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The genus Rosa (Rosoideae, Rosaceae) revisited:
molecular analysis of nrITS-1 and atpB-rbcL intergenic
spacer (IGS) versus conventional taxonomy
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Sequences of the nrDNA internal transcribed spacer 1 (nrITS-1) and atpB-rbcL intergenic spacer (IGS) of the cpDNA
were analysed for all sections of the genus Rosa L. (Rosoideae, Rosaceae) to study molecular infrageneric taxonomy
and relationships of Rosa with respect to conventional taxonomy based upon morphological and anatomical data as
well as phytochemical characters. The results suggest that Rosa in its traditional infrageneric circumscription is not
reflected by molecular data. Cinnamomeae, Carolinae and Pimpinellifoliae are not monophyletic based on the molec-
ular data and this is mirrored in conventional taxonomy that separates these sections by weak morphological
characters such as sepal performance, existence of bracts, and number of flowers per inflorescence. Section Pimp-
inellifoliae is split by the monotypic sections Laevigatae, Platyrhodon, Bracteatae and Hesperhodos. Section Caninae
is a natural allopolyploid group characterized by its autapomorphic ITS C-type and Canina-meiosis. CpDNA sub-
divides sect. Caninae into two natural clusters of eglandular and glandular species. NrITS shows sect. Synstylae/
Indicae to be the direct sister group to sect. Caninae, not Rosa (Gallicanae) although both groups are morphologically
characterized by pinnate sepals. From our molecular data sect. Indicae and sect. Synstylae are consectional. The
highest taxonomic rank below the generic level should be the sectional status. © 2005 The Linnean Society of Lon-
don, Botanical Journal of the Linnean Society, 2005, 147, 275-290.
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INTRODUCTION Pimpinellifoliae (DC.) Ser. 1825; Rosa (= sect. Gallica-

e e nae (DC.) Ser. 1825); Caninae (DC.) Ser. 1825; Caroli-
Rosa L. is distributed throughout the temperate and nae Crép., 1891: Cinnamomeae (DC.) Ser. 1825;

subtropical regions of the Northern hemisphere (Reh- g ) .10 " 'nc 1813, Indicae Thory, 1820; Banksianae
der, 1949). The genus comprises about 200 species and Lindl, 1820; Laevigatae Thory, 1820: Bracteatae
the taxonomic treatment of the highly diverse group is " - S .

. . . . Thory, 1820. Since the lectotypification by Britton &
complicated due to biological phenomena in reproduc- Brown (1913), R. centifolia L. from the former Galli-
tive biology, insufficient morphological and anatomical . P ) . . .

L . canae is the generic type. However, this typification
characters to adequately discriminate between species has been disputed (e.g. de la Roche, 1978: Rowley,
and the human 1.mpact by rose breeding (Wlssem?nn, 1992) but the proposal to replace this typification by
2003a). Conventional taxonomy (Rehder, 1949; Wisse- . .

R. cinnamomeae L. as been rejected by the nomencla-

mann, 2003a) divides the genus into four subgenera, tural committee in Tokyo 1995 and again in Saint

three of which are monotypic or contain two species: . e . .
. L 2000 and th . centifol till th lid
Hulthemia (Dumort.) Focke, 1888, Platyrhodon c}(l)(l)lilcse an us R. centifolia is st ¢ val

(Hurst) Rehder, 1940, Hesperhodos Cockerell, 1913 Since roses have been of great influence on human

and Rosa. A ff)urth sgbgengs .Rosa. harbours a.b ou‘? cultural evolution, the earliest attempts to classify the
95% of all species and is subdivided into ten sections: genus date back to the 16th century, when roses were
treated either as wild or ‘gentle’ species and were addi-
*Corresponding author. E-mail: Volker.Wissemann@uni-jena.de tionally divided based on petal colour (Wissemann,
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2000). This was accepted until Linnaeus (1753, 1772)
classified all species of Rosa known at that time,
mainly on the shape of the hip. Willdenow (1811)
introduced the presence and form of prickles as well as
the indumentum and occurrence of glands as taxo-
nomic relevant characters. From then on, the number
of described species increased rapidly into several
thousands (most prominent Déséglise, 1877; Gan-
doger, 1892) mirroring uncertainty about the diversity
of roses rather than insight into evolutionary pro-
cesses (Wissemann, 2003a). Delimitation of species in
nature, as indicated by natural populations, has been
a problem in roses for a long time. Introduction of dif-
ferent gene pools by replanting of disturbed or pro-
tected areas is one of the most serious problems for
conservation genetics. Herrmann (1762) claimed that
horticulture had merged the species so that they
would be no longer recognizable. He also pointed to the
shortage of phenotypic characters that delimit deter-
mination. This lack of characters has been the source
of several attempts based on different markers to get
insight into phylogenetic relationships within the
genus. Debener, Bartels & Mattiesch (1996), Matsu-
moto & Fukui (1996) and Millan et al. (1996) used
RAPD markers or RFLP studies (Matsumoto, Wakita
& Fukui, 1997) to elaborate the phylogeny of Rosa.
Sequence data from matK and nrITS have been inves-

tigated for their ability to resolve the phylogeny (Mat-
sumoto et al., 1998, 2000; Wu et al., 2000, 2001) and
Grossi, Raymond & Jay 1998 and Grossi et al. 1999
investigated biochemical data (flavonoids and isoen-
zyme polymorphisms). However, results of these
investigations remain contradictory due to the small
sample of investigated taxa and the inadequate
resolution of the markers, which in most cases were
also not discussed in the context of morphology, dis-
tribution and other sources of evidence. We applied
sequences of the nrDNA internal transcribed spacer 1
(nrITS-1) and the cpDNA marker: atpB-rbcL inter-
genic spacer (IGS) to study molecular infrageneric tax-
onomy and phylogenetic relationships among Rosa
with respect to conventional taxonomy. The results are
interpreted in a broader context of evolutionary biol-
ogy in Rosa.

MATERIAL AND METHODS

TAXON SAMPLING

We sequenced four Rubus-species (R. caesius L.,
R.idaeus L., R. saxatilis L. and R. ulmifolius Schott)
as outgroup taxa according to the results of the molec-
ular analyses in Rosoideae by Eriksson et al. (1998,
2003). Sampling of the ingroup taxa represent all sec-
tions of the genus Rosa (Table 1). Table 2 presents the

Table 1. List of taxa and sources of plant material analysed. Subgeneric classification and nomenclature follows Wisse-
mann (2003a). Accession numbers are for the EMBL data base. Abbreviations: SGH = Europa-Rosarium Sangerhausen,
Germany, Aeuble = Wildrose collection of the Schwébische Albverein Rottenburg/Neckar, Germany; Kassel: Rose collection
Kassel-Wilhelmshohe, Germany; TAMU: Collection at Texas A.M. University, Department of Horticultural Sciences, USA

atpB-rbeLL

Taxon Accession nrITS1 IGS
Subgen. Hulthemia (Dumort.)

Focke (1888)
R. persica Michx. ex Juss. D-Lower Saxony Gottingen, Bot. Garden, AJ631841 AJ628770

Sect. Ecology, leg. VW

Subgen. Platyrhodon (Hurst)

Rehder 1940
R. roxburghii Tratt. Kassel, leg. VW AJ631843 AJ628823
Subgen. Hesperhodos Cockerell

1913
R. stellata Wooton Kassel, leg. VW AJ631842 AJ628824
Subgen. Rosa
Sect. Pimpinellifoliae (DC.)

Ser. 1825
R. altaica Willd. Altai, Ortsausgang Aktasch, Richtung AJ631849 AJ628774

Ust-Ulangom, leg. F. Schliitz 02.09. 2000

R. ecae Aitch. SGH, leg. V.W. AJ631878 AJ628781
R. foetida J. Herrm. SGH, leg. V.W. AJ631879 AJ628785
R. hugonis Hemsl. SGH, leg. V.W. AJ631882 AJ628780
R. primula Boul. SGH, leg. V.W. AJ631876 AJ628822
R. sericea Lindl. SGH, leg. V.W. AJ631874 AJ628784
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Table 1. Continued

atpB-rbcL
Taxon Accession nrITS1 IGS
R. spinosissima L. A-Senftenberg, Krems, Austria leg. M. Koch AJ631880 AJ628787
Sect. Rosa (Gallicanae (DC.) V14
Ser. 1825)
R. gallica L. D-Rottenburg/Neckar, Seebronn. leg. AJ631922 AJ628788
G. Timmermann
Sect. Caninae (DC.) Ser. 1825
R. abietina Gren. ex Christ H-Kanton Glarus, Braunwald, leg. G. AJ631940 (C9-1) AJ628797
Timmermann AJ631941 (C9-2)
AJ631942 (C9-3)
R. agrestis Savi D-Niedersachsen, Banenrode, leg. - AJ628816
E. Garve & H. Henker Ro 12/92
R. caesia Sm. D-Schleswig-Holstein, Fehmarn, leg. V.W. - AJ628791
R. jundzillii L. D-Niedersachsen, Bovenden, north of AJ628795 AJ631923
Gottingen, leg. V.W.
R. rubiginosa ssp. columnifera D-Mecklenburg-Vorpommern, AJ631934 (C3-1) AJ628811
Neubrandenburg, Lindenberg leg. A. Mohr
Schwertschlager
R. corymbifera Borkh. D-Niedersachsen, Gross Schneen near AJ628793
Gottingen, leg. V.W.
R. dumalis Bechst. D-Schleswig Holstein, Fehmarn, north of AJ811537 -
Bisdorf 1996, Wissemann 1013
R. elliptica Tausch D-Thiiringen, Schmon, leg. G. Schulze 5/90 - AJ628814
R. glauca Pourr. D-Niedersachsen, Gottingen, Bot. Garden, - AJ628808
Sect. Systematics, leg. V.W.
R. inodora Fries D-Mecklenburg-Vorpommern, Wismar, leg. - AJ628815
H. Henker Ro 1/92
R. jundzillii Besser D-Rheinland-Pfalz, Mertesdorf near Trier, AJ631924 AJ628794
leg. H. Reichert 93-199
R. micrantha Borrer ex Sm. D-Mecklenburg-Vorpommern, Neustrelitz, AJ631929 (C2-3) AJ628806
leg. H. Henker Ro 46/92 AJ631930 (C2—4)
AJ631933 (C2-6)
R. mollis Sm. D-Schleswig-Holstein, Geltinger Birk, AJ631949 (VW152-7)  AJ628812
Flensburg, leg. V.W.
R. montana Chaix I-Siidtirol, Vinschgau, Sonnenberg near of AJ631947 (C8-1) AJ628796
Schlanders, leg. V.W. AJ631948 (C8-2)
‘R. mosqueta’ = R. rubiginosa Argentinia, Provincia del Chubut, Comarca - AJ628809
L. from South-America Andino Parallelo 42, Warton, leg. C. Ritz
R. pseudoscabriuscula (R. D-Mecklenburg-Vorpommern, Burg AJ631927 (C1-1) AJ628810,
Keller) Henker & G. Schulze Stargard, leg. H. Henker Ro6/91 AJ631928 (C1-2)
AJ631932 (C1-3)
R. rubiginosa L. D-Schleswig-Holstein, Helgoland, leg. V.W. AJ631885 AJ628819
R. sherardii Davies D-Mecklenburg-Vorpommern, Neukloster, AJ631925 AJ628813
leg. H. Henker 23/87
R. sicula Tratt. SGH, leg. V.W. AJ631937 (VW161-1)  AJ628817
AJ631938 (VW161-2)
AJ631939 (VW161-3)
R. stylosa Desvaux D-Baden-Wiirttemberg, Badenweiler, AJ631926 AJ628798
leg. G. Timmermann
R. subcanina (H. Christ) D-Mecklenburg-Vorpommern, Warin, AJ631935 (VW141-1)  AJ628790
R. Keller leg. H. Henker 24/87 AJ631936 (VW141-2)
R. subcollina (H. Christ) D-Niedersachsen, Westharz, Hohegeiss, - AJ628792
R. Keller leg. H. Henker Ro 10/92
R. tomentella Léman D-Mecklenburg-Vorpommern, Poischendorf, AJ631945 (VW146-1) AJ628789

leg. H. Henker 20/87
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Table 1. Continued

atpB-rbcL
Taxon Accession nrITS1 IGS
R. tomentosa Sm. D-Mecklenburg-Vorpommern, Ziisow, leg. AJ631943 (VW142-1) AJ628805
H. Henker 18/87 AJ631944 (VW142-2)
R. villosa L. D-Mecklenburg-Vorpommern, Liibz, leg. - AJ628807
H. Henker 34/88
Sect. Carolinae Crép. 1891
R. carolina Willd. SGH, leg. V.W. (C29) AJ631855 AJ628771
R. nitida Willd. D-Gottingen, Leonard Nelsonstrasse, leg. AJ631860 AJ628828
V.W.
R. palustris Marsh. D-Niedersachsen, Géttingen, Bot. Garden, AJ631864 AJ628830
Sect. Systematics, leg. VW
R. virginiana Herrm. SGH, leg. V.W. AJ631857 AJ628776
Sect. Cinnamomeae (DC.)
Ser. 1825
R. arkansana 1 Porter ex. SGH, leg. V.W. (C30) AJ631858 AJ628778
IL.M. Coult
R. arkansana II Porter ex. SGH, leg. V.W. (C35) AJ631862 AJ628779
LM. Coult
R. beggeriana Schrenk SGH, leg. V.W. AJ631866 AJ628829
R. blanda Ait. SGH, leg. V.W. AJ631859 AJ628772
R. laxa Retz China, Xinjiang, Kongur, Atoinak, 2750 m, AJ631881 AJ628775
leg. M. Richter 1996-07-04
R. majalis Herrm. Rottenburg/Neckar, Auble, leg. C. Ritz AJ631867 AJ628777
R. multibracteata Hemsl. et SGH, leg. V.W. AJ631872 AJ628821
E.H. Wilson
R. rugosa Thunb. D-Schleswig-Holstein, Sylt, leg. D. Loessner AJ631865 AJ628782
R. sertata Rolfe SGH, leg. V.W. AJ631856 AJ628773
R. suffulta Greene SGH. Leg. V.W. AJ631851 AJ628820
R. willmottiae Hemsl. D-Niedersachsen, Géttingen, Bot. Garden, AJ631871 AJ628783
Sect. Systematics, leg. V.W.
R. woodsii Lindl. Kassel, leg. V.W. AJ631852 AJ628826
Sect. Synstylae DC. 1813
R. arvensis Huds. I-Sudtiro, Kastel Feder, leg. V. W. - AJ628804
R. helenae Rehd. & Wils. Kassel, leg. V.W. AJ631877 AJ628802
R. multiflora Thunb. ex. Murr. D-Niedersachsen, Géttingen, Bot. Garden, AJ631845 AJ628799
Sect. Systematics, leg. V.W.
R. wichurana Crép. D-Niedersachsen, Gottingen, Bot. Garden, AJ631846 AJ628827
Sect. Systematics, leg. V.W.
Sect. Indicae Thory, 1820
R. chinensis Jacq. (C38) SGH, leg. V.W. AJ631847 AJ628800
R. chinensis Jacq. (C20) SGH, leg. V.W. - AJ628802
R. odorata (Andrews) Sweet SGH, leg. V.W. AJ631848 AJ628801
Sect. Banksianae Lindl., 1820
R. banksiae Ait. TAMU, leg. D. Byrne AJ631853 AJ628825
Sect. Laevigatae Thory, 1820
R. laevigata Michx. TAMU, leg. D. Byrne AJ631873 AJ628786
Sect. Bracteatae Thory, 1820
R. bracteata Wendl. TAMU, leg. D. Byrne AJ631863 AJ628818
Outgroup taxa
Rubus caesius L. I-Suidtirol, Andrian, leg. V.W. AJ631965 -
Rubus idaeus L. I-Sudtirol, Nals, leg. V.W. AJ631962 -
Rubus saxatilis L. I-Sidtirol, Felixer Weiher, leg. V.W. AJ631963 AJ628832
Rubus ulmifolius Schott I-Sidtirol, Andrianer Wald, leg. V.W. AJ631964 AJ628831
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Table 2. List of taxa analysed. Subgeneric classification
and nomenclature follows Wissemann (2003a). The first
number indicates the estimated total number of species in
the section, the second number represents the number of
species included in this study

Taxon

Subgen. Hulthemia (Dumort.) Focke, 1888 1/1
Subgen. Platyrhodon (Hurst) Rehder, 1940 11
Subgen. Hesperhodos Cockerell, 1913 2/1
Subgen. Rosa 1847?/58
Sect. Pimpinellifoliae (DC.) Ser. 1825 15/7
Sect. Rosa (Gallicanae (DC.) Ser. 1825) 1/1
Sect. Caninae (DC.) Ser. 1825 50/25
Sect. Carolinae Crép., 1891 5/4
Sect. Cinnamomeae (DC.) Ser. 1825 80?/12
Sect. Synstylae DC., 1813 25/4
Sect. Indicae Thory, 1820 3/2
Sect. Banksianae Lindl., 1820 2?2/1
Sect. Laevigatae Thory, 1820 1/1
Sect. Bracteatae Thory, 1820 2?/1

distribution of the sampling within the genus. All
specimens are deposited at the author’s herbarium
(Herbarium Wissemann).

DNA 1SOLATION, PCR AMPLIFICATION, SEQUENCING,
CLONING

Total DNA was extracted from silica gel-dried mate-
rial of living plants or herbarium specimen using
E.Z.N.A. Plant DNA Mini Kit (Peqlab Biotechnologie
GmbH) following the users protocol. Amplification of
double stranded DNA was performed on 25 ul con-
taining 2.5 ul 10-fold polymerase buffer, 2.5 ul 2 mm
dNTP, 10 pmol pl™ of each primer, 1 unit of Taq poly-
merase (Appligene), 1 ul DNA template. Primers for
ITS-1 regions were taken from White et al. (1990):
ITS5 5-GGAAGTAAAAGTCGTAACAAGG-3" and
from Ochsmann (2000): ‘P2’ 5-CTCGATGGAA-
CACGGGATT CTGC-3". Primers for the amplification
of the 5’ end of the atpB-rbcL intergenic spacer (2’ 5'-
GAAGTAGTAG GATTGATTCT-3" and ‘10’ 5’-CAT-
CATTATTGTATAC TCTTTC3')-were taken from
Savolainen et al. (1994). The standard PCR condi-
tions consist in an initial denaturation of 180 s at
95 °C, 28 cycles of 30s at 95°C, 60 s at 48 °C and
120 s at 72 °C with a final extension of 180 s at 72 °C.
PCR products except for samples of ITS-1 PCR prod-
ucts of section Caninae and Gallicanae were directly
sequenced in both directions with the same primers
as for amplification with Amersham Bioscience
Thermo Sequenase labelled Primer Cycle Sequencing
kit with 7-deaza-dGTP. Samples of section Caninae

and Rosa were subcloned before sequencing. PCR
products were purified using Qiaquick PCR purifica-
tion kit according to the manufacturer’s instructions
and subcloned with a t-tailed pBluescript II SK (+)
cloning vector into the E. coli strain JM13 via elec-
troporation. Transformed E. coli cells were plated on
LB agar with ampicillin (100 pg ml™), IPTG (0.2 mM)
and X-Gal (40 ug ml™"). White colonies were selected
for growth and these clones were picked and directly
added to the amplification mix for ITS-1 and after-
wards sequenced (protocols and cycling profiles are
identical to the ones described above).

SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSES

DNA sequences were aligned using ClustalX, version
1.83 (Thompson etal., 1997) and apparent mis-
alignments were corrected manually. The final
alignment has been deposited in TreeBase http:/
www.herbaria.harvard.edu/treebase/, accession num-
bers are given in Table 1. Phylogenetic relationships
were analysed via Bayesian inference using Monte
Carlo Markov chains (MCMC) was conducted with
MrBayes 3.0b4 (Huelsenbeck & Ronquist, 2001). Four
incrementally heated simultaneous Monte Carlo
Markov chains were run over 2 000 000 generations,
using the general time reversible model of DNA sub-
stitution with gamma distributed substitution rates,
random starting trees and default starting values of
the DNA substitution model. Trees were sampled
every 100 generations resulting in an overall sampling
of 20 001 trees. The first 1000 trees were discarded as
‘burnin’. From the remaining trees a 50% majority
rule consensus tree was computed to obtain estimates
for the a posteriori probabilities. Branch lengths were
estimated as mean values over the sampled trees. This
Bayesian approach of phylogenetic analysis was
repeated four times, always using random starting
trees and random starting values.

RESULTS

Description of sequence data: nrITS-1: 264 bp in total,
from all positions including outgroup 75 were vari-
able, 189 constant positions. Only ingroup: 54 vari-
able. cpDNA: 616 bp in total, from all positions
including outgroup 59 were variable, 557 constant
positions. Only ingroup: 39 variable.

ITS sequences of species of sect. Caninae and Rosa
evolve non-concerted (Wissemann, 1999, 2000, 2002,
2003b), polymorphisms can be easily detected by
direct sequencing but required a cloning step to obtain
sequences suitable for phylogenetic reconstruction.
No polymorphisms (double bands) were detected
when the ITS sequences of non-dog roses and non-
gallicaroses were sequenced directly after PCR
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amplification and thus gave no hint for non-concerted
ITS evolution in these sections so far, although they
include a range of ploidy levels up to the tetraploid
status. Analysis of cpDNA and nrDNA-1 sequences
resulted in partly incongruent topologies of the trees.
Since cpDNA is maternally inherited and nuclear
sequences originate by biparental inheritance, we do
not expect congruent topologies. Extensive reticula-
tion and non-concerted evolution of the ribosomal
repeat restrict the assumption of congruent trees.
However, complementary information with respect to
hybridization events are expected and are discussed
below by the description of the different sections. The
lack of resolution in certain parts is in accordance with
findings by other authors employing different molec-
ular markers (see Discussion for further possible
explanation of this phenomenon). Both data sets
showed Rosa to be monophyletic with respect to
the outgroup taxa. By cp-data Rosa persica Michx.
(section Hulthemia) is nested within Rosa and not a
separate genus Hulthemia, supporting the view of
Wissemann (2003c¢), but nrITS sequences place Hulth-
emia in a sister relationship to the remainder of the
genus. NrITS-1 data reveal Rosa sect. Caninae to be a
monophyletic group by the existence of the autapo-
morphic C-type ITS (Wissemann, 2000, 2002, 2003b).
Within the Caninae nrITS does not allow any
conclusion for intrasectional differentiation. However,
cpDNA divides the Caninae species into two clades,
one with odorant glands (but not discriminating
between the terpentine- and the wine-scented roses)
and one with either eglandular or non-odorant glan-
ded species. By nrITS sequences, the monotypic sec-
tion Rosa with R. gallica appears not to be direct
sister to section Caninae. R. gallica is characterized
by its pinnate sepals, a character to be universally
expressed in the Caninae. R. gallica is completely
nested with its areal and its distribution amongst the
Caninae. However, Bayesian analysis does not mirror
this relationship, here section Synstylae is next to sec-
tion Caninae. Chloroplast data places R. gallica in an
uncertain position within the Caninae, interestingly
next to R.tomentella, a species from subsection
Tomentellae but also of uncertain relationship to other
Caninae based on morphological data. Sister to the
clade of Caninae-Rosa (Gallicanae) species are mem-
bers of sect. Synstylae/Indicae according to the cpDNA
data, the close relationships result in R. arvensis
being placed within the Caninae-Rosa (Gallicanae)-
clade. Morphologically the character of agglutinated
styles of the Synstylae is not realized in the sister
clade. The sister relationship to the Caninae is not
resolved in the trees, but is focused on the two sections
Rosa and Synstylae. Based on morphological data,
R. gallica, with its distinct pinnate sepals, more
resembles the Canina-roses. However, pinnate sepals

are also known from section Synstylae, for example
R. longicuspis Bertol. NrITS and atpB-rbcL. IGS
sequences unify the Asian sections Indicae and Syn-
stylae into a consectional group. The positions of the
monotypic sections Laevigatae, Banksianae and Brac-
teatae and the monotypic subgenus Platyrhodon and
Hesperhodos are not resolved. There is clear evidence
via both genetic sources that the two sections
Cinnamomeae and Carolinae, are consectional. The
North American Carolinae-roses are morphologically
only distinguished from the Cinnamomeae by their
reflexed, spreading and deciduous sepals after anthe-
sis, whereas the Cinnamomeae have erect and persis-
tent sepals, a character state used in the Caninae to
separate next related species. The weak and com-
plicated morphological separation of sect. Pimpinel-
lifoliae from sect. Cinnamomeae by mostly solitary
flowers without bracts, is mirrored in both data sets,
which include sequences from the Pimpinellifoliae
into the Cinnamomeae-Carolinae-clade. As a future-
orientated proposal, the highest subgeneric rank
should be the sectional status. However, more data
need to be evaluated and we discuss here the pro and
cons of a new taxonomy using the backbone of conven-
tional taxonomy.

DISCUSSION

The low resolution in Rosa of the molecular data in
this extensive study is new for these markers, but is in
accordance with low resolution obtained by the use of
other markers (matK; trnL/trnF: Starr & Bruneau,
2002; matK: Matsumoto et al., 1998). The reconstruc-
tion of the evolutionary history of Rosa is further com-
plicated by insufficient morphological, anatomical and
phytochemical data (see Table 3). This deficiency is
not due to a lack of data, but rather the non-existence
of informative character states between species. From
the point of cultural history, Rosa is a typical genus
being ‘oversystematized’, where numerous scientists
have put more opinion than knowledge into mono-
graphic studies. There is no revision available for the
genus, nomenclature of the thousands of names (spe-
cies and cultivars) is in its infancy, and the compli-
cated open breeding system with interfertility of many
species reticulates all taxa in the genus. The fossil
record of roses dates back to the Middle Oligocene of
the Cenozoic (Mai & Walther, 1978, 1988). For the uni-
formity of characters in Rosa the principal scenario is
likely that the explosive radiation of the Tertiary
genus happened in the Holocene of the Quaternary.
The still observable close relationship of all character
states is the product of a lack of time since radiation
and interfertility because there was no time since the
spread to develop sufficient reproductive barriers. Sec-
ondary evidence for this assumption is that neither
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cpDNA nor nrITS sequence positions in the trees fol-
low a geographical distribution of the taxa.

Ecological, geographic or genetic separation triggers
speciation by genetic isolation and evolution of steril-
ity barriers, but is rarely seen in the genus since dif-
ferentiation is rare, and it has not resulted in isolation
within the genus. Examples are R. persica from the
monotypic section Hulthemia, which is geographically
separated by its distribution in the Afghanistan region
and R. palustris from sect. Carolinae, which is ecolog-
ically niched into the swampy regions in North Amer-
ica. Recently Rieseberg et al. (2003) demonstrated,
that ecological transitions, and thus subsequent spe-
ciation by genetic isolation, are facilitated by hybrid-
ization. This also happened in dog roses: genetically
separated (but not isolated) is the sect. Caninae,
which is of allopolyploid origin (Wissemann, 2000,
2002) and characterized by the unique heterogamous
reproduction via Caninae-meiosis (Tédckholm, 1920;
1922) and the existence of an autapomorphic nrITS
type (Ritz & Wissemann, 2003a).

EVOLUTION OF AND WITHIN THE SUBGENERIC
TAXONOMICAL UNITS (NOMENCLATURE ACCORDING TO
WISSEMANN, 2003a)

Subgenus Hulthemia (Dumort.) Focke (1888)

Our nuclear molecular data clearly demonstrate that
Hulthemia is a member of the genus Rosa and is not a
separate genus. This monotypic subgenus has been
disputed since its description by Dumortier (1824).
The outstanding character of the central Asian and
east Asian (Siberian) Rosa persica Michx. ex Juss.,
1789 is the reduction of the leaf to a single leaflet
without stipules. The position of R. persica within the
genus Rosa in our phylogenies (Figs 1, 2) does not
indicate this simplicity to be either an archetypal or
an advanced character. Within the genus Rosa, vari-
ability in the number of leaflets is high from 11 to 9—
7 leaflets in sect. Pimpinellifoliae, 9-7 in Bracteatae, 7
(-5) in most sections, e.g. Caninae, 5 in Indicae (5)-3
in Laevigatae and subgenus Hesperhodos, and 1 in
Hulthemia. In agreement with Parmentier (1897) we
interpret the reduction to be a result of ecological
adaptation to the hot summer season in the areas
where they are found in central Asia (Afghanistan,
Usbekistan, Iran). Two morphotypes are reported for
R. persica, a more southern distributed form with
hairy branches and leaves (Boissier, 1872; Meikle,
1966; Zielinski, 1982) and a second glabrous taxon
(used in this study here) in the northern range of
distribution (Bean, 1980), but the taxonomic rel-
evance of this character state is not clear. Regel (1877)
combined both types into one single species
(R. berberifolia Pall.). Our chloroplast data of atpB-

rbcL-IGS do not support the finding of Starr & Bru-
neau (2002) that based on chloroplast ¢rnL/trnL-F,
Hulthemia is nested within the subgenus Rosa. In our
cpDNA tree R. persica is sister to the remainder of
the genus, however, in contrast to Wu et al. (2001)
whose nrITS data place the species with R. stellata
(subgenus Hesperhodos) in a sister relationship to
some species of the Pimpinellifoliae and Laevigatae.
Interestingly, Ueda & Tomita (1989) claimed close
phylogenetic relationships between Pimpinellifoliae
and Hulthemia based on pollen exine patterns. With
its chestnut-like hips and basal insertion of the seeds,
the fruit characters resemble subgenus Hesperhodos
(R. stellata  Wooton, 1898) and the subgenus
Platyrhodon (R. roxburghii Tratt., 1823). R. persica is
able to hybridize with other species from the genus
Rosa. This has been reported for naturally occurring
plants by de la Roche (1978) and Bean (1980), as well
as for ornamental breeding (Harkness, 2003). Based
on similar insertion patterns of the seeds in the hip,
Parmentier (1897) assumed Hulthemia, Hesperhodos
and Platyrhodon to be closely related. Unfortunately
he interpreted the insertion as a basiparietal inser-
tion and correlated it to the similar situation in
Cinnamomeae, by which Cinnamomeae became an
archetype of roses in the genus. In fact, seed insertion
of Hulthemia, Hesperhodos and Platyrhodon is only
basal, thus supporting the relationship between the
three subgenera. Seeds do not grow on the side walls
of the hip and thus seed insertion in these three sub-
genera is fundamentally different from the situation
in Cinnamomeae (see Crépin, 1898). Molecular,
anatomical, as well as reproductive, data (natural
hybridization with Rosa-species) support the view of
R. persica being a member of the genus Rosa, thus
Hulthemia is best treated as a section, but not as a
separate genus.

Subgenus Hesperhodos Cockerell, 1913

Again the molecular data do not support the treat-
ment of Hesperhodos at generic rank. At first glance
the North American subgenus Hesperhodos seems to
be most closely related to the central Asian subgenus
Hulthemia. Both subgenera have prickly, chestnut-
like hips and basal insertion of seeds. R. stellata has
few leaflets (3—-5), but which again are interpreted as
the result of ecological adaptation to its dry habitat.
However, our nrITS data also indicate a close relation-
ship of the two subgenera. Morphologically, the two
subgenera are separated by the existence of adnate
stipules with divergent, rounded or broadened auri-
cles in Hesperhodos. The most prominent morpholog-
ical character of subgenus Hesperhodos is the
complete absence of the disc. Since in both trees
R. stellata is nested within species from subgenus
Rosa, the elevation of Hesperhodos to generic rank
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Figure 1. Bayesian inference of phylogenetic relationships of representatives of the genus Rosa: Monte Carlo Markov
chain analysis based on nrITS-1 sequence data (using the general time reversible model of DNA substitution with gamma
distributed substitution rates, 2 000 000 generations). The 50%-majority rule consensus tree was computed from 19 001
trees that were sampled after the process had reached stationarity. The topology was rooted with Rubus idaeus, R. saxatilis,
R. ulmifolius and R. caesius. Numbers on branches are estimates for a posteriori probabilities.
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Figure 2. Bayesian inference of phylogenetic relationships of representatives of the genus Rosa: Monte Carlo Markov
chain analysis based on sequence data of the 5’-region of the cpDNA marker ‘atpB-rbcL. IGS’ (using the general time
reversible model of DNA substitution with gamma distributed substitution rates, 2 000 000 generations). The 50%-majority
rule consensus tree was computed from 19 001 trees that were sampled after the process had reached stationarity. The
topology was rooted with Rubus saxatilis and R. ulmifolius. Numbers on branches are estimates for a posteriori
probabilities.
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(e.g. by Boulenger or Hurst, see Bean, 1980: 121) is not
justifiable. The morphological examinations by Lewis
(1965) indicated that Hesperhodos is the only group
with finely reticulate pollen surface, whereas the pol-
len sculpturing of all other species of Rosa is striate.
Parmentier (1897: 110) analysed the pericycle of
R. minutifolia Engelmann. He found shorter and oval
cells differing from those in all other members of Rosa
where the pericycle consists of elongate and fusiform
cells. Ma et al. (1997) detected significantly fewer
metacentric chromosomes in R. minutifolia than in
the other sections. Taken together the morphological
differences elucidated by Parmentier (1897) and Lewis
(1965) and the genetic separation detected in this
study, Hesperhodos is best treated at sectional level
and not at subgeneric rank.

Subgenus Platyrhodon (Hurst) Rehder, 1940

The third subgenus with prickly, chestnut-like hips
with basal insertion of seeds is the monotypic subge-
nus Platyrhodon (R. roxburghii Tratt., 1823) but dif-
fers in a number of autapomorphic character states,
which do not allow a satisfying placement based on
morphology. Zielinski (1985) interprets the restricted
distribution, the non-juicyness of the fruit and the disc
structure as the most primitive characters in the
whole genus. The number of leaflets per leaf is high
(> 7-15) and it is the only species in the genus with
peeling bark. Subulate auricles at the tip of the adnate
stipules is a further character state which discrimi-
nates Platyrhodon from Hesperhodos. The molecular
data are ambiguous. NrITS indicates a close relation-
ship to R. gallica, which is unsupported by morphol-
ogy. CpDNA places the species next to R. rugosa from
the Cinnamomeae, again not supported by morphol-
ogy, but supporting the view held by Ma, Crane &
Byrne (1996, 1997) based on karyotypic relationships,
Lewis & Basye (1961) based on cross compatibility
and Kim (1994) from isoenzyme analysis (the latter
two references are cited in Ma et al., 1997). The
phylogenetic relationships of R. roxburghii remain
uncertain. Hip morphology indicates the affinity to
Hesperhodos and Hulthemia, although the basal
insertion of the seeds is not as flat as in the other sub-
genera, but on a placenta-like structure, already men-
tioned by Crépin (1891). The functional most
prominent character of the peeling bark, not known in
any other species of the genus, has not been discussed
in the literature. By cpRFLP, Takeuchi et al. (2000)
proposed a separate placement of Platyrhodon in
Rosa. Furthermore, crossability of R. roxburghii is
difficult, again pointing towards the isolated posi-
tion of R.roxburghii in the genus. Naturally, only
R. x micrugosa originated by hybridization between
R. rugosa x R. roxburghii, but pollen-, seed-parent
direction is unknown. Wulff (1954) and Bean (1980)

report rare cases from the ornamental breeding in
which R. roxburghii served as pollen donor. Schum,
Hofmann & Felten (2002) established somatic hybrids
with R. roxburghii. From the overall view of the data,
Platyrhodon seems to be a morphologically isolated
member of the subgenus Rosa, thus not deserving sub-
generic rank, but should presumably be treated in a
monotypic sectional status within subgenus Rosa. The
data available at present contradict the view of Zielin-
ski (1985) that R. roxburghii is the most basal, ancient
rose species.

Subgenus Rosa

Section Pimpinellifoliae (DC.) Ser. 1825

Based on morphology, Pimpinellifoliae seems to be a
rather loosely-defined group by their mostly single
flowers without bracts, a high number of small, round
leaflets per leaf, and intensive coloured, often black,
hips (although R. gymnocarpa Nutt. from Cinna-
momeae also has black hips). Currently the group of
Pimpinellifoliae is still widely accepted in practice and
literature. Mikanagi et al. (1995) recognized the occur-
rence of unique kaempferol and quercetin 4’-gluco-
sides in Pimpinellifoliae. However, recently more data
have emerged, which raise doubts about the mono-
phyletic status of the section Pimpinellifoliae (Matsu-
moto et al., 2000, 2001). R. sericea is morphologically
distinct by flowers with mainly four petals and wedge-
shaped prickles and extremely high numbers of
leaflets (—17), but also has individuals with five petals.
Its position is uncertain since both markers, cp- and
nrDNA, place R.sericea in different positions.
Whereas ITS combines it with R. laevigata (sect. Lae-
vigatae) in a sister group relationship to members of
the yellow-flowering Lutea-group of Pimpinellifoliae,
cpDNA indicates a position of R. sericea within these
Lutea-species. The Lutea group itself with R. ecae,
foetida, hugonis, primula is clearly paraphyletic, but
relationships are not resolved, although we can reject
the view of Rowley (1961), that the bright yellow Aus-
trian briar, Rosa foetida, is the nearest ally of
R. spinosissima as was also shown by the extensive
morphological study on Pimpinellifoliae by Roberts
(1977). It is noteworthy that the proposal of Roberts
(1977), based on morphology to transfer R.farreri
and R. forrestiana from Pimpinellifoliae into Cinna-
momeae, is supported by matK-analysis (Matsumoto
et al., 2001). The most divergent group within the
Pimpinellifoliae are the Scots roses themselves.
R. spinosissima L. and its morphological twin
R. altaica Willd., which can currently be separated
morphologically only by size, are genetically com-
pletely distinct (both species are tetraploid, at least
R. spinosissima seems to be allotetraploid: V. Wisse-
mann, isozyme-analysis, unpubl. data). The unre-
solved position of R. altaica in the nrITS tree next to
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R. suffulta as well as the placement of R. altaica in the
atpB-rbcL IGS tree within the Carolinae—Cinna-
momeae clade might point to a cryptic hybridization
event between a R. spinosissima-derivate and a mem-
ber of Cinnamomeae. On this assumption the occur-
rence of black hips on some morphotypes of R. altaica
completely resembling the receptacles from R. rugosa
Thunb. (Cinnamomeae) can be explained, as well as
the biochemical relationships detected by Grossi et al.
(1998). Interestingly, RFLP studies by Matsumoto
et al. (1997) also combined R. rugosa (Cinnamomeae)
with R. spinosissima (Pimpinellifoliae). De la Roche
(1978) mentioned that all natural hybrids known so
far from Pimpinellifoliae are by R. spinosissima, and
always with R. spinosissima as the pollen parent.
However, molecular evidence for this assumption is
currently lacking.

Section Caninae (DC.) Ser. 1825

In Europe, after the retreat of the last glaciation, dog
roses (sect. Caninae) spread over the landscape.
Because of their vigorous allopolyploid constitution
(Wissemann, 2002) they were able to take the area by
force and started to establish ecological types in dif-
ferent niches. This ecological differentiation within
Caninae can be seen for example in the differentiation
of the ecological ‘L-" and ‘D-type’ roses (Christ, 1873,
1884; Reichert, 1998; Wissemann, 2000). Dog roses
have been identified as allopolyploids (Wissemann,
2000, 2002) but are characterized as a natural evolu-
tionary unit by the autapomorphic characters of a spe-
cific nrITS-type and the heterogamous mode of
reproduction via Canina-meiosis (Tdckholm, 1920,
1922; Blackburn & Harrison, 1921; Lim et al., 2000).
Given the specific nrITS-type, this type is distinct, but
closely related to sequences from members of the Syn-
stylae and Indicae. Currently we cannot draw the con-
clusion that this is a hint for the geographical or seed
paternal origin of the Caninae, since characters of
these two sections, e.g. agglutinated styles and entire
sepals, are not represented in the dog roses. Further
insight from biochemical and molecular data is needed
here. However, Zielinski (1985) claimed that members
of Indicae and Synstylae are the closest relatives to
R. canina from sect. Caninae based on morphology.
From the cpDNA data, Caninae is split into two major
clades, one with eglandular or with non-odorant
glands and one with odorant (wine and terpentine-
scented) glands. Interestingly, these clades are split by
a clade including R. gallica from sect. Rosa and mem-
bers of the Synstylae-Indicae-group, which again sup-
ports a close relationship of Caninae with Synstylae.
The unique heterogamous meiosis has led to numer-
ous opinions about the mode of reproduction in this
section including apomixis. However, Wissemann &
Hellwig (1997) were able to show, that sexual repro-

duction via heterogamy is the predominant way of
reproduction in this section, although apogamy cannot
be excluded in certain cases (e.g. Fagerlind, 1940;
Flory, 1950; Wissemann & Hellwig, 1997; Werlemark
et al., 2000).

Section Rosa (= sect. Gallicanae (DC.)) Ser. 1825
Section Rosa is a monotypic section with the European
and west Asian species R.gallica L., 1759 (Wisse-
mann, 2003a). All other OTUs given species rank from
this section are long cultivated hybridogenic, synan-
thropic species of which natural populations are not
known (de la Roche, 1978). From molecular data the
position of R. gallica is uncertain. The close relation-
ship of R. gallica to the upper Caninae-clade in the
cpDNA-dataset is morphologically supported by lobed
or pinnate sepals and the occurrence of non-odorant
glands. However, R. gallica is a homogamous species
with regular meiosis and does not harbour the specific
Caninae-nrITS (Wissemann, 1999). We still believe
this species, or an unknown and extinct close relative,
to be one partner during the process of allopolyp-
loidization of the Caninae, which has introduced the
morphological character of pinnate sepals. The possi-
bility of this has been shown for the origin of
R. jundzillii (Wissemann, 1999).

Section Carolinae Crép. 1891

Section Carolinae is completely dispersed within the
clade of roses from sect. Cinnamomeae, supporting the
view of Wylie (1954) who treated both groups as con-
sectional. Morphologically only the non-persistence of
sepals separates Carolinae from the Cinnamomeae, a
character used in the Caninae to separate closely
related species and subject to dominant inheritance
(Ritz & Wissemann, 2003b). Based on anatomical
data, Parmentier (1897) had already claimed consec-
tional status for Carolinae and Cinnamomeae. Grossi
et al. (1998) analysed flavonoid and enzyme polymor-
phisms of Carolinae and Cinnamomeae and were able
to show that again Carolinae grouped with the Cinna-
momeae. However, Grossi et al. (1999) detected a spe-
cific anthocyanin (pelargonidin-substituted) present
in Carolinae but not in Cinnamomeae. MatK-analysis
by Matsumoto et al. (1998) also combined the two sec-
tions. From the knowledge of character inheritance in
Caninae (Wissemann, 2000; Ritz & Wissemann,
2003b), we do not expect that the species in Carolinae,
if included into the Cinnamomeae, represent one clade
of closely related species based on presence of decidu-
ous sepals. Species with deciduous sepals in the Can-
inae are completely mixed in the section. Our analysis
of the cpDNA (as well as nrITS sequences) support
this view; species with deciduous sepals do not form a
monophyletic group in the trees (Figs 1, 2). Section
Carolinae is here included in section Cinnamomeae.
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Section Cinnamomeae (DC.) Ser. 1825 (incl. section
Carolinae Crép., 1891)

Section Cinnamomeae is by far the largest section
within the genus with c¢. 80 species. After inclusion of
the Carolinae it harbours about 50% of all species in
the genus. Differentiation within this section is high
and there is much variability between the described
species. Ecological and subsequent genetic differenti-
ation occurred within R. palustris Marsh., 1785, that
is clearly separated by the cp-sequence but nested
within Cinnamomeae by nrITS sequences. Our data
suggest from the nrITS sequence a closer relationship
of Cinnamomeae-Carolinae to the subgenera Hulthe-
mia, Platyrhodon and Hesperhodos, which Parmentier
(1897) already had assumed by the ‘basi-parietal
insertion of seeds’. However, the interpretation of
Parmentier (1897), that these three subgenera have
basiparietal insertion of seeds is wrong, as already
pointed out by Crépin (1898). Hulthemia, Platyrhodon
and Hesperhodos have a pure basal insertion of
the seeds at the bottom of the hip, not on the walls
(Herring, 1925). Affinity of parts of Pimpinellifoliae to
the Cinnamomeae was shown by Grossi et al. (1998)
from the chemical and biochemical pattern that can be
observed in the nrITS analysis and especially the
cpDNA analysis. It is noteworthy that Grossi et al.
(1998) found a close relationship between the
Pimpinellifoliae-species, R. altaica Willd., and the
Cinnamomeae-Carolinae-clade. We found the same
connection in the atpB-rbcLi IGS-tree, which indi-
cates that conspecificity of R. spinosissima L. and
R. altaica is doubtful (see further remarks under sect.
Pimpinellifoliae).

Section Synstylae DC., 1813

Grossi et al. (1998) found the Synstylae to be one of the
best circumscribed groups with respect to biochemical
data. Unfortunately, they did not integrate members of
the Indicae into their study. Our data, both cpDNA and
nuclear DNA, show consectionality of Synstylae and
Indicae. In the analysis of Japanese wild roses by Wu
et al. (2000) matK-DNA again merged both sections
together. Mikanagi et al. (1995) showed similar flower
flavonoid composition for Synstylae and Indicae, but
Cao, He & Li (1996) pointed to the extreme differences
in carotene content between the two sections (Synsty-
lae on average >6 mg/100 g; Indicae on average
< 0.4 mg/100 g). Based on morphology the only taxo-
nomically useful difference is the agglutinated style of
the Synstylae but with respect to all other characters,
the morphological character of columnated styles
becomes doubtful as an autapomorphic character
state. From the point of history of science it is note-
worthy, that this character was the first and oldest
morphological character proposed in the classification
of the whole genus (Seringe, 1818). The only European

species of Synstylae, R. arvensis Huds. appears to be
sister to the Synstylae-Indicae-clade in the cp-tree.

Section Indicae Thory, 1820

The Chinese section Indicae, with only three species
(R. odorata (Andrews) Sweet, 1818, R. gigantea Collet
ex Crép. 1888 and R. chinensis Jacq. 1768), is clus-
tered with Synstylae roses in both data sets. Shishkin
& Yuzepchuk (1971: 331) already pointed to the close
relationship of Indicae to Synstylae, which both have
exserted styles, the first group only lacking the con-
nection of the styles. For further remarks, see above
(Synstylae).

Section Banksianae Lindl. 1820

This section harbours two species (R. banksiae Ait.,
1811, R. cymosa Tratt., 1823), but the taxonomic sta-
tus of the latter is disputed. By RAPD-analysis Millan
et al. (1996) assigned R. banksiae as a member of sub-
genus Rosa. Morphologically the section is character-
ized by free and deciduous stipules, nonpubescent
receptacles and branchlets (difference to sect. Bracte-
atae) and reflexed and deciduous sepals (difference to
sect. Laevigatae). The receptacle is smooth and not
bristly as in sect. Laevigatae. The taxonomic position
is completely unresolved. In all phylogenetic trees,
R. banksiae is placed within or next to the Cinna-
momeae-Carolinae-clade, in the atpB-rbcL. Bayesian
tree next to Bracteatae (also by Wu et al., 2000, 2001
using matK sequences and nrITS, respectively), but
not with Laevigatae. Thus the morphological charac-
terization by deciduous stipules indicates not synapo-
morphy but convergence or plesiomorphy. As in
subgenus Hesperhodos, Ma et al. (1997) found fewer
metacentric chromosomes than in other sections.

Section Laevigatae Thory, 1820

There is only one species in this monotypic Chinese
section, R.laevigata Michx., 1803. The bristly hip
discriminates the species from sect. Banksianae,
the difference from Bracteatae is by non-pubescent
branchlets. Morphologically this section is united in a
larger group with Banksianae (e.g. already included
into this section by Déséglise, 1877: 65 ‘R. sinica Mur-
ray’) and Bracteatae by the free and deciduous stipules.
However, as in Banksianae, molecular classification
does not support a coherence based on this morpho-
logical character. In the nrITS tree, R. laevigata is
nested within members of section Pimpinellifoliae,
contradicting the view of de la Roche (1978) of
Laevigatae being the closest relative to Banksianae.

Section Bracteatae Thory, 1820

Again this presumable monotypic south-east Asian
section (R. bracteata Wendl., 1798, uncertain taxo-
nomic status of R. clinophylla Thory) is morphologi-
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cally characterized by free and deciduous stipules (as
Laevigatae and Banksianae), but differs in pubescent
or tomentose young branchlets and receptacles from
these two sections. The phylogenetic position is com-
pletely uncertain based on cpDNA and nrDNA data.
Whereas the ITS data indicate a position within the
Cinnamomeae-Carolinae clade, cpDNA places it
unsupported as sister to R. banksiae (also by Wu et al.,
2000), nested within the Pimpinellifoliae clade.

PERSPECTIVES

As presented above, our understanding of evolution
and phylogenetic relationships within the genus Rosa
is on the one hand contradictory, and on the other in
its infancy. The enormous phenotypic, genotypic and
ecological variability and plasticity, influenced by evo-
lutionary processes such as hybridization, currently
restrict a taxonomic revision of the genus. From the
classical taxonomic view, knowledge of the genus Rosa
suffers from two problems. First, the European section
Caninae is such a problematic taxonomic and evolu-
tionary group, that rhodology is a eurocentric field of
science. The intensive work on dogrose species since
Linnaean times made Rosa into a genus completely
‘oversystematized’ for European species, but neglect-
ing the bewildering diversity outside Europe. Second,
we lack extensive knowledge of rose taxa from the cen-
tres of diversity in central Asia, necessary to under-
stand the intrageneric relationships. Additionally, we
do not only need more data, but a deeper understand-
ing of the processes underlying the evolutionary his-
tory of the markers used for classification. This must
include more detailed studies on the specific marker
systems (e.g. Alvarez & Wendel, 2003; Wissemann,
2003b) and their performance under selective forces,
as well as breeding experiments (e.g. Ritz & Wisse-
mann, 2003b) to understand character inheritance
and impact of ecological factors on character expres-
sion. For the reconstruction of phylogenetic relation-
ships at species level we need a better resolving
molecular marker. Nr-ITS as well as the cp-DNA
currently used in Rosa-studies give insight into ques-
tions of consectionality of sections, but do not resolve
deep species relationships.
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