdl, 1969; Hellwig, 2004) The  poriant life-history fraits (Wagenitz, 1955). In
& ber of ti to i annuals the variability in base chromosome number
number of species continues to increase 88 meW 5 g 1) 5. Wagenitz & Hellwig, 1906; Bancheva,

ies have recently been described (Bancheva & ) " -
;Pt:'nm\', 2009; |<.aya3 & Bancheva, 2009). The genus :?s?' ZGDE’_“‘E‘;:E:‘“ ?iﬁh 233016:“ ':‘;ﬂ"’:;‘:hﬁ
has If:een dn'\ﬂeld into C\\:m:s section Cyonus ::Dontam tendency towards inereased selfing, rapid gain of
]u?fus }]ejoinrf:‘cu;\ ?]:\fk:nm?ﬂ::: [s::en?‘n I'DIPC)‘I reproductive Jsu.]ahon and fixation of kal}nt\rpuc
changes. F have a
breeding system (Gonnet, 1903; Olzaveki & Lnse'r
:‘Ccrmpnnding nuthor. E-mnil: kntarina clsavska@savha sic 2013) and often reproduce vegetatively by stolons or

@ 2013 Tha Linnoan Scciaty of London, Bofanical Journal of the Linnean Society, 2013, 173, 230267

Rody Pilosella a Cyanus priniesli nove vyzvy a potrebu
odlisnych pristupov (Barbora Singliarova, Katarina

Skokanova)



)
N s

Bielnvasions Records (2020) Volume 2, Issue 4: 670684

Rezearch Article

Tracking the expanding distribution of Selidage <niederederi (Asteraceae)
in Europe and first records from three countries within the Carpathian region

Katarina Skokanova', Barkora Singliarova’s, Stanislav Spaniel'?, va Hodalova' and Pavol Mereda Jr.'

Inshifute of Batany, Flant Swence and Blodiversiy Cente, Siovak Acaemy of Sciences, Dibrayska cesta §, SK-848 23 Bravislava, Slovakia
“Department of Bofany, Fam'ijrm'saeme munm-:y Benaiska 2, CZ-125 01 Prague, C2echia

Hoorrarp md_wg auther

Ciintion: Shokemoa K
Spaniad 5, Hodalova I, :Ir?"‘[ti".'l]
sepanding daiibasion of

o sshederedir (Astaracas)
Em:[lzomﬂﬁntmﬂ:h —
o within S Capathian mgion.
anm\ms Records M ﬂ-ﬂﬁ
35 M0 -]

Farcetved: l!iMa_\'!l}ED

Accepied: 24 Angest 020

Publiched: 20 October 2000

Thematic editor: Stalios Easamaakis
Copyright © Skolonma gtal.

Thin e s i B e rem

ihnstion Lo
al - CC BY 4.0)

OPEN ACCESS

Sholcamora gt al. (2020, Mefrrarions §

Novou témou su invazne rastliny

ra_singilarovai@ savba. sk (B8), sanislov_spam ch@aaeba.sk (55,

Abstract

Besides the well-known negative effects of mvasive plant species on autochthonous
plant communities, the breakdown of genetic imtegrity of indizenens species via
alien-to-native hybridization reprezemts an additional direct threat to native flara
which sheuld not be underestimated. Cror aim was to survey the current distribution of
Salidago =niedereders, a hybrid that has originated throngh spontansous bybridisation
berween the native European 5. virganrea and allochthonous (North Amernican)
5. canadensis. Althoush this hvbrid was first recorded at the very end of the 19™
CERMITY. most ocourrences have been reported during the kst decades. It &= only known
1o grow in Europe apnd its curent distmbation is still not well explored. Based on
field research in the Carpathianz, we list five new localities of 5 =nisderaderi
which represent the first records of this bybrid in Slovakia, Hungary, and Fomania.
The prasent paper documents existing reperts from 200 zites in 17 European counmiss.
We provide a defailed list of all records from the literature, freely available dambases
and webpages as well az a summary map of 5. =niederederi' s known dismbution
In addition, records are analysed regarding a time confext and habitat preferences.
Finally, we discuss a potential threat that the hyvbrid could pose to the gemefic
integrity of the native European populations of the Solidogo vinsqures complex.

Key words: plant invasion, hybrid, Solidago canadensiz, new chorological records,
TANEE EXpANsion

Intraduction

The worldwide distributed genus Solidago L. includes 120-133 species.
North America, with the occurrence of roughly 150 Solidage species and
infraspecific taxa, is considered to be the centre of genus diversity (Nesom
2000; Semple and Cook 2006; Semple 2020). The genus is divided into two
sections, S. sect. Solidago and 8 sect. Parmicoidei (House) Semple &
Gandhi. The first section is taxonomically complex, rich in species and
further subdivided into eleven subsections and one nothosubsection, while
5. sect. Ptarmicoidei includes only 7 species and is not further subdivided
(Semple and Cock 2006; Gudiinskas and Zalneravitius 2016; Semple
2020). In Europe, only 5. sect. Solidago is represented in nature by the

Records 3¥)c 670684, https://dod org/10.332 1 bir 2020.5.4.02 670
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Relative DNA content differences reliably identify Solidago =niederederi,
a hybrid between native and invasive alien species
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Lenka Martonfiovi’ & Judita Zozomovi-Lihova'
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*cormesponding author: harbom. sing liarov aésavba sk

Abstract: Hybridization hetween native and alien congeners may pose a serious threat to
biodiversity and negatively affect native flora. Here we study Solidago =niederederi, which
originated and became established in Eumpe a5 8 mesult of a cross between the alien
5. canadensis and native 5 wrgawrea. The recent increase in the number of records of
5. xniaderaderi in Europe has highlighted theneed to monitor its occurmence, s pread and behay-
iour. In the present study, we tested the effectivencss of flow cytometry for detecting hybnd
plants of & xniederederi. Sequences of the ITS egion of nrfDMNA and the rpS15-yofl spacer of
cpDMNA were used to confim the hybrid origin of analysed plants and to identify the maternal
specics, Our study included 60 single-specics populations of 5. conadensiz, & giganfen and
5. virgawrea, and 16 mixed populations with the presence of hybrid 3 xniadereder sampled
from six countries in central Europe and adjacent areas. All individuals of & canadensis,
5. xmiederederi and 8 virgawrea investigated were diploid (2n=-2x~1 ) but differed intheir nel-
ative DNA content values. The DNA content of 5. xniederaden was intermediate between
5. canadensiz and 5. virgaurea with no overlaps, with the differences hetween the species being
statistically =i gnificant. Th:r:frm: we cnm]ud: t.ha Flowe C}tmmtr_\- iz ar\:hahk and cﬂ'lc:lcnt
method for detad i 3 fi k

ing non-floweri
varied only negl
graphic scale.
alarge extent ea
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Pervasive Introgression During Rapid Diversification of the European Mountain

Genus Soldanella (L.) (Primulaceae)
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Absatract.—Hybridizationis a key mechanism involved in Eneage diversification and speciation, especially in ecosystems
that experienced repeated environmental oscllstions. Recensly radiated plant groups, which lave evolved in mountasin
eosystems impactid by historical climate chamge provide an ecellent model syetem for studying the impact of gene
Bavw on speciation. We combined organellar (wholeplassome) and michear genoimic dats (RAD-seq) with a cytogenetic
approach (rDNA FISH) o investigate the effocts of hybridization and introgression on evolution and speciation in
thie i Soldenells (snowbells, Primlacese). Pervasive inthogression has alvesdy ocourred among ancestral Brneages
of snowbells and has persisted throughout the etire evolutionary history of the genus, regandless of dee eoology,
?w!yp-.- or distribmaticn range size of the affected species. The highest exent of introgression has been detected in the

“arpathian species, which is also reflected intheir cxpensive karyotype variation. brogeession cocurred even between
species with dysphoid and euploid cyvotypes, which were considered to be reproductively isolated. The magnitude
of imtrogression detected in snowbells is anprecedented in other moudntsin genera of the Eumopean Alpine System
inwestigabed hithero, Our study stresses the promminent evolrtonary rode of hybridization in facilitating speciation
aned diversification on the one hamd, but also enriching previously isolated genetic pools. [chloroplast caprure;

diversification; dysploidy; Buropean Alpine system; introgression; nucear-cytoplasmic discordance; flosamal DNA|

Hybridization is a key evolutionary process shap-
jné diversification ar fintion rmm {'wl!ta
il Soltis 2000 Taylor and Larson 2009; Micte Feliner
et al 20200, Recent methodological developments
allowed uncovering  mumerous, often  unexpected,
cases of hybridization and in ion (Mallet 2007;
Whitney et al, 2000; Abbott et al, 2013, 2016; Mallet et
al. 2006; Taylor and Larson 20049). Identification of his-
torical hybridization in various groups of organisms
has opened avenues to investigate the Jong-term con-
sequences of gene How in evolution, incleding hybrid
speciation (Creg et al. 2002; Harris and MNielsen 2006;
vonl oldt et al. 2016; Taylor and Larson 20149), adap-
tive introgression (Choler et al. 2004; Suarez-Conzalez
et al. 2018), but also adaptive radiation (e, Meier et
al, 21!1:"]' A direct consequence of speciation induced

gemmn mosaicism (Jiggins et
zuuaﬂ ’nw ta]ly increased allelic diversi

of introgressed populations can faclitate their adap-
fation to novel and challenging environments, ence,
this mechanism can directly trigger the emergence of
mew species and fuel adaptive radiations (Pease ot al
2006; Meier et al, 2007). On the other hand, excessive
introgression can reintegrate previous] tod gone
poals into a single biological entity, .uf',I =éQ.LE?I1.111:'|c;1f:’1-
ing diversiication (Bog et al. 2007; Keams et al. 2018).

y extrinsic triggers facilitating hybridization are
dynamic changes in the environment, which enable pw-
viously a]lupatm populations to shift their ras :ﬁ
O ko contact (Stebbins 1965).

ighly diverse, forming steep altitudi-

mal =] wﬂ%mm of niches with specitic
microckimates and Such fine-scale, ecological-

Iy-heterogeneous systems promoke secor conkacts
Ma"-yal]npqm-jrmpamgh-jx aned hence
provide ample opportunities mene exchange leg,.,

491

a3 SLOVAK ET AL HYBRIDIZATION IN SOLDANELLA 493

B S. alpina ssp. canfabaca

n S, alpina s5p, alping

l_?_l S5, minvma §5p. samnibca E S pusilla ssp, pusila

8 5. angusts © s casbvela
A2 s hunganca @ S msjor
@S mantana ssp. gubalowkae @ S. aveodoxa
@ S. rugose @ S. sacra

B S minima ssp. minima [l S. minima ssp. austaca
Iz S, pusia ssp. apicols

Q S. chrysosticts

0 5. mantana ssp. montana
0 S. rhodopaes

@ s. vitosa

@ 5. csmatica
w 5. manmarossiensis
® s pindicols

. S rabricala

P 1. valmmpdwmmdmd\cpmwmdy Taxa specialized in alpine zone are represented by squares, while
! by arcles.

spociess that grow in forests or have a large

dysploid cytotype, whereas the dashed Bine denotes species

‘The bold fine on the symbol species with a

1 depicts
I ‘bobc.... hyletic through inferred tree analyses (Supplementary

Fags. S2 and SX)A Photos with their credits from left to nght: S. alpime

(]atumirKn&n JK), 5. muimims subsp. mirims (JK), 5. sngusta

(EliZka Chérovi Stubfiovi), S. carpatics (Marck Slovik), S. pimdicolz (JK) and . villoa (X).

Preparation of sm?le-dtgcst RAD libraries followed
a protocol adapted from Brandrud et al. (2017). The
starting amount of genomic DNA was 120 ng per indi-
vidual. Considering genome size (1C = 1.5-20

Stubiiovi et al. 20]‘;, 48 barcoded samples were poom
together in one library. Final libraries were sequenced
on an Tlumina HiSeq 2500 at the sequencing, facility of
the Vienna BioCenter Core Facilities (VBCF; htps://

www.viennabiocenter.org /) as 100 bp single-end reads.
Individuals with less than 1.5 million high-quality reads
were re-sequenced.
Tiltering SNPs from RAD-seq Duata
Raw Miumina reads were demultiplexed in two
steps, first using BamindexDecoder v.1.03 of the
Picard lllummaZEam package (http://gql.github.io/

Zaviedli sme metédu RAD-Seq (Marek Slovak, Andrea
Melicharkova, Adam Kantor a d’alsi)
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Evolution of hygrophytic plant species in the Anatolia-Caucasus region:
from phylogenomic analyses of Cardamine perennials
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« Background and Aims Southwestern Asia is a significa
for many plant proups, especi
ficatica of its hygrophytic flora. To fill this gap,
lands over a wide altitudimnal range. We zn-ml 1o elucidate

¥ )
phometrics to a total of 85 Cardamine populaticas from the
four to six species, and supplemeated thea with close relat
+ Key Results Five diploids are recognized in the focus

e o i, C. lenera, C. lazica

Black and/or Caspian
Lebanoa 2nd Iran (C.
data suggest recent speciation during the Pleistocene, ik
and ecological divergence. With the exception of a single
wiedemaaniana, an endemiic of souther Turkey, f10 sigaif
were observed. Genetic variation within the studied specie:
due to geographic and ecological barriers, but also glacial
« Conclusions This study highlights the importance of th
both harboaring and generating hygrophytic species divers
cance of evolutionary finks between Anatciia and the Balks
2 minor evolutionary role bere in contrast to the European ¢

. Candamin

Key words: Allopalyploidy, Anatolia, Caucas
flora, phylogenomics.

INTRODUCTION

Southwestern (SW) Asia is a significant centre of biodiversity
in the Northern Hemisphere, located at the junction of three

c regions, the Euro-Siberian and
Irano-Turanian (Mittermeier et al, 2011; Noroozi, 2020).
Thanks to its complex topography and geology., diverse climate
and a strategical crossroad position, it has acted as both a cradle
of diversification and a migration corridor (Manafzadeh et al.,
2014, 2017 Noroozi et al.. 2018, 2019; Noroozi, 2020). Many
vascular plant genera and even families (including Brassicaceae:
Franzke ef al., 2011) are thought to have originated and diver-
sified in this area, as also supported by recent phylogenetic
studies (e.g. Koch et al, 2017; Ozudogru and Mummenhoff,
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Allele Sorting as a Novel Approach to
Resolving the Origin of
Allotetraploids Using Hyb-Seq Data:
A Case Study of the Balkan Mountain
Endemic Cardamine barbaraeoides
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o Shimi bnateug. Mountains of the Balkan Peninsula are significant biodiversity hotspots with great
Uiy of P S spacies fichness and a lange proportion of narmow endamics. Processes that have driven
the evolution of the rich Balkan mountain flora, however, are still insufficiently explored
and understood. Here we focus on a group of Cardamine (Brassicaceae) perennials
growing in wef, mainly mountainous habiats. it comprises several Meditermanean
endemics, including those restncted to the Bakan Peninsuls. We used target
Spocialty section:  ENIChmant with genome skimming (Hyb-Seq) to infer their phylogenetic refationships,
Thisarticlewas mbmitied & and, along with genomic in situ hybridization (GISH), to resobe the orgin of
b’"%";"’;"f::;;zi tetrapioid Cardaming barbaraaoides endemic to the Southern Pindos Mis. (Groace).
Frontersin Plnt Ssence. Wi 8lS0 axplored the challenges of phylogenomic analyses of polyploid spocies and
PRocaivod: 27 Jaruary developed a new approach of dlele sorting inte homenologs that alows identifying
subgenomes inherited from differant progenitors. We obtained a robust phyloganatic
reconstruction for diploids based on 1,168 low-copy nuclear genas, which suggested
bath allopatric and ecological speciation events. In addition, cases of plastid-nuclear
discordanca, in agreemeant with divergent nuclkear ribosomal DINA (nrDNA) copy vanants
in some species, indicated fraces of interspecific gene flow. Our results ako support
biogoographic links betwean the Balkan and Anatolian-Caucasus regions and illustrate
the contribution of tha latter region to high Balkan biodiversity. An allopolyploid origin
was inferred for C. barbaraeaioss, which highiights the role of mountains n the Balkan
Peninsula both as refugia and melting pois favoring species contacts and polyploid
evolution in response to Pleistocene climate-induced range dynamics. Overall, our study
demonsirates the importance of a thorough phylogenomic approach whan studying
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Phylogenetic challenges in a recently diversified and
polyploid-rich Alyssum (Brassicaceae) lineage: low
divergence, reticulation, and parallel polyploid speciation
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Abstract
Eletsting the auolon of racanty aiverged and PONRIGIIG Bant inBages may oo Cralngag cuen Wit AgY
Jor okogcal rezsons and blonformati Mo, Here, we apply target envchment wit i genome skimming i H\D-fql to unravel tne
evolusionary Nistory of the Alyssum montanum-A. repens spacies econaion o phylogeneti relabonships In dipioids supportad
racant and rapid dversiication sca:rrpar\=d by reticulation events. Of the 4 main cladas dentified among the dpicids, 3 cadss Incudsd
Specias fram 1 ARG ApGTng, 270 Salan PANTELIE, MOCSTNG cio=2 iogSbgraprie NS BSTWoGn Mess ragrs. We e focised on
tne clags dstributed from the Westem Alps to the Ibsrian Peninsiia. which Comprises nUMErous palyFOKs 35 opposed to 3 faw diplokds.
Using @ recanty devaloped PTyioSD) [ANyI0GENOIC SUDGENOMmE QeTection] Apane, We SUCCESSTully DS0ed the e v polypioKs.
We iterrad multple polyploklization euerts That nvoived 2 clossly reisted dplcd progeniars, resuing Inta several i palypol
polypiokis and 6 sopolypioics. The Skewed PTOROMONS of Major oMeciog-types and (e CCUTTENCE Of SOME MinGT homeoiog-ty 2
Exnibing geographc patas. suggest IrIr:\gresscn “with the progenitors and ather related dipioks. Our study highights @ uikgue case of
parsilal pOYFCi Spaciation Tt Was ennanced by eccioice 3N QeogrEphic SEPSration and provies 51 eXCelent resCuICe for TELTe studies
of pohyaloid evoution.

Keywents: Alyssum, Gressicacese, pyogenomics, polypioicy, reticulation, laret enfchment

chput sequencing,

Intreduction
Recently and rapidly diversified plant lincages present chal-
lenges for both taxonomic and cvolutionary studics. They
often form species complexes with problematic species delim-
itation and difficulties in resolving their relationships and
cvolutionary history. Reasons include low levels of penetic
and morphological differentiation among taxa, incomplete
lineage sorting (ILS), and permeable reprocuctive barriers
with persistent interspecific gene flow, all of which can blur
species boundaries, cause pene tree
cate phylogenetic reconstructions eve
(Fernindes-Marmecos @
Larsidon et al.,
Muoreover, polyploids h(\]‘llunh' arise in such speci
plexes, further increasing their evolutionary and taxonomic
complexity (Brandrud et al, 2020; Frajman et al., 2016;
K:mmmuzl nzilez et al., 2021; Tomasello
& Oberpricler, ). These can be autopolyploids formed
through genome doubli m a single progenitor spocics, or
allopolyploids, which combine different genomes via hybrid-
ization (Soltis ct al, 2003). Recurrent |\:|||~|n|d formation,
gene flow between related, independendy arisen (sibling

polyploids, and genome evolution after polyploidization are
commonly observed in polyploid lmeages and contribute to
their c-\ciall diversity and evolutiona Y wmp\um '\luc

e remking from 115 while incorporating hybidizat
andior polyploidy have recently emerged and appear promis-
ing for addressing such evolutionarily complex lineages (Rlair
20; Solis-Lemus & Ane, 2016; Thomas e al., 2017;

Yan et al,, 2022}
zation :m.i polyploidy are pervasive evo-
: tion |§U¢nh.u. & Wﬂhs

-t
al., 2018; Bows
Mayrosc et al.,
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Data and text mining
MorphoTools2: an R package for multivariate
morphometric analysis
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Abstract

Summary: The packege MorphoTools? is intended for multiverate snalyses of momphological data. Commonly
used tools ere missing or scattered somss several R packepges. The new package, in order to make the workflow con-
wenignt and fast, wraps evailable statistical and graphical tools and provides & comprehensive framewo ik for check-
ing gnd manipulgting input date, core stetistical enalyses and & wide palette of functions designed to visualize
results.

Availability and implementation: Sible vemsion 8 eveilable from CRAMN: httpayicran.r-projectom/packages
MorphoTools2. The development version i svailable from the following GitHub repository: hitps:yigithu boco myd

MarekSlenke fMorphoTools2. The software s distrbuted underthe GNU General Public Licence fe.3)

Contact marek slenker@savbask

Supplementary ifformation: Supplementary dets sre svellable st Biofmbmmatics online.

1 Introduction

Sysematcs 2ims o ondersmnd die svolosonal hisory and reflecr it
in hislogical classificarion. Recens progress in molecdlar and genom
ic methods has enshled us 1o study deeper and finer phylogeneric
relarinnships, bar regardles of the merhods wead, dassificadiaon
hased on maorphology is cragal for many applications hecanse @
givesns the ahility o densify hiolagical enriries.

Multivariae maorphomerrics represanrs & wide spearom of
meshodological approaches aimed ar evaloaring pamerns of mar
phalogical variation on the hasis of simakaneous analysis of mal
riple variables (Marhold, 2011 and references thersin). Srarisrical
fanaions used for analyzing makivariare morphological data are
missing or scarmmered in makiple packages, bor a single package
connecting all nesded analyses, and providing rook for daraim
por, export, manipoladon and visnalization is missing. Asfaras
we know, the anly amempr to connecr all necessary funaional
ities using B was publshed as a ser of fancdoms named
MarphaTaals (Koareckf, 2015). The MorphaToals2 R package
is narher an extension nor a mere version updae. Althoagh the
naming of many feamres was inspired by the earlier
MarphaTaals fancrions, the MorphoTook? package is 2 stand
alone implementadon providing a new archirecrore, more fea
rares and a simpler workflow.

2 Description

2.1 Data import, checking and mani pulation

Diara can be impomed from rexr files asing rhe raad . morphodata
funcrion of a predefined formaz The first chree columns define the
hierarchical sracrare of the dara, namely levels of individnak, popa
larions and rava, anabling rhe forther grouping of individeak inm
ERGNOME Wi,

Descripeive smristics and bosplots are afen wead o gain a firss
ingi ght inro. marphol agical di ferences heswesen rasa. The normaliny
of the distribarion of data can be assessed numerically ar graphical
Iy, and characters thar deviae mos from a normal disribarion can
be rransinrmad ro improve their distribarion. Darases commanly
cnmain missing valoes, har a foll marrix is needed by most of the
funcrions. Thenefore, fangions for summarizing e distribagion of
missing data, removing samples or morphological characers and
replacing mis sing valoes by the population averages of the nes peaive
characers are provided in onder to make the damser ready for
dowrsrream analyses.

2.2 Statistical analyses
Tnegrared statsrical merhods can e dividad inm dhose ussd dor gen.
erating hypseheses and those used for their esting. Fieranchical
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