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Chapter 12
Rosa

M.J.M. Smulders, P. Arens, C.F.S. Koning-Boucoiran, V.W. Gitonga, F.A. Krens, A. Atanassov,

I. Atanassov, K.E. Rusanov, M. Bendahmane, A. Dubois, O. Raymond, J.C. Caissard, S. Baudino,
L. Crespel, S. Gudin, S.C. Ricci, N. Kovatcheva, J. Van Huylenbroeck, L. Leus, V. Wissemann,

H. Zimmermann, |. Hensen, G. Werlemark, and H. Nybom

12.1 Basic Botany of the Species
12.1.1 Basic Rosa Taxonomy

The genus Rosa has attracted considerable attention
from taxonomists and numerous species have been
described. Presently, about 100-250 species are usu-
ally recognized. Many of these species are now
thought to have arisen by hybridization, often accom-
panied by polyploidization. In addition, extensive
anthropogenic impact has led to the development of
many new semi-wild and/or cultivated rose varieties.
Consequently, taxonomy is not straightforward!
Although much criticized in, e.g., numerous recent
DNA-based analyses (see below), the classification
system of Rehder (1940) or variations thereof (e.g.,
Wissemann 2003) still constitute the standard taxo-
nomic treatment of this genus. Rehder (1940) recog-
nized four different subgenera: Hesperhodos (two
species), Hulthemia (one species), Platyrhodon (one
species), and Rosa. Subgenus Rosa is furthermore
divided into ten sections: Pimpinellifoliae, Carolinae,
Cinnamomeae, Synstylae, Caninae, Gallicanae, Indi-
cae, Banksiae, Laevigatae, and Bracteatae, but the
five latter sections have only one to three species
each. According to the nomenclatural code, it is
advised to change sect. Cinnamomeae into sect. Rosa
(McNeill et al. 2006) due to the generic type designa-
tion of R. cinnamomea. However, before this designa-
tion in 2006, the generic type was R. centifolia
phylogenetically located in sect. Gallicanae, thus this
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name has also been much used for sect. Gallicanae
(e.g., Wissemann 2003). To avoid confusion based on
nomenclatural reasons, it is therefore avoided alto-
gether in the following treatise to use sect. Rosa.

The wild ancestors of our domesticated ornamental
roses are found mainly in the sections Synstylae
(R. moschata, R. wichurana, and R. multiflora), Galli-
canae (R. gallica), Indicae (R. chinensis and R. gigan-
tea), and Pimpinellifoliae (R. foetida) (Wylie 1954).
A smaller but still noticeable contribution has been
made by, e.g., R. spinosissima in sect. Pimpinellifoliae
and by R. cinnamomea and R. rugosa in sect. Cinna-
momeae. R. damascena (sect. Gallicaneae) is also
worth mentioning due to its considerable influence
both as an ornamental and for the commercial produc-
tion of rose oil. This rather small set of species has thus
been instrumental in producing the enormous cornu-
copia of shape, color, and fragrance that we now enjoy
in gardens and parks, and as pot plants and cut flowers.
In addition, wild or semi-wild genotypes in, e.g., sect.
Caninae (dogroses) are used as rootstocks and land-
scape plants. A possibly expanding area is the produc-
tion of rose hips for culinary and medicinal purposes
based mainly on species in sections Caninae and Cin-
namomeae, and the chestnut rose R. roxburghii in
subgenus Platyrhodon.

12.1.2 Morphometry

Traditionally, rose species have been defined accord-
ing to quantitative and qualitative morphological char-
acters like shape, size, and color of petals, sepals, and
hips; inflorescence architecture; length of pedicel;
presence or absence of glandular hairs; shape and
size of leaves, leaflets, and leaflet indenture; and
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number, shape, and color of prickles. Quantitative
(morphometric) characters show a continuous varia-
tion and are likely to be polygenically controlled
whereas qualitative (descriptive) characters produce
major discrete categories and are more likely to be
monogenic in nature. Descriptive characters are often
easier to evaluate in naturally growing populations
and/or on herbarium sheets but may overemphasize
the underlying genetic differentiation. Moreover,
strong linkage among a few such genes may lead to
parallel combinations of characters as evidenced in
dogrose taxonomy (Nilsson 1999). Recent taxonomic
studies have made use of morphological characters
evaluated by hand or by automated image analysis,
sometimes also involving electron microscopy (e.g.,
pollen and seed morphology). Most of these studies
have, however, targeted either a restricted number of
closely related taxa and/or a restricted geographic
area. Several of these studies have concerned the allo-
polyploid and taxonomically very controversial sect.
Caninae. In one study on morphometric variation in
Nordic dogroses, only 65% of all evaluated plants
could thus be referred to a single species according
to a canonical variates analysis (Nybom et al. 1996).
Another study on Nordic dogroses using Fourier coef-
ficients of leaflet shape also detected some differentia-
tion among six taxa but without clear-cut boundaries
(Olsson et al. 2000). Similarly, much overlapping was
found among seven investigated dogrose taxa in Bel-
gium, investigated with a set of 17 morphometric and
descriptive characters (De Cock et al. 2007, 2008). In
all of these studies, considerable differentiation was,
however, found between taxa belonging to different
subsections (subsections Caninae, Rubigineae, and
Vestitae) suggesting that these entities are rather well
defined.

Allopolyploid speciation has also taken place in
sect. Cinnamomeae. When Joly and Bruneau (2007)
studied five diploid and three tetraploid taxa in eastern
North America, they could not discern distinct groups
when all samples were studied together using a set of
25 morphometric characters. Analysis of each ploidy
level separately did, however, provide evidence of
differentiation between some of the described taxa.

A general finding in the above-mentioned morphol-
ogy-based studies is that single characters generally
cannot discriminate completely among species. A
multivariate approach is needed, and preferably both
ordination and cluster analyses. Still, considerable
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overlapping is usually encountered, and many samples
cannot be unambiguously classified into discrete
species.

12.1.3 DNA-Based Taxonomy

Numerous DNA-based analyses have been applied to
investigations of species differentiation and relation-
ships in Rosa. The division into four different subge-
nera does not have much support in the DNA-based
data. The first major study was published by Jan et al.
(1999) who used random amplified polymorphic DNA
(RAPD) markers and demonstrated that Platyrhodon
and Hesperhodos should be placed within subgenus
Rosa. In another study, Koopman et al. (2008) applied
amplified fragment length polymorphism (AFLP)
markers and showed that Hulthemia and Platyrhodon
should be included in subgenus Rosa. The lack of a
sound genetic basis for a subgeneric division has been
demonstrated also in studies based on the sequencing
of regions in the chloroplast-DNA (Matsumoto et al.
1998; Wisseman and Ritz 2005; Bruneau et al. 2007)
as well as in the nuclear-DNA (Wisseman and Ritz
2005).

Division of species among the different sections in
subgenus Rosa has also been problematic. The largest
section in the genus is sect. Cinnamomeae (approxi-
mately 80 species), which should be merged with sect.
Carolinae (approximately five species) according to
analyses based on RAPD (Jan et al. 1999), AFLP (Joly
and Bruneau 2007; Koopman et al. 2008), simple
sequence repeat (SSR or microsatellites markers,
Scariot et al. 2006), and sequencing data (Wisseman
and Ritz 2005; Bruneau et al. 2007). In addition, sect.
Pimpinellifoliae (approximately 15 species) is clearly
polyphyletic (Matsumoto et al. 1998; Wisseman and
Ritz 2005; Koopman et al. 2008), and some of its
species apparently belong together with sections
Carolinae and Cinnamomeae (Scariot et al. 2006;
Bruneau et al. 2007).

Two major clades have been identified in the genus,
with Carolinae, Cinnamomeae, and parts of Pimpinel-
lifoliae in one clade and most of the other sections in
the other clade (Jan et al. 1999; Bruneau et al. 2007).
In this second major clade, sect. Synstylae (approxi-
mately 25 species) shows considerable similarities
with sect. Gallicanae (Koopman et al. 2008) and
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with sect. Indicae (Wu et al. 2000; Wisseman and Ritz
2005). Removal of the only European species in sec-
tion Synstylae, R. arvensis, would result in an appar-
ently monophyletic section (Matsumoto et al. 2000;
Wu et al. 2000; Koopman et al. 2008). However, the
largest member in this second clade is the sect.
Caninae (approximately 50 species, also known as
dogroses). Early in the last century, several
hundreds of taxa were described but more critical
evaluations, both in the field and in herbaria, have
later prompted a reduction to approximately 50
dogrose species (Wissemann 1999, 2002, 2003).
DNA analyses suggest that this section constitutes a
well-circumscribed monophyletic group (Matsumoto
et al. 2000; Wisseman and Ritz 2005; Scariot et al.
2006; Koopman et al. 2008). Although sharing some
internal transcribed spacer (ITS) sequence types with
species in other sections, thereby confirming their
hybridogenous origin, the Caninae species also have
one unique ITS sequence type, which is further evi-
dence of their monophyly (Ritz et al. 2005; Kovarik
et al. 2008). Of the five described subsections in sect.
Caninae, only subsection Rubigineae is well defined
according to AFLP data (De Cock et al. 2008;
Koopman et al. 2008).

Interestingly, almost all of the horticulturally
important species belong to this second clade, thus
suggesting that the wealth of cultivated roses has a
surprisingly narrow genetic basis (Matsumoto et al.
1998).

Only a few in-depth studies of species delimitations
have been carried using DNA markers. In sect. Cani-
nae, ordination analyses based on RAPD and AFLP,
respectively, produced fewer but larger groups of sam-
ples compared to results obtained with morphological
characterization, and several commonly recognized
taxa overlapped completely in their DNA profiles
(Olsson et al. 2000; De Cock et al. 2008). A set of
five diploid and three tetraploid and probably hybri-
dogenous species in sect. Cinnamomeae were studied
using AFLP and morphometry (Joly and Bruneau
2007) as well as sequencing of the nuclear GAPDH
gene (Joly et al. 2006). Similar patterns for species
delimitations were found, but evidence for the exact
origination of the allopolyploid species was rather
inconclusive.

The relationships among cultivated and wild mate-
rial have been investigated in several studies. AFLP
analysis thus showed that most cultivars grouped

245

either into a European cluster related to R. damascena
and R. gallica, or into an Oriental cluster related to
R. moschata, R. wichurana, and R. multiflora (Koop-
man et al. 2008). The first cluster contained mainly
European cultivars belonging to the Alba, Centifolia,
Damask, Gallica, Moss, and Portland cultivar groups.
These groups are derived from the old European
garden roses in sect. Gallicanae, but often with
some contribution also from the Hybrid China roses.
This European cluster also showed affinity with sect.
Caninae, which may contain the seed parent of the
Alba roses. The Oriental cluster instead contained
cultivars that belong mainly to the Bourbon,
Moschata, Multiflora, Noisette, Polyantha, and Tea
groups together with R. moschata. Another cluster
with R. wichurana and R. multiflora was sister to this
group. The Hybrid perpetuals, which are derived from
crosses between Hybrid China roses and R. gallica/
R. damascena hybrids, appeared to be closer to the latter.

Similarly, SSR analysis of both wild species and
cultivars produced a large and mainly European clus-
ter, which also contained the Hybrid China roses and
one Noisette cultivar (Scariot et al. 2006). This cluster
showed affinities to both the dogroses in sect. Caninae
and to the Alba roses. Species and cultivars involving
the remaining sections, Indicae, Carolinae and Cinna-
momeae, and Synstylae, were further apart in the
dendrogram.

12.1.4 Phylogeny

Both morphological and DNA-marker differentiation
among rose species involve mainly novel character
combinations caused by gene flow instead of novel
character states caused by the amassing of mutations
over a long time period. Similarly, the extremely low
levels of DNA sequence divergence found across the
genus (Matsumoto et al. 1998; Wisseman and Ritz
2005; Bruneau et al. 2007) suggest that this is a
young genus where much speciation has taken place
after the last glaciation. Poor phylogenetic resolution
and commonly occurring contradictions between chlo-
roplast and nuclear gene phylogenies also suggest that
hybridization has been a strong driving force in the
evolution of roses.

In contrast, the fossil record points to an old origin
of Rosa. Fossil record including hips date back into the
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Miocene and Oligocene, so approximately 30 million
years ago (Kvacek and Walther 2004). It is therefore
conceivable that the origin of Rosa is quite ancient, but
the radiation and diversification process is recent.
Clearly, further research into the age of Rosa is
required.

So far, the wealth of genomic data has not been
successfully used to produce a comprehensive phylog-
eny of Rosa species. As mentioned earlier, one of the
reasons is that divergence is recent, thus making it
difficult to use coding gene sequences for the produc-
tion of well-supported trees. Nonetheless, at least
one partial phylogenetic tree has been published
based on OOMT 1 and 2 (Scalliet et al. 2008), reflect-
ing the history of a gene duplication in Chinese and
European roses. Because they evolve faster than cod-
ing sequences, non-coding sequences (intronic or pro-
moter regions of genes) should be more useful for
phylogenetic inference in Rosa. Characterizing haplo-
types could also be useful to understand past hybridi-
zation and/or polyploidization events; for example,
based on alcohol dehydrogenase (ADH) haplotypes,
it was possible to conclude that the tetraploid R. gal-
lica may have originated from an interspecific hybri-
dization between one Cinnamomeae and one Synstylae
species (O. Raymond unpublished data). Future
research should focus on the evolution of the regu-
latory regions of some key genes to morphological
and/or architectural innovation such as the trans-
cription factors controlling floral organ identity (e.g.,
Kitahara and Matsumoto 2000).

12.2 Conservation Initiatives

Cultivated roses have a very ancient history and the
first selections were reported already in the early six-
teenth century. Later on, artificial crossing led to what
is today perceived as the “modern rose cultivars.”
However, the genetic basis on which these modern
rose cultivars are established is poorly understood. It
is thought that only between 8 and 20 species out of
about 200 have contributed to the origin of our present
cultivars (de Vries and Dubois 1996; Reynders-Aloisi
and Bollereau 1996; Gudin 2001).

Martin et al. (2001) tried to clarify the domestica-
tion history by DNA analysis with RAPD markers of
100 cultivars of old roses. They showed that selection
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resulted in the retention of only a small number of
alleles during the process of rose domestication. These
alleles probably originate from R. chinesis for charac-
ters concerning color and recurrence, and from
European groups for those concerning hardiness and
flower complexity. Hence, genetic diversity in wild
species may be used to increase the diversity for spe-
cific traits in cultivated roses. This has already been
done to some extent but there are many more traits that
could prove very valuable for cut and garden rose
improvement. It is one of the reasons why genetic
diversity in these wild species should be conserved.

For in situ conservation, we would need to know
how large the variation is in wild Rosa populations.
For Rosa canina, Jirgens et al. (2007) found a high
level of genetic variation within populations whereas
also population differentiation between regions was
very high, as can be expected given the breeding
system of this species. Hence, populations should be
conserved across a large region. De Cock (2008) and
De Cock et al. (2008) describe the genetic diversity
within and between populations of various Rosa spe-
cies in Flanders and in some western European
countries, as determined using AFLP. They showed
that the European R. spinosissima, R. gallica, R. maja-
lis, R. pendulina, R. arvensis, and R. sempervirens
populations showed strong geographical genetic dif-
ferentiation. However, in many cases there was no
consistent differentiation based on taxon or on geo-
graphical pattern. For instance, the three taxa
R. canina, R. corymbifera, and R. balsamica showed
a higher interspecific similarity when sampled at the
same location compared to their congeners sampled at
other localities in Flanders. Apparently, for these taxa
the locality is a more accurate predictor of genetic
relatedness than the taxonomical determination. This
is perhaps not so surprising considering the taxonomic
problems in the genus, but it means that in situ conser-
vation efforts should try to cover as many populations
as possible.

Given that the taxonomy is not always clear, it is
not straightforward to predict how much genetic vari-
ation resides within the wild species. The good cross-
species transferability of SSR markers across the
genus Rosa (another indication that it is a young
genus) will enable the study of genetic diversity across
the whole genus (Scariot et al. 2006) and a reasonable
balanced assessment of the levels of diversity in the
different species groups.
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Ex situ conservation takes place by collecting
plants and maintaining them in botanical gardens
and, typical for roses, in rose gardens. There are
many rose gardens in the world. However, they con-
tain relatively large collections of cultivated roses.
The wild material has been described taxonomically,
but there is no overview of how accurately this has
been done. As rose gardens exchange material, just as
botanical gardens and genebanks, they collectively
may conserve only a tiny amount of the variation
present in the wild.

12.3 Role in Elucidation of Origin
and Evolution of Rose

12.3.1 The Origin of Damask Roses

Damask roses are well known for their strong fra-
grance (Widrlechner 1981). From a historical and
geographical perspective, the Damask roses are con-
sidered to originate from Persia (today Iran). By the
fourteenth century, the Damask roses were already
available in West Europe (Beales et al. 1998). Some
Damasks have been maintained in West European rose
collections as garden roses (“York and Lancaster,”
“Quatre Saisons,” “Quatre Saisons Blanc Mousseux,”
“Kazanlik,” and others). During the nineteenth cen-
tury, the Damask roses are thought to have played a
substantial role in the improvement of the modern
European hybrid roses. The most significant Damask
rose from a commercial point of view is the
30-petalled R. damascena “Trigintipetala” which is
cultivated for rose oil production in Bulgaria, Turkey,
Iran, India, China, and northern Africa.

In 1941, Hurst classified the Damask roses into two
groups according to their flowering time: Summer
Damasks that bloom only in early summer and
Autumn Damasks that have a second blooming in the
autumn. This classification was based on morphologi-
cal and general botanical observations, which can
often be misleading. In-depth investigations of the
actual existing genetic diversity in this group of roses
based on DNA genotyping have only recently been
conducted. Iwata et al. (2000) analyzed two
Summer Damask varieties (“Kazanlik” and “York
and Lancaster”) and two Autumn Damasks (“Quatre
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Saisons” and “Quatre Saisons Blanc Mousseux”) and
found no difference in their DNA profile using 24
RAPD primers. Agaoglu et al. (2000) found no differ-
ence among accessions of R. damascena plants in Tur-
key using RAPD markers. Baydar et al. (2004)
demonstrated that 15 R. damascena plants brought
from 15 different plantations in Isparta province,
which is the main rose growing region in Turkey, pos-
sess identical genotypes based on AFLP markers and
nine microsatellite loci. Rusanov et al. (2005a) charac-
terized a total of 40 Damask rose accessions of which
25 originated from Bulgaria (the collection of the Insti-
tute of Roses and Aromatic Plants, Kazanlak) using
microsatellite markers derived from Rosa wichurana
and Rosa hybrida. The results showed that all analyzed
“Trigintipetala” accessions and the old garden Damask
rose varieties “York and Lancaster” and “Quatre Sai-
sons” (in confirmation of Iwata et al. 2000) possess
identical genotypes. In Iran more than one genotype
was found, but the genotype in the main production
area was identical to “Trigintipetala” (Babaei et al.
2007). In conclusion, it appears that the industrial pro-
duction of rose oil in Bulgaria, Turkey, and to a great
extent in Iran is based on a single genotype (and mutants
thereof). An interesting observation in this study was
the reported high somatic stability of the analyzed
microsatellite loci as the allele sizes of the 33 assayed
SSR loci had remained unchanged in accessions, which
have been vegetatively propagated for centuries in dif-
ferent geographical regions.

The studies of Babaei et al. (2007) and Kiani et al.
(2008) identified non-“Trigintipetala” genotypes,
mostly in the mountainous northwestern part of Iran,
with microsatellite alleles that are not present in the
Bulgarian and Turkish genotype. They are therefore
not the result of self-pollination. This may suggest that
the center of diversity may be in Iran, but detailed
sampling of wild populations has not been carried
out in the whole distribution area of the species.

So far the only in-depth DNA based study on the
parental origin of the Damask roses was published by
Iwata et al. (2000). They compared the sequences of
the ITS of the ribosomal DNA and the psbA—trnH
spacer sequence of the chloroplast genome of four
Damask varieties possessing an identical genotype
(“Kazanlik,” “York and Lancaster,” “Quatre Saisons,”
and “Quatre Saisons Blanc Mousseux”) with those
from the species that had been suggested by Hurst
(1941) as parents of the Damask roses: R. gallica,
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R. phoenicia, and R. moschata. The results rejected
R. phoenicia as a potential parent in the initial crossing.
The authors further included R. fedschenkoana in their
analysis and proposed that the actual crossing that led to
the formation of the genotype found in all four
Damask varieties is (R. moschataQ x R. gallicad) x
R. fédschenkoana@ . On the other hand when Rusanov
et al. (2005b) analyzed the genetic similarity among
various oil-bearing roses, they found that R. damascena
differs in all alleles at several microsatellite loci from
the profiles of the analyzed accessions of R. moschata
and R. gallica. As microsatellites are polymorphic
within species this does not immediately preclude
these species as parents. It will be necessary to assay a
number of genotypes that are closely related to R.
damascena and its putative ancestors with molecular
markers allowing easy allele scoring.

12.4 Ploidy Levels and How to
Manipulate Them

12.4.1 Ploidy Levels

Almost all presently grown rose cultivars are tetra-
ploid and usually interfertile. Most of them are derived
from several generations of spontaneous or man-made
crosses and no doubt contain several different wild
species in their ancestries. By contrast, most of the
wild rose species are diploid and have a regular meio-
sis with seven bivalents. Polyploid species are found
mainly in sections Cinnamomeae and Carolinae,
which have only made minor contributions to the
cultivar gene pool. Some polyploids are, however,
found also in other sections like R. chinensis (sect.
Indicae), which has been reported as 2x, 3x, and 4x,
and the tetraploid R. gallica (sect. Gallicanae). Inter-
fertility among wild species is generally high as long
as the crosses are undertaken between species at the
same ploidy level. Still, the prevalence of tetraploidy
in cultivars suggests that hybridization has been more
successful at this higher ploidy level although other
desirable traits like increased plant vigor may also
have played a part.

One section deviates from the remainder; all spe-
cies in sect. Caninae are characterized by the peculiar
canina meiosis (Lim et al. 2005). Regardless of ploidy
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level (usually 5x, but some 4x and 6x taxa also occur),
only seven bivalents are formed in the first meiotic
division. The remaining chromosomes form univa-
lents and are not included in viable pollen grains,
which therefore contain only the seven divided biva-
lent chromosomes. All univalents are transmitted to
one of the daughter cells in the female meiosis, and are
finally included in the viable egg cells, which therefore
contain 21, 28, or 35 chromosomes depending on
ploidy levels. SSR-based analyses of different species
and offspring from controlled crosses suggest that
bivalent formation involves one biparentally inherited,
highly homozygous diploid genome, whereas the
remaining 2, 3, or 4 haploid and often highly differ-
entiated genomes are transmitted only from the seed
parent (Nybom et al. 2004, 2006). Interfertility is very
high among dogroses, and they can also be used in
crosses with species on other levels, behaving as a
polyploid species when used as seed parent, and as a
diploid species when used as pollen parent.

Hybridization between diploid and tetraploid roses
results in triploid hybrids that are generally sterile or
have very low fertility. Two different strategies can be
envisaged to overcome this ploidy barrier: haploidiza-
tion of tetraploid cultivars and polyploidization of
wild, mostly diploid genotypes.

12.4.2 Haploidization

Up to now, the only successful haploidization method
has resulted from in situ induction of parthenogenesis
using irradiated pollen and subsequent in vitro culture
of immature seed.

12.4.2.1 In Situ Parthenogenesis in Roses

Dihaploid derivatives from tetraploid rose cultivars
are produced by in situ parthenogenesis induced after
pollination by irradiated pollen and subsequently
in vitro embryo rescue (Meynet et al. 1994). For this,
anthers are collected from flower buds of the male
parents 1-2 days prior to flower opening. The anthers
are dried for 2 days in an incubator at 30°C. The pollen
is sifted and stored in a desiccator at 4°C for the
duration of the hybridization period, e.g., from April
to June in European countries. All the flower buds on
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the maternal plants are emasculated 2 days prior to
anthesis by removing the calyx, petals, and anthers
with a forceps. Dry pollen samples are exposed to
gamma irradiation from a Cobalt®® source for a total
exposure of 600 Gy. Pollinations with irradiated pol-
len are made on the day of irradiation or the following
day. After pollination, the flowers are protected with
paper bags.

Eight weeks after pollination the hips formed are
collected and achenes are extracted from each hip. The
enlarged achenes are plunged into water. The proba-
bility that achenes contain an embryo is approximately
15 times higher in achenes of density >1 than in
floating ones. The achenes that sink are disinfected in
30 g/l CaCl, for 20 min, and subsequently rinsed three
times for 5 min in sterile distilled water. Embryos are
aseptically removed from the endocarp. Embryos are
placed on a solid culture medium in darkness at 4°C
for 4 weeks, and then transferred to a 16 h photoperiod
provided by daylight fluorescent illumination
[90 umol/(m2 s)] and at 22°C for 2 weeks to obtain
rooted plantlets. At the end of incubation, the embryos
germinate and the rooted plantlets are planted into a
classical horticultural medium and grown under green-
house conditions. The ploidy level of the plants
obtained is then determined by flow cytometry
(FCM) or vegetative meristem chromosome counts.

12.4.2.2 Characteristics of Dihaploid Roses

Characteristics such as the guard cell length, chloro-
plast number, stem length, leaf and flower size are
reduced in dihaploids as compared with their tetra-
ploid donors. Male fertility of the dihaploids is usually
very low; 76% of them were characterized by pollen
viability lower or equal to 5% (El Mokadem 2001).
However, three dihaploids showed pollen viability
greater or equal to that of their tetraploid donors.
Female fertility of the dihaploids was variable.

Many progenies have now been obtained from a
hybridization program between dihaploids of rose cul-
tivars, used as female parents, and diploid wild species
(e.g., R. gigantea, R. roxburghii, R. rugosa, and
R. wichurana), used as male parents (E1 Mokadem
2001). Although some of these dihaploids were fertile,
their gametogenesis often revealed abnormalities and
resulted in the frequent production of 2n gametes, i.e.,
gametes with the somatic chromosome number (El
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Mokadem et al. 2002a, b). Unreduced gametes or 2n
gametes are mainly formed in two ways (1) an incom-
plete first meiotic division (first division restitution,
FDR), or (2) an incomplete second meiotic division
(second division restitution, SDR). Unreduced
gametes via FDR are comprised mainly of the non-
sister chromatids of each homologous pair of chromo-
somes, whereas in SDR the sister chromatids are
included in the same gametes. As a result, 2n gametes
formed by FDR transmit more of the parental hetero-
zygosity into progenies than those formed by SDR.

The formation of 2n gametes can be detected by
analyzing ploidy level (e.g., with FCM) of progenies
resulting from crosses between dihaploids and diploid
species, as well as by analyzing the size of the pollen
grains produced by a dihaploid rose. The nature of the
mechanisms underlying male and female 2n gametes
produced by the dihaploids was determined by a cyto-
logical study of male meiosis and by estimating the
heterozygosity level transmitted by female and
male 2n gametes into the triploid progeny resulting
from crosses made with diploid species, using AFLP
markers (Crespel et al. 2002b). Among meiotic
abnormalities leading to 2n pollen production, triads
(containing a 2n microspore at one pole and two n
microspores at the other) resulting from abnormal
spindle geometry were frequently observed (El Moka-
dem et al. 2002a). There were various types of meiotic
nuclear restitution leading to 2n pollen production:
second division restitution with crossing-over (SDR-
CO), first division restitution without crossing-over
(FDR-NCO), and first division restitution with cross-
ing-over (FDR-CO) transmitting £40%, 100% and
+80% of the parental heterozygosity, respectively.
The proportion of different 2n gamete types produced
was mainly genotype dependent with some seasonal
effects (Crespel et al. 2002b, 2006; Crespel et al.
2003). Since the ability to produce 2n gametes was
transmitted to the offspring, a return to tetraploid level
can be envisaged by meiotic polyploidization via 2n
gametes.

12.4.3 Polyploidization

Polyploidization can be obtained via three different
methods: mitotic, meiotic, and somatic polyploidization.
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12.4.3.1 Mitotic Polyploidization

For mitotic polyploidization, a chemical substance is
applied that transiently blocks mitotis, resulting in
DNA replication without chromosome separation dur-
ing anaphase. Amphidiploids, i.e., allotetraploids, are
more useful than autotetraploids in such procedure,
notably to restore the fertility of diploid interspecific
hybrids, but also to avoid the typical infertility of
primary autotetraploids. There are two practical ways
to produce amphidiploids from diploid rose species (1)
to double the diploid species and cross the resulting
autotetraploids; and (2) to cross the diploid species and
double the resulting diploid interspecific hybrid.

Since the middle of the twentieth century many
authors have tried to improve the chromosome dou-
bling technique, with varying success depending on
genotypes, type and concentration of chemicals used,
duration of application, and type of exposed explant.
Both in vivo and in vitro assays have been made in
roses. The most frequently used chemical is colchi-
cine, an alkaloid obtained from Colchicum autumnale.
Dinitroaniline compounds, which are herbicides, have
also been tested: oryzalin, amiprophosmethyl (APM),
and trifluralin. Chromosome doubling has been suc-
cessfully performed using three applications of 0.5%
colchicine solution at alternating days (Semeniuk and
Arisumi 1968), or application of 0.06% colchicine
solution each day during 4 days on the top lateral
bud in active growth (4-8 leaf stage) of seedlings
(Basye 1990; Byrne et al. 1996), on different geno-
types (e.g., R. laevigata and R. laevigata hybrids,
R. roxburghii and R. roxburghii hybrids, R. bracteata
or R. wichurana). However, the results remain erratic.
Trifluralin assays were also performed in vivo,
by dropping 0.086% trifluralin solution on the
shoot apex of R. rugosa hybrid germinating seedlings
(Zlesak et al. 2005). These assays resulted in some
polyploids, but with a quite low success rate (around
5% doubled plants) and a high level of chimerism.

In vitro assays have also been performed using
colchicine. However, in this case an in vitro multipli-
cation phase of plantlets before treatment, and an
in vitro regeneration phase of treated explants after-
wards, is necessary. Optimal application was achieved
by growing plantlets on medium containing 1.25 mM
colchicine (Ma et al. 1997), or by soaking nodal sec-
tions in 1.25 mM or 2.5 mM colchicine solution before
transfer to solid culture medium (Roberts et al. 1990;
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Ma et al. 1997). Soaking assays on R. wichurana
in vitro plantlets gave up to 30% of doubled cells,
but the number of doubled plants was not reported
(Roberts et al. 1990). Amphidiploids from the
hybrids R. wichurana x R. roxburghii and R.
wichurana X R. setigera were obtained at the end of
the 1980s in these ways, but overall success rate was
lower than 5% (Basye 1990; Byrne et al. 1996).
A similar study was performed in the middle of the
1990s on five interspecific diploid hybrids involving
the diploid species R. wichurana, R. roxburghii,
R. banksiae, R. rugosa rubra, and R. setigera (Ma
et al. 1997). Some amphidiploids were detected, but
success rates remained below 5%.

Faced with the low efficiency of colchicine and its
carcinogenic nature, other anti-microtubule chemicals
have been explored as an alternative for polyploidiza-
tion since the early 1990s. Oryzalin, APM, and triflu-
ralin have actually been shown to have greater affinity
for binding to plant microtubule, and so are used at
micromolar concentrations, a thousand times lower
than colchicine (Zlesak et al. 2005). Compared to
colchicine, the efficiency of such herbicides in vitro
for polyploidization of plants has been variable but
promising. The first attempts with oryzalin were per-
formed on in vitro plantlets from diploid R. hybrida
“Thérese Bugnet” (Kermani et al. 2003). Treatment of
the shoot apex in liquid medium at 5 pM during 24 h,
followed by 13 days on semi-solid medium at the same
concentration, resulted in 40% doubled plants. The
best results were obtained by exposing nodal section
to oryzalin on solid medium at a concentration of
5 pM during 24 h, with a success rate of 66.6%
doubled plants and a survival rate of 20%.

The use of oryzalin, APM, or trifluralin in vitro
treatments on triploid R. hybrida “Iceberg” nodal sec-
tions showed similar efficiency (Khosravi et al. 2008).
Application of the chemicals was done on a two-phase
(liquid and semi-solid) shoot proliferation medium, at
6 UM concentrations, during 24 h. The same treatment
on diploid R. persica and tetraploid R. hybrida “Akito”
explants resulted in 6.3% and 0% chromosome dou-
bling, respectively, which suggests that chromosome
doubling is genotype dependent (Khosravi et al. 2008).

The above-mentioned approaches are limited to
rose genotypes that can easily be grown in vitro. Con-
centrations of spindle inhibitor and exposure time are
critical factors to success, but whatever chemical is
used, chromosome doubling is genotype dependent,
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and standard conditions that work for all rose species
cannot be specified.

12.4.3.2 Characteristics and Use
of Amphidiploids

Induced tetraploidy is visually detected by “gigas”
characteristics: slower growth, thicker leaflets with a
greater width-to-length ratio, greater overlapping of
the leaflets, and larger flower size (Byrne et al. 1996;
Ma et al. 1997; Kermani et al. 2003; Allum et al.
2007). Other indicators are a larger guard cells and
larger pollen grains. These two parameters are typi-
cally used for ploidy level estimation of rose geno-
types, due to the easiness of use in comparison to
chromosome counts, but FCM analyses are currently
performed for ploidy level assessment.

Since antimitotic agents work on a single cell level,
the original plant is likely to be a chimera, a plant with
sectors of doubled and non-doubled tissue. Thus, care
needs to be taken to examine the plant thoroughly and
isolate the doubled sector.

Fertility of amphidiploids depends on fertility of
the initial diploid hybrid. The general rule is that the
less fertile the interspecific diploid hybrid, the more
fertile (and so usable in breeding program) the amphi-
diploid derived from it (Byrne and Crane 2003). The
most widely used amphidiploid in modern rose breed-
ing is R. kordesii, a spontaneous tetraploid seedling of
the sterile diploid hybrid (R. rugosa x R. wichurana)
“Max Graf,” which gave rise to the Kordesii hybrid
roses in European and Canadian breeding programs.
Some of Basye’s (1990) amphidiploids have also been
hybridized with commercial rose germplasm in order
to transfer general blackspot resistance to the breeding
population.

12.4.3.3 Meiotic Polyploidization

Sexual polyploidization is the process by which a
polyploid zygote is formed by natural fertilization,
involving 2n gametes. Two cases are possible (1)
unilateral polyploidization occurring in interploidy
crosses (2x x 4x), in which case one 2n gamete
(from the diploid parent) fertilizes a reduced gamete
(from the tetraploid parent); (2) bilateral polyploidiza-
tion occurring by fusion of two 2n gametes coming
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f