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Abstract We constructed a BAC contig of about 300 kb
spanning the Rdrl locus for black spot resistance in Rosa
multiflora hybrids, using a new BIBAC library from DNA
of this species. From this contig, we developed broadly
applicable simple sequence repeat (SSR) markers tightly
linked to Rdrl, which are suitable for genetic analyses and
marker-assisted selection in roses. As a source for the high
molecular weight DNA, we chose the homozygous resis-
tant R. multiflora hybrid 88/124-46. For the assembly of the
BAC contig, we made use of molecular markers derived
from a previously established R. rugosa contig. In order to
increase the resolution for fine mapping, the size of the
population was increased to 974 plants. The genomic
region spanning Rdrl is now genetically restricted to
0.2 cM, corresponding to a physical distance of about
300 kb. One single-stranded conformational polymorphism
(SSCP) and one SSR marker cosegregate with the Rdri-
mediated black spot resistance, while one SSR and several
cleaved amplified polymorphic sequence or SSCP markers
are very tightly linked with one to three recombinants
among the 974 plants. The benefits of the molecular
markers developed from the R. multiflora contig for the
genetic analysis of roses and the integration of rose genetic
maps are discussed.
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Introduction

The black spot disease caused by the hemibiotrophic fungus
Diplocarpon rosae is a major problem in the production of
field-grown roses, as it causes significant losses each year
(Horst 2007). Rdrl, the single dominant resistance gene
against black spot disease in roses, was discovered and
characterised by Von Malek and Debener in 1998. Since
then, several molecular markers for the gene have been
developed (Von Malek et al. 2000; Kaufmann et al. 2003).
Except for one cleaved amplified polymorphic sequence
(CAPS) marker linked to Rdrl at a distance of 0.93 cM, all
other markers were single-stranded conformational poly-
morphism (SSCP) or amplified fragment length polymor-
phism (AFLP) markers. The multilocus AFLP markers are
not directly suitable for marker-assisted selection or posi-
tional cloning, and the SSCP technique is quite laborious and
time-consuming. Therefore, the development of closely
linked, robust molecular markers suitable for high-through-
put analyses, such as simple sequence repeats (SSRs), also
known as microsatellites, would be desirable for further
genetic analysis of the Rdrl locus in roses. SSRs suitable
across the genus Rosa also represent valuable anchor markers
for the combination of different rose chromosome maps.
Kaufmann et al. (2003) constructed a BAC library from
Rosa rugosa covering 5.2 genome equivalents. The choice
of R. rugosa as a source of DNA to construct the library
was based on information regarding the small genome size
of this species. Its 1 C DNA content is estimated to be
0.5 pg (Yokoya et al. 2000), corresponding to 489 Mb
(Dolezel et al. 2003), while, for example, the R. multiflora
genome is almost twice as large with a 1 C content of
0.83 pg or 812 Mb (Dickson et al. 1992). From the
R. rugosa library, a contig was assembled around the black
spot resistance gene Rdrl comprising six BAC clones and
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spanning a physical region of about 400 kb. The genetic
region was restricted to 0.18 cM on each side of the gene
by one recombinant among 538 plants. To identify the
corresponding genomic region in R. multiflora, we made
use of markers derived from the R. rugosa contig to screen
a genomic library made from a homozygous resistant R.
multiflora hybrid with reduced insert sizes in a BIBAC
vector that also allows plant transformation.

In the present study, we report the assembly of a new
minimal contig from R. multiflora clones spanning the
Rdrl locus. SSR, CAPS and SSCP markers tightly linked
to or cosegregating with Rdrl and suitable for the genetic
analysis in the rose genus are presented. The usefulness of
the newly developed SSR markers as anchor points on
different rose linkage maps as well as for genetic analyses
will be discussed.

Materials and methods
Plant materials

All roses used in the present study are part of the genotype
collection of the Department of Molecular Plant Breeding,
Institute for Plant Genetics, Leibniz University of
Hannover, Germany. In addition to the original mapping
populations 97/7, 97/8 and 97/9 comprising 538 plants, five
new populations were generated by back-crossing one het-
erozygous resistant individual of the F1 population 95/13 to
the homozygous susceptible genotype 82/78-1 (Kaufmann
et al. 2003, Table 1). All populations are diploid.

Construction of a R. multiflora BIBAC library

The Rosa multiflora hybrid line 88/124-46, homozygous for
the black spot resistance gene Rdrl (Von Malek and Deb-
ener 1998), was used to construct a large insert genomic
DNA library. The binary vector pCLD04541 (Jones et al.
1992), which was designed for Agrobacterium-mediated
plant transformation and is capable of stable maintenance of

Table 1 Crossing parents and population sizes of the new mapping
populations

Population Crossing parents Number of
(female x male) individuals

97/10 95/13-94 x 82/78-1 260

06/1 82/78-1 x 95/13-90 92

06/2 82/78-1 x 95/13-39 17

06/3 95/13-39 x 82/78-1 45

06/4 95/13-90 x 82/78-1 27

Sum 441
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large DNA inserts (Tao and Zhang 1998), was selected as a
cloning vector. Isolation of high molecular weight DNA,
partial restriction with HindlIIl, size selection, ligation and
transformation were performed as described by Kaufmann
et al. (2003), with a modification in the fragment size range.
We selected DNA fragments of 50-150 kb for cloning.

About 60,000 clones were robotically arrayed in 384-
well microtiter plates and were gridded in duplicate on
22.5 x 22.5 cm Hybond N4 membranes (GE Healthcare,
Freiburg, Germany) in a 5 x 5 format at the Max-Planck-
Institut fiir Ziichtungsforschung (Cologne, Germany) using
a Microgrid Robot (Biorobotics, Cambridge, UK). Filters
were processed and hybridised using standard protocols
(Sambrook and Russell 2001).

BIBAC library screening procedure and contig
assembly

The R. multiflora BIBAC library was screened with a set of
R. rugosa BAC end probes spanning the Rdrl genomic
region and one resistance gene analogue (RGA) probe. End
probes were amplified in a vectorette PCR (Matallana et al.
1992) as previously described in Kaufmann et al. (2003).
The RGA probe was prepared from a 388-bp PCR product
amplified under standard PCR conditions and at an
annealing temperature of 56°C with the following RGA
specific primers: helpl 5-TTTGCGTCTTTCTTGCTAA-
3" and help2 5'-CTTCTTCAGGCTCACATTTC-3'.

The DNA of the positive clones was restricted with
HindIIl and EcoRI, separated on agarose gels and analysed
in Southern blot hybridisations. Positive clones were con-
firmed by hybridisation to R. rugosa probes, and overlaps
were analysed with probes generated from clone ends.

Development of molecular markers
from clone end sequences

The clone ends were sequenced by Agowa (Berlin,
Germany) or GATC Biotech (Konstanz, Germany).
Molecular markers for the end sequences of the contig
clones were developed by designing specific primers with
Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/
primer3_www.cgi) using the default parameters. PCR
assays were performed with 20 ng of genomic DNA or 1 ng
of BAC-DNA in a total volume of 25 pl containing 10 pmol
forward and reverse primers (Eurofins MWG Operon,
Ebersberg, Germany), 1 unit of Tag polymerase (Bioline,
Luckenwalde, Germany), 0.2 mM deoxy-nucleotide tri-
phosphates and 2.5 mM MgCl, in the buffer provided by the
manufacturer. PCR conditions were as follows: initial
denaturation for 3 min at 94°C, 30 cycles of 45 s at 94°C,
45 s at 56-68°C (Table 2), 1 min 72°C, followed by a
final extension step for 10 min at 72°C. To generate
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polymorphisms between the rose genotypes, PCR products
were digested with different restriction enzymes and sepa-
rated by standard agarose gel electrophoresis on 2% gels or
by nondenaturing polyacrylamide gel electrophoresis on
0.5 x mutation detection enhancement (MDE; Biozym,
Hessisch Oldendorf, Germany) gels. Restriction fragments
were visualised by ethidium bromide staining in agarose
gels or silver staining in MDE gels for SSCP analyses (Orita
et al. 1989).

Analysis of SSR markers

SSR-PCR reactions were performed with 10 ng of geno-
mic DNA in a total volume of 7 pl containing 4 pmol
forward and reverse primers, one of which was labelled
with IRD700 or 800 (Eurofins MWG Operon), 1 unit of
Taq polymerase, 0.2 mM deoxy-nucleotide triphosphates
and 1.4 mM MgCl, in the buffer provided by the manu-
facturer. PCR conditions were as follows: initial denatur-
ation for 3 min at 94°C, 30 cycles of 30 s at 94°C, 30 s at
58 or 60°C (Table 3), 45 s at 72°C. After PCR, 100-250 ul
of formamide loading dye (98% formamide, 10 mM
EDTA, 0.05% pararosaniline) was added, and 0.5 pl was
separated in a 6% denaturing acrylamide gel by means of
an automatic LI-COR sequencer under the following con-
ditions: 1,500 V, 31.5 W, 34 A, 45°C.

SSR data analysis and integration of SSR markers
into rose chromosome maps

A measure of the information content of a given DNA
marker is the polymorphic information content (PIC) value.
According to Anderson et al. (1993), the PIC values for the
SSR markers were calculated as follows:

k
PIC=1-) P}
i=1

where k is the total number of alleles detected for a given
marker locus and P; is the frequency of the ith allele in the
set of genotypes investigated.

Map construction and integration of SSR markers into
the map were performed as described by Linde et al. (2006)
with Version 3.0 of JoinMap (Stam 1993; Van Ooijen and
Voorrips 2001) using a LOD threshold of 10.

Results

Construction and characterisation of the R. multiflora
BIBAC library and contig assembly

We constructed a BIBAC library from the homozygous
resistant R. multiflora hybrid 88/124-46 comprising 59,136
clones. One hundred and thirty clones were randomly
selected and analysed by NotI digestion and pulsed field gel
electrophoresis. The average insert size was estimated to be
48 kb. Twenty clones (15%) had no insertion or inserts
smaller than 10 kb. The genome size of R. multiflora is
estimated to be 812 Mb (Dickson et al. 1992); therefore,
our R. multiflora library contains 3.2 genome equivalents.

To identify clones matching the R. rugosa contig from
the R. multiflora library, we used BAC end-derived
markers defining the telomeric and the centromeric end of
the R. rugosa contig as well as an RGA fragment of the
TIR-NBS-LRR class that was distributed on several of the
R. rugosa clones (Kaufmann et al. 2003). The resulting 50
positive clones were characterised and assembled by
hybridisation to probes from within the contig and by
HindIII fingerprinting. In this way, we assembled about 30
overlapping BIBAC clones. Two steps of chromosome
walking were necessary to connect one side of the contig to
the centromeric end of the R. rugosa contig defined by
clone 55014. However, no overlap to the proximal clone

Table 2 CAPS and SSCP markers derived from BAC clone end sequences

Marker  Origin Primer sequences (5'—3') Expected product  Ann. temp. Restr. Marker  Recomb.
(BAC clone) length (bp) (°C) enzyme type freq.*

72F 72G18 FW:TGAGCAGCCGAAAATGAAGC 760 60 Mboll SSCp 0.001
BW:GCTGCAGGAGCTGCAAAACC

29F 2903 FW:AGGATTTGGACGGTTCAGTG 2,679 55 Mboll SSCp 0
BW:CCTGTTACTCGCCTTCTTCG

124F 124F13 FW:GACTGCTCCTGAAGTCCTGC 671 56 Hinfl CAPS 0.001
BW:GGGACTATATTCAGCTGCG

69F 69E24 FW:CCATGGCTAAGGGATGAAAG 694 68 Mboll SSCP 0.002
BW:GATGTCATGAACCCTCGAC

53R 53A15 FW:TTGTGCAGGCTGAAAGTGCAA 1,041 56 Mbol CAPS 0.003

BW:CCCGCCTCCGGTCATGATGT

? Recombination frequency calculated as number of recombinants among 974 plants
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Table 3 SSR markers derived from partial contig sequences

Marker Derived SSR Primer sequences (5'—3’) Exp. length Ann. temp. Recomb.

name from clone motive of product (bp) (°C) freq.”

29Mic 2903 (CA), F:ACAAAACATGCCCTCTTGCT 162 58 -
R:GCTCTTGAGGCATGAATTGG

155SSR 155F3 (GA)y F:GAAAAGAACGAGGGGTTTCC 157 58 0
R:ACGGTCGGTAATCAAGATGC

69Mic 69E24 (AG)o F:GGTTTGGGTTTTATTTGCTTTG 249 60 0.001

R:ACGCAAGAAAATGAGGGGTA

* Recombination frequency calculated as number of recombinants among 974 plants

end with marker 55T was achieved. As furthermore
R. multiflora BAC clones isolated with marker 20T from
the telomeric end of the R. rugosa contig could not be
immediately linked to the centromeric part of the contig,
we increased the mapping population to almost 1,000
segregating individual plants.

We first analysed the additional plants with two molec-
ular markers linked to each side of the gene at a distance of
about 2 cM. The SSR marker RMSO015, developed from R.
hybrida (CON/CIPIO GmbH, Sangerhausen, Publication
number WO/2003/097869) is located 2.26 cM telomeric to
Rdri. The CAPS marker Rdl, developed by Kaufmann
et al. (2003), is located 2.1 cM from the opposite side of the
gene, centromeric to Rdrl. Among these 441 plants of the
five new populations, we identified 28 recombinants
between the two flanking markers, in addition to the 14
recombinants detected in the original population of 538
plants. These were further analysed by inoculation with the
black spot isolate ‘Dort E4’ (Debener et al. 1998) and with
additional markers obtained from R. multiflora BAC clone
ends (Table 2; Fig. 1).

Fig. 1 Genetic and physical a
map of the Rdrl genomic region F
in R. multiflora. Genetic

distances were calculated as

recombination frequencies and

were directly converted to map

units. a Overlapping

R. multiflora BIBAC clones

forming the contig of about

300 kb. The core sets of clones

spanning the Rdrl region are

illustrated as black bars, others

are coloured grey; redundant

clones are not shown. F forward

end of clone, R reverse end of b

clone. b High resolution
] m |

mapping of the Rdrl genomic

Among the new markers, the SSCP marker 72F,
obtained from one end of clone 72G18, defined the telo-
meric end, whereas the CAPS marker 124F, obtained from
clone 124F13, defined the centromeric end of the contig.
No recombinants were detected via the SSCP marker 29F,
obtained from the inward end of clone 2903. Markers 69F
and 53R were mapped at 0.2 and 0.3 c¢M to the centromeric
end, respectively.

In conclusion, we could delimit the R. multiflora contig
spanning Rdrl to five BIBAC clones with the outermost
ends defined by end-derived markers detecting one
recombinant each among 974 plants, therefore restricting
the genetic interval to 0.2 cM.

A few R. rugosa BAC end markers failed to identify
corresponding sequences in the R. multiflora BAC contig.
Sequence analyses revealed that those R. rugosa BAC ends
not present on the R.multiflora contig shared high similarity
to retrotransposons. Interestingly, hybridization experi-
ments revealed that the positions of some R. rugosa-BAC
end sequences were inverted on the R. multiflora contig
(data not shown).
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Development of new SSR markers
based on sequence analysis

Within the scope of a running project aimed at sequencing
the complete Rdrl contigs from R. multiflora and R. rug-
osa, partial sequence information is available for the contig
clones (Terefe et al. in preparation). This allowed us to
identify some microsatellite motifs on the contig, three of
which were used for a conversion into SSR markers
(Table 3).

Marker 29Mic, derived from BAC 2903, is monomor-
phic between the parents in our mapping populations and is
therefore not suitable for mapping in this particular
population.

Marker 155SSR cosegregates without recombination to
Rdrl among the 974 plants. The primers bind to two sites
on BAC 2903 that are not separated by any recombination.
This results in the amplification of more than two SSR
fragments in diploids and more than four in tetraploids
(Table 4; Fig. 2). Furthermore, the heterozygous parents of

the mapping population 97/7 share one null-allele for
155SSR, resulting in 25% double null progeny (Fig. 2).

Marker 69Mic detects the same recombinant as CAPS
marker 124F. As this marker is derived from within the
clone and is easier to analyse (Fig. 2), it was used to define
the new centromeric border of the contig.

Benefits of new SSR markers
Application to diversity analysis

To evaluate the utility of the SSR markers 155SSR, 29Mic
and 69Mic in a broader range of rose taxa, we tested these
markers with DNA from 28 rose genotypes of different
species and varieties belonging to different sections of the
subgenus Rosa as well as different subgenera (Table 4).
This was done in comparison to marker RMS015 (CON/
CIPIO GmbH, Sangerhausen, Publication number WO/
2003/097869). The four markers detected between 8 and 17
different alleles, with 1-6 SSR fragments per genotype,

Table 4 Marker data of SSRs 155SSR, RMS015, 69Mic and 29Mic in various rose species and varieties

No. Species/variety/genotype Ploidy RMSO015 29Mic 155SSR 69Mic
1. R. multiflora hybrid 88/124-46 2x f - i h
2. R. multiflora hybrid 95/13-39 2x fi d il dh
3. R. multiflora hybrid 82/78-1 2x hi d In

4. R. multiflora hybrid 93/1-117 2x f f hi h
5. R. multiflora hybrid 93/1-119 2x bh df In ad
6. R. majalis D054001 4x n cfg Im 0
7. R. majalis 93/09-01 4x aek - eiloqr 0
8. R. majalis 93/09-02 4x aek cfg eiloqr 0
9. R. omeiensis 93/39-01 - aek cfg eilogr 1
10. R. multiflora 93/27-02 2x - - In ef
11. R. multiflora hybrid 91/100-5 2x fo - - bh
12. R. rugosa 2x m 1 0
13. R. wichuraiana Ahrensburg 2x ch e il ei
14. R. majalis D052001 4x bknp eh Igr fk
15. R. majalis D051001 4x mn g Ir h
16. R. foetida var. persiana 93/14-02 2x k adf 1 -
17. R. pisocarpa 93/33-01 2x fo ef il bh
18. R. wichuraiana England 2x de f hlpr eh
19. R. caudata 94/103-1 4x kn ef cdklq 0
20. R. pimpinellifolia 4x kn afg Ir 0
21. R. mollis 4x bkn b r gk
22. R. carolina - - ceg r hk
23. R. multiflora 93/27-04 2x fg e In ch
24. R. multiflora hybrid CT4 4x - e - h
25. ‘Heckenzauber’ 4x - f fgilmr 0
26. ‘Caramba’ 4x eio - abimr bk
27. ‘Mirato’ 4x - f abilmr k

Lower-case letters represent different marker fragments whereas a ‘0’ indicates a null allele in this genotype. Missing data are marked with ‘-’
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Fig. 2 Marker pattern for SSR a

markers 69Mic (a), 155SSR (b)
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Table 5 SSR marker characteristics in various rose species and
varieties

RMS015 29Mic  155SSR  69Mic
No. of plants analysed 24 23 28 14
No. of different alleles 15 8 17 10
Total no. of alleles 49 40 78 24
Polymorphic information 0.9 0.8 0.86 0.84

content

and had PIC values between 0.78 and 0.9 (Table 5). Even
marker 29Mic, which is not polymorphic in our mapping
population 97/7, detected several polymorphic bands
between the genotypes. Among these are the parents of
another mapping population (93/1-117 and 93/1-119) that
has been used to construct the first rose linkage map
(Debener and Mattiesch 1999).

Application of integration of genetic rose maps

The SSR markers 155SSR and RMSO015 (Fig. 2) were
integrated in two different genetic maps for rose popula-
tions 97/7 and 94/1 (Linde et al. 2006; Yan et al. 2005). In
both maps, they are located in the telomeric region of
linkage group 1, closely linked to Rdr! (Fig.3). The
application of these microsatellites confirms the estimated
position of the Rdr/ allele in the population 94/1, which is
not segregating for the resistance to the isolate DortE4.

@ Springer

Discussion

We constructed a contig around the Rdrl gene for black
spot resistance in roses and developed three new SSR
markers from the locus that can now be used in genetic
analyses of black spot resistance and linkage mapping.

As a prerequisite for cloning the Rdrl gene, we devel-
oped a BAC library from the R. multiflora hybrid 88/124-46
comprising about 60,000 clones with an average insert size
of 48 kb. This is the third published BAC library for roses
(Kaufmann et al. 2003; Hess et al. 2007). In contrast to the
first two libraries, it is made in a transformation—competent
vector that allows complementation with whole BAC
clones via particle bombardment (Ercolano et al. 2004). In
order to facilitate future complementation experiments, we
cloned fragments with average insert sizes smaller than
those generally used in BAC cloning projects (Cai et al.
1995; Marek and Shoemaker 1997; Woo et al. 1994).

For contig assembly, we made use of previously
developed molecular markers derived from a R. rugosa
BAC contig (Kaufmann et al. 2003). As the R. rugosa
genotype used for constructing the first library did not carry
the Rdrl allele conferring resistance and segregating in our
populations, we could not use the original clones for
complementation.

To narrow down the contig to a small number of clones,
we increased the resolution of the genetic map around Rdr!
by increasing the size of the original mapping population to
974 plants. This large number of individual plants
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94/1 LG1 97/7 LG1

0,0 RhACS1_1

09 RhACS1_2 0.0 NBS612-Sp3

4,1 RMS039_2 8,6 RMS070

6.5 RhACS1_5 10,9 CAg-ATT217-39
10,2 Rw11E5.6 11,5 CAC-ATC175-Sp3
15,8 P17M51-062 145 CAg-AAg165-Sp3
17,3 E35M48-130 163 CAg-Agg374-3_1
19,3 E35M61-213 210 CAg-ATT74-3_1
21,4 E35M50-087 230 CAg-ATg340-3_1
22,8 E33M62-125 268 CAg-AAQ166-39
24,1 P11M61-213 277 CAg-Agg202-Sp3
259 RhAB9-2 29,3 CAg-gCA219-3_1
27,6 E40M52-093 303 CAg-Agg90-39
29,2 E35M62-231 328 CAg-ATT133-39
33,3 P31M57-166 370 CAC-ATC260-Sp3
34,5 P11MB1-131 418 CAg-ATC208-3_1
37,2 ccd1_Rsal 436 CAg-ATC210-Sp3
39,8 RMS060 44,3 CAg-gCA111-3_1
423 E40M51-059 497 1g1-D10-K1-3_1
46,0 P37M51-252 504 1g1-D10-K6-3_1
483 P17M47-151 512 CAg-ATC252-39
51,6 T_1994_TPS-L 528 RMS108-1
51,9 RMS0971-1 55,6 12g1-E15-Sp3a
55,7 Rh79 63,8 Rd1-Hae
60,7 155SSR 64,6 Blackspot 155SSR
63,7 RMS008 69,5 RMS015
66,1 Rh79-1
68,4 RMS015
75,8 P17M47-149

Fig. 3 Genetic maps for linkage groups 1 of the populations 94/1 and
97/7. The markers 155SSR, RMSO015 and Rd1-Hae closely linked to
Rdrl are shown in bold

improved the genetic resolution to 0.1 cM on each side of
the contig. Thereby, the contig was restricted to five clones,
for a final size of 368 kb. We estimate that these BACs
span a region of about 300 kb, based on an estimation of
overlaps from HindlIIl fingerprints (data not shown). This is
a clear improvement as compared to the previous R. rugosa
contig spanning a physical distance of 400 kb, corre-
sponding to a genetic region of 0.36 cM (Kaufmann et al.
2003).

Not all of the R. rugosa BAC end sequences detected
corresponding clones in the R. multiflora contig. However, as
these BAC ends contained retroposon sequences, the missing
corresponding clones might indicate a different sequence
organisation of this region in R. rugosa and R. multiflora.

The locations of some R. rugosa-BAC end sequences
were inverted on the R. multiflora contig, which is also an
indication of rearrangements in the Rdrl region between
R. rugosa and R. multiflora. Such intergenic rearrange-
ments have often been observed, especially in complex
genomic regions containing resistance loci. Ballvora et al.
(2007) found gene-by-gene co-linearity disrupted by non-
allelic insertions of retrotransposon elements, stretches of
diverged intergenic sequences and differences in gene
content and even gene order between two homologous
chromosomes of one Solanum demissum genotype. Wicker
et al. (2005) reported a multitude of deletions and

insertions at the barley Hv-elF4E locus, as well as the
insertion of numerous transposable elements.

The complete sequence of one R. multiffora BIBAC
clone is available, and sequence analysis revealed the
presence of various copia-like retrotransposons on it (Terefe
et al. in preparation). These repetitive elements are also
dispersed over the whole R. rugosa contig and severely
impede correct contig assembly (Kaufmann et al. 2003).

From the partially available contig sequence, we
developed two SSR markers, one of which is cosegregating
among 974 plants with Rdrl (155SSR). Marker 69Mic
detects one recombinant on the centromeric side of the
gene, thereby representing the right border of the contig.

The third microsatellite marker, 29Mic, could not be
located in relation to the Rdrl gene, as it does not segregate
in our mapping populations. However, as it originates from
BAC 2903 also harbouring marker 155SSR, which is one
of the three central clones of the contig, it is both physi-
cally and genetically close to Rdr/ and is therefore useful
in mapping this locus in populations with different genetic
backgrounds. As 29Mic differs in size from the other two
SSRs, multiplexing of all three markers would be feasible
in automatic detection systems using fluorescently labelled
primers.

The new SSR markers represent a valuable tool for the
high-throughput analysis of the Rdr/ locus in roses. With
this marker set, it is possible to analyse additional segre-
gating rose populations in a short time, allowing for the
determination any new black spot resistance specificities
that map to the Rdrl interval. A recent example for the
application of these two markers is that of Whitaker et al.
(2009). Here, one resistance locus from the R. hybrida
variety ‘Love and Peace’ was found to cosegregate with
both markers whereas a new locus from the R. hybrida
variety ‘George Vancouver’ displayed independent
assortment from both indicating that a new resistance locus
named Rdr3 was found.

To evaluate the utility of our new SSR markers for
general applications in genetic analysis of roses, we ana-
lysed these markers in a set of additional genotypes. Some
of these belong to species from different sections of the
subgenus Rosa, such as R. majalis, R. rugosa, R. caudata,
R. pisocarpa (section Cinnamomea), R. foetida and
R. omeiensis (section Pimpinellifoliae) as described in
Wissemann (2003).

With a few exceptions due to PCR failures, all markers
detected several polymorphic bands in the rose species and
varieties analysed. PIC values were between 0.78 and 0.9,
indicating that all markers are highly informative and well-
suited for diversity analysis of roses.

Genetic maps have been previously constructed in dip-
loid (Dugo et al. 2005; Crespel et al. 2002; Debener and
Mattiesch 1999) and tetraploid (Zhang et al. 2006;
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Rajapakse et al. 2001) roses. These maps were constructed
with dominant multilocus markers. Hibrand-Saint Oyant
et al. (2008) and Yan et al. (2005) constructed genetic maps
including SSR markers. For the establishment of a con-
sensus linkage map for roses, SSRs can be used as anchor
points. Hibrand-Saint Oyant et al. (2008) demonstrated that
some of their SSR markers provide anchor points between
their maps and the tetraploid rose maps (Zhang et al. 2006).
Both SSR marker RMS015 and 155SSR, developed in this
study, represent anchor markers combining the genetic
maps for population 97/7 (Linde et al. 2006) and popula-
tion 94/1 (Yan et al. 2005). In both maps, the markers
could be integrated in linkage group 1 in close vicinity to
the black spot resistance gene Rdrl (Fig. 3). The new SSR
markers may contribute to the construction of a rose con-
sensus map and provide a valuable tool for identifying the
location of Rdrl in other genetic maps. Markers 29Mic and
69Mic, which have not yet been mapped, are both poly-
morphic between the parents of mapping population 94/1
(93/1-117, 93/1-119). Additionally, the latter marker is
polymorphic between the parents of population 97/7 (95/
13-39, 82/78-1), demonstrating their potential for map
integration.
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