
Abstract A segregating population of 91 hybrids issued
from a cross between a dihaploid rose, derived from the
haploidisation of a modern cultivar, and a diploid species
was used to construct linkage maps of the parental geno-
mes. As in other recent genetic studies in Rosa, AFLPs
were used as molecular markers. Two segregating quali-
tative traits, recurrent blooming and double corolla, 
already known to be inherited as single recessive and
dominant genes, respectively, were recorded in the map-
ping population. A quantitative trait, thorn density of the
shoots, was also evaluated in this population. Sixty eight
and 108 AFLP markers located on 8 and 6 linkage
groups could be analysed in the female and male parent,
respectively. The two recorded qualitative phenotypic
markers were mapped as well as the quantitative one, 
after having performed QTL analyses on the parental
maps in the latter case. It appears that thorn quantity is
controlled by a major and a minor QTL which are locat-
ed on the same linkage group at 36.5 and 3.2 cM from
the single seasonal-blooming gene, respectively.

Keywords Molecular markers · Marker assisted 
selection · QTL · Double corolla · Recurrent blooming ·
Thorn quantity

Introduction

Roses are the most important ornamental crop economi-
cally because of their popularity as garden, landscape
and pot plants or cut flowers, and their use as a source of
aromatic oils for the perfume industry (Gudin 2000).
They represent a difficult material for genetic studies 
because of their high heterozygosity (Rowley 1966; 
Berninger 1992; Gudin and Mouchotte 1996), ploidy
levels (Berninger 1992; Jacob et al. 1996), plus well-
known difficulties in sexual reproduction, from pollina-
tion to seed germination, often resulting in small proge-
nies (Buck 1960; Gudin 1995; Gudin and Mouchotte
1996). As a direct consequence, the inheritance of only a
few morphological and physiological traits is known 
in roses. Thus, male sterility in Rosa setigera Michx.,
single seasonal blooming, moss character, dwarfness, 
resistance to blackspot disease, and double corolla are
inherited as single dominant genes (Lewis and Basye
1961; Semeniuk 1971; De Vries and Dubois 1978, 1984;
Dubois and De Vries 1987; Von Malek and Debener
1998; Debener 1999). Moreover, the pink colour of the
flower (versus white) and the presence of thorns are 
inherited either as single dominant genes or pairs of
complementary genes (Debener 1999).

Nowadays, molecular markers are commonly used in
several crop species for genetic studies, including the
construction of linkage maps and mapping of qualitative
and quantitative traits. In the Rosaceae, maps have for
instance been developed in Malus, Prunus and Rosa
(Chaparro et al. 1994; Hemmat et al. 1994; Debener and
Mattiesch 1999; Debener et al. 2001a; Rajapakse et al.
2001). These maps are a prerequisite to marker-assisted
selection, which is of interest for breeders (Gudin 1999).
Since it is difficult to produce segregating populations
based on the inbred genotypes in Rosa, the pseudo-test-
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cross strategy (Grattapaglia and Sederoff 1994) may be
applied because of the high heterozygosity available in
the genus. This strategy corresponds to the study of the
segregation of a maximum of four alleles in the offspring
of a cross between two heterozygous genotypes. It has
been applied to Rosa by Debener and Mattiesch (1999)
and Debener et al. (2001a) who used dominant markers,
such as random amplified polymorphic DNA (RAPD),
amplified fragment length polymorphism (AFLP) mark-
ers, sequence-characterised amplified region (SCAR)
markers, and codominant markers such as microsatellites
and restriction fragment length polymorphism (RFLP)
fragments, to establish a linkage map on material derived
from crosses with Rosa multiflora Thunb. ex Murr., 
different garden roses, and open pollination. On these
maps, three qualitative traits were located: a double 
corolla, pink flower colour and resistance to black spot
disease. An additional qualitative trait, the presence of
prickles on the petiole, was also located on another rose
map (Rajapakse et al. 2001). Finally, Debener et al.
(2001b) mapped quantitative trait loci (QTLs) control-
ling the number of petals.

The present work was made in an attempt (1) to con-
firm the location of the double corolla character on an
original rose material, and (2) to map additional genes
controlling other important morphological traits corre-
sponding to both qualitative traits and QTLs on material
resulting from a cross between a dihaploid Rosa hybrida
L. and the diploid Rosa wichuraiana Crép. This original
material, partly derived from the haploidisation of the
modern tetraploid cv Zambra, has been developed in the
frame of an introgression program of “wild” useful
genes, and it has already been used in different genetic
studies (El Mokadem et al. 2000; Crespel et al. 2001a, b;
El Mokadem et al. 2001). As recently applied to roses
(Debener and Mattiesch 1999; Debener et al. 2000; 
Crespel et al. 2001a, b; Rajapakse et al. 2001; Zhang et
al. 2001), AFLPs were used in this study.

Materials and methods

Plant material

A segregating population (Hw) of 91 diploid (2n = 2x = 14) inter-
specific hybrids issued from a cross between H190 a dihaploid
rose and the diploid species R. wichuraiana, was used as the 
mapping population. H190 resulted from the haploidisation of the
4x R. hybrida cv Zambra. It was obtained by in situ parthenogene-
sis induced by using irradiated pollen (γ-rays at 600 Gy) and 
embryo rescue, as described by Meynet et al. (1994). H190 is a
recurrent blooming, double-flowered and thornless rose, whereas

R. wichuraiana is single seasonal blooming, single flowered and
thorny. The ploidy level of the hybrid progeny was determined by
flow cytometry, as described by Jacob et al. (1996). The plants
were maintained in a heated greenhouse at the National Agronomy
Research Institute in Fréjus. The crosses were carried out and the
plants cultivated as described by El Mokadem et al. (2000).

Phenotyping the double corolla and recurrent blooming characters

The segregating traits, recurrent blooming and double corolla, in-
herited as single recessive and dominant genes, respectively, were

recorded in the mapping population. The scorings were realised
during 1 year, following germination.

Recurrent blooming

It was recorded as the ability to form flowers continuously. As
previously observed by De Vries and Dubois (1984), recurrent
blooming plants started to flower a few weeks after germination
whereas single seasonal blooming plants did not flower in the
greenhouse during the first year of growth.

Double corolla

Only the recurrent blooming plants could be recorded for this trait.
The flowers were inspected visually in the greenhouse. As prac-
ticed by Debener (1999), all the plants with an average petal num-
ber of more than seven petals were considered to be double, while
plants with an average number of less than seven petals were con-
sidered to be single.

DNA isolation and AFLP analyses

Total DNA was isolated from frozen young leaf tissue as indicated
in Zhang et al. (2001). The AFLP core reagent and starter primer
kits were purchased from Life Technologies (Gibco BRL) and
AFLP analyses were performed as described by Vos et al. (1995).
Total genomic DNA (125 ng) was digested with 1.25 U of EcoRI
and 1.25 U of MseI in 12.5-µl reaction mixtures (Gibco BRL Life
Technologies) at 37 °C for 2 h. After complete digestion, EcoRI
and MseI adapters, 0.5 U of T4 DNA ligase, and ligation buffer
(Gibco BRL Life Technologies) were added and the mixture was
incubated for 2 h at 20 °C.

The preamplification reaction was performed with 2.5 µl of
template DNA (1:10 solution diluted from the restriction-ligation
mixture), using a pair of primers based on the sequences of the
EcoRI and the MseI adaptaters, including one additional selective
nucleotide at the 3′ end (E + 1, M + 1), as described by Vos et al.
(1995). The selective amplification reaction was also performed
with two primers based on the same sequences as the E + 1 and M
+ 1 primers, but with two additional selective nucleotides at the 3′
end of each primer. The EcoRI primers were labeled by phospho-
rylating the 5′ end with [γ-33P]ATP for fragment detection, as 
described by Vos et al. (1995).

The polymerase chain reaction (PCR) products were mixed
with an equal volume of tracking dye (95% formamide, 10 mM of
NaOH, 0.05% bromophenol blue, 12.5% saccharose, and 0.05%
xylene cyanol), denatured at 92 °C for 3 min. Aliquots (4 µl) of
each reaction were loaded onto a denaturing 5% polyacrylamide
gel (acrymamide-bisacrylamide 29:1) in 0.5 × TBE (50 mM of
Tris, 50 mM of boric acid, 1 mM of EDTA, pH 8) and 7.5 mM of
urea; 0.5 × TBE was used as the electrophoresis buffer. Gels were
run at constant power (55 W), fixed, dried and exposed to a Kodak
BioMax X-ray film for 2–4 days before developing. Twenty AFLP
primer combinations (Table 1) were used. 

Scoring of data

PCR fragments generated in the AFLP analyses were scored as
dominant markers. Only the polymorphic markers characterizing
one parent (present in H190 and absent in R. wichuraiana, or vice
versa) that segregate in the progeny were considered. Markers
were recorded as present or absent, coded according to the JOIN-
MAP program manual (Stam and Van Ooijen 1995).

Designation of AFLP markers

AFLP markers were designated after the names of the two primers
(e.g. E1M1), followed by a number reflecting the fragment posi-
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tion on the gel. The numbers given to the markers are classified
according to ascending molecular weight.

Map construction

Map construction was performed with the software program
JOINMAP version 2.0 (Stam and Van Ooijen 1995). The marker
data were collected separately for markers present only in H190,
and present only in R. wichuraiana. Markers that did not fit a 1:1
ratio were not used in mapping. Ratio conformity for each marker
was tested by a χ2 test (P ≤ 0.005). Separate maternal (i.e. H190)
and paternal maps (i.e. R. wichuraiana) were calculated. The de-
termination of linkage groups of markers originating from H190
and R. wichuraiana were done with the logarithm of the odds ratio
(LOD) thresholds of 6.0 and 7.0, respectively. The calculations of
the linkage maps were done using all pairwise recombination esti-
mates <0.499 and a LOD score >0.001 (ripple value = 1, jump
threshold = 5, triplet threshold = 7, Kosambi mapping function).

QTL mapping for the number of thorns

Thorns were numbered between the fifth and seventh nodes on at
least three different shoots (all counted shoots had similar vigour,
as appreciated by their length and diameter) for each parent and
offspring individuals. Three scorings were made during the sum-
mer of 2000. High correlation coefficients characterized the three
scorings. Hence, the average of the three scorings was used for
QTL analysis.

The normality of the average number of thorns distribution
was evaluated by using histograms and normal probability plots.
The statistical analyses were performed by using the MINITAB
statistical software.

QTL analysis was performed on each parental map with the
MultiCrossQTL software (Rebaï et al. 1997), using interval map-
ping by the regression method. A LOD score threshold of 2.0 was
set to identify the putative presence of a linked QTL in the inter-
val, as used by Lander and Botstein (1989). The proportion of
phenotypic variation relative to each QTL was estimated via linear
regression between the identified region and the trait. When more
than one identified region from a single linkage group was linked
to a QTL, the R2 values generally reached a peak at one position
and decreased when moving away from this peak. The presence of

a single QTL at this position was then hypothesized, and the peak
was used to estimate its effect. If two peaks were present on 
the same linkage group and if they were more than 50 cM apart,
two QTLs were hypothesized to be present at the corresponding
positions.

When one or more QTLs with major effects were observed,
their effects were eliminated to seek QTLs with more narrow 
effects, which are likely to be hidden otherwise (Lin et al. 1995).
The residual variance used in the detection procedure was adjusted
by subtracting the variance explained by the fixed QTL(s). How-
ever, in this case, the percentage of variation individually ex-
plained by the additionally detected QTLs could not be estimated.

Results

AFLP analysis

Among the 64 AFLP primer combinations (8 EcoRI and
8 MseI), 20 (Table 1) were chosen for their ability to re-
veal a high polymorphism level in R. hybrida, as de-
scribed by Zhang et al. (2001). A total of 288 segregat-
ing markers with an average of 14.6 markers per primer
combination resulted from the AFLP analyses.

One hundred and thirty six and 152 markers were in-
herited from H190 and R. wichuraiana, respectively. The
segregation ratios were tested with a standard χ2 test.
The markers with significant deviations from the expect-
ed segregation ratios at P = 0.005 varied from 28.9% to
50% (Table 2). The proportion of markers with skewed
segregation ratios was higher for the markers inherited
from H190 than for those inherited from R. wichuraiana. 

Map construction

In H190, the two-point analysis grouped 68 AFLP mark-
ers in eight linkage groups (LOD score = 6.0). Among
these linkage groups, six are major ones that include 4 to
29 markers and two are minor ones, with two markers
each. During the mapping steps, five markers causing
high χ2-jumps during the ordering process or represent-
ing double recombinants were dropped. The average size
of the eight linkage groups was 29.8 cM, ranging from
61.1 to 5.5 cM. The map covers a total length of
238.4 cM with an average distance between markers of
3.7 cM.

In R. wichuraiana, 108 AFLP markers were assem-
bled in 6 linkage groups (LOD score = 7.0). The six 
linkage groups were formed by 4 to 30 markers. Two
markers remained unlinked. Sixteen markers causing
high χ2-jumps during the ordering process or represent-
ing double recombinants were dropped. The average size
of the six linkage groups was 47.8 cM, ranging from
65.3 to 32.7 cM. The whole map covers a total of
287.3 cM with an average marker density of 3.1 cM.

Several markers on linkage groups in H190 (A1, A4)
and R. wichuraiana (B1, B2, B3, B4, B5) are strongly
clustered (Fig. 1). The largest gap in the map is located
on linkage group B4 between the markers E5M8.02 and
E2M3.05. It corresponds to 20.7 cM. 
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Table 1 Selective AFLP primers used to generate markers in the
segregating population Hw

AFLP primer combination EcoRI primers MseI primers

E1M1 E-AAC M-CAA
E1M2 E-AAC M-CAC
E1M3 E-AAC M-CAG
E2M1 E-ACA M-CAA
E2M2 E-ACA M-CAC
E2M3 E-ACA M-CAG
E2M4 E-ACA M-CAT
E2M5 E-ACA M-CTG
E3M2 E-ACT M-CAC
E3M4 E-ACT M-CAT
E3M6 E-ACT M-CTT
E4M1 E-AGG M-CAA
E4M2 E-AGG M-CAC
E4M3 E-AGG M-CAG
E4M5 E-AGG M-CTG
E4M6 E-AGG M-CTT
E5M3 E-ACC M-CAG
E5M4 E-ACC M-CAT
E5M7 E-ACC M-CTA
E5M8 E-ACC M-CTC



Mapping of phenotypic markers

Recurrent versus single seasonal blooming, segregating
in a 1:1 ratio, indicates monogenic inheritance (χ2

1 df =
2.47, 0.05 < P < 0.1). According to Debener (1999) 
and assuming that recurrent blooming H190 is homozy-
gous recessive rr, this segregation ratio suggests that 
R. wichuraiana is heterozygous Rr. Tight linkage of the
corresponding gene, r4, could be detected on linkage
group B4 to the markers E4M1.21 (0 cM, LOD = 26.1),
E2M1.02 (0 cM, LOD = 26.9), E2M1.05 (0 cM, LOD =
26.9), E2M5.05 (0 cM, LOD = 26.5), E2M4.09 (1.1 cM,
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Table 2 Analysis of marker segregation for two different marker types in Hw

Item From H190 From R. wichuraiana Total

Number of markers analysed in the segregating population 136 152 288
Expected segregation ratios 1:1 1:1
Number of markers with deviation from the expected ratio at P = 0.005 68 (50%) 44 (28.9%) 112 (38.8%)

Fig. 1 Linkage maps of the dihaploid H190, parthenogenetically
derived from R. hybrida cv Zambra (A1-A8), and of the diploid
species R. wichuraiana (B1-B6). Map distances in cM are listed
on the left and loci on the right of each linkage group. The locali-
sations of the two genes controlling double corolla, d6, recurrent
blooming, r4, and the minor QTL, t4b, are indicated by arrows.
The major QTL region, t4, is indicated by a brace



LOD = 24.1), E1M2.10 (1.1 cM, LOD = 23.5), E5M4.05
(1.1 cM, LOD = 24.5), E3M6.14 (3.1 cM, LOD = 21.3),
E5M7.11 (3.1 cM, LOD = 20.2) and E4M1.16 (3.1 cM,
LOD = 20.8), in coupling (Fig. 1).

H190 is characterized by double corollas (>15 petals)
and recurrent blooming, whereas R. wichuraiana is sin-
gle flowered (five petals in the corolla) and with single
seasonal blooming. Double versus simple corollas, seg-
regating in a 1:1 ratio, indicates monogenic inheritance
(χ2

1 df = 0.23, 0.5 < P < 0.7). According to Debener
(1999) and assuming that single-flowered R. wichuraiana
is homozygous recessive dd, this segregation ratio sug-
gests that H190 is heterozygous Dd. Tight linkage of the
corresponding gene, d6, could be detected on linkage
group A6 between the markers E3M4.07 (10.9 cM, LOD
= 4.8) and E2M5.06 (4.7 cM, LOD = 6.1), in repulsion
(Fig. 1).

QTL mapping for the number of thorns

The frequency distributions of the number of thorns for
the mapping population are shown in Fig. 2. Normal
probability plot tests rejected the normal distribution 
hypothesis for thorn quantity (P < 0.05). The distribution
of the number of thorns in the progeny was bimodal,
suggesting the effect of a major genetic factor. The aver-
age number of thorn values in the mapping population
display a continuous range from totally thornless to very
thorny plants, suggesting the action of QTLs (Fig. 2). In-
terestingly, 11 individuals had significantly more thorns
than the “thorny” parent, R. wichuraiana, characterised
by an average of 4.25 thorns between the fifth and sev-
enth nodes. 

A significant (P < 0.05) correlation was observed be-
tween the average number of thorns and single seasonal
blooming (r = 0.45).

As a result of the MultiCrossQTL analysis, the num-
ber of thorns is controlled by a major QTL, t4, which is
responsible for 66.4% of the phenotypic variation. The
peak of the LOD score (LOD = 36.4) for t4 is located be-

tween E4M1.01 and E5M8.02 on the group B4 of the 
R. wichuraiana map. Once t4 is fixed, a minor QTL t4b,
appears, which explains 13.8% of the phenotypic vari-
ance. The peak of the LOD score (LOD = 2.9) for t4b is
located on marker E5M7.11, at a distance of 39.7 and
3.2 cM from t4 and r4, respectively.

Discussion

Map construction

As previously done in roses by Debener and Mattiesch
(1999) and Rajapaske et al. (2001), the double pseudo-
testcross strategy was used in combination with the
AFLP technique to construct the first female and male
linkage map based on an interspecific cross between a
dihaploid rose derived from R. hybrida cv Zambra and
diploid R. wichuraiana. Because AFLPs are dominant
markers, two types of segregation are generated using
this format. The markers which are heterozygous in only
one parent segregate in a 1:1 present:absent ratio in the
progeny, and markers heterozygous in both parents seg-
regate in a 3:1 present:absent ratio. One interest of the
double heterozygous markers is that they allow homolo-
gous linkage groups from the parental maps to be
aligned, through the use of “locus bridges” (Echt et al.
1993). However, these markers were not used to con-
struct the present maps because double heterozygous
markers are less informative than single heterozygous
ones, as the dominant-allele progenies comprise three 
indistinguishable genotypes (+ +, + –, and – +).

Because of the wide genetic diversity of the rose 
species and varieties at the origin of the material used 
by previous authors (Debener and Mattiesch 1999; 
Rajapaske et al. 2001) and in the present study, the dif-
ferent maps obtained are difficult to compare. As previ-
ously shown by Debener et al. (2001a), each parental
map should contain seven linkage groups, consistent
with the seven chromosomes corresponding to the hap-
loid number in rose. The eight and six groups found in
H190 and R. wichuraiana, respectively, indicate that
gaps or breakpoints still remain in these maps. It will
thus be necessary to increase the number of molecular
markers and the size of the segregating population in or-
der to saturate these linkage maps, and eventually bridge
the gaps. The first rose maps based on RAPD and AFLP
markers, using a population of 60 F1 hybrids resulting
from a cross between two diploid half-sib rose geno-
types, covered a total of 326 and 370 cM for the female
and male parent, respectively (Debener and Mattiesch
1999). More recently, 52 F2 seedlings resulting from the
open pollination of a F1 tetraploid hybrid issued from a
cross between a blackspot resistant amphidiploid and the
tetraploid sensitive cv “Basye’s Blueberry” were used to
construct new maps (Rajapaske et al. 2001). The amphi-
diploid had been obtained by an in vitro colchicine treat-
ment of the meristems of a hybrid issued from a cross
between R. wichuraiana “Basye’s Thornless” and Rosa
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rugosa var. rubra. The lengths of the resulting female
and male maps corresponded to 682 and 902 cM, respec-
tively.They have to be divided by two, to be compared
with Debener and Mattiesch’s or the present results, as
they corresponded to a tetraploid material. These values
from earlier studies are comparable with the ones of 
the present maps. Although they are much smaller than
map lengths from other plant species, such as apple with
950 cM (Hemmat et al. 1994), tomato with 1,276
cM (Tanksley et al. 1992) and rice with 1,670 cM 
(Nagamura et al. 1993), they are comparable to what was
obtained in Arabidopsis with 520 cM (Hauge et al.
1993), sugar beet with 508 cM (Nilsson et al. 1997), and
diploid strawberry with 445 cM (Davis and Yu 1997).
The average distances between the markers in the 
present study provide a density marker coverage compa-
rable to that of the Debener and Mattiesch (1999) and
Rajapaske et al. (2001) studies. This coverage can be
considered as “medium”, compared to the high-density
maps obtained in tomato (Tanksley et al. 1992) and 
Arabidopsis (Hauge et al. 1992), or the low-density maps
obtained in strawberry (Davis and Yu 1997) and Citrus
(Cai et al. 1994).

The clustering of markers on specific areas of the
linkage groups is a commonly observed phenomenon,
which could be explained by a reduced recombination
rate around the centromeres (Tanksley et al. 1992; 
AlonsoBlanco et al. 1998) and by the tendency of some
marker types such as AFLPs to map in clusters (Nilsson
et al. 1997; AlonsoBlanco et al. 1998; Debener and
Mattiesch 1999).

Segregation distortion

A notable proportion of markers (38.8%) displayed 
distorted segregation (P = 0.005). Such high levels of
segregation distortion have already and frequently been
reported: 16–45.3% in roses (Debener and Mattiesch
1999; Crespel et al. 2001b), 25.5% in potato (Gebhardt
et al. 1989), 12–59% in rape (Kianian and Quiros 1992),
and 30% in banana (Faure et al. 1993). Distorted ratios
are most commonly explained by pre- and/or post-zygot-
ic selection. Since there was no selection in Hw and
seedling survival was >70%, post-zygotic selection is
unlikely to have occurred. However, sources of uninten-
tional seedling selection caused by putative low vigour
cannot be excluded. A gametophytic incompatibility
system has been described in R. rugosa (Ueda et al.
1996). The existence of interparental incompatibility 
alleles could explain the distorted segregations that were
observed. Chromosomal rearrangements (Tanksley 1984;
Kianian and Quiros 1992; Faure et al. 1993) or gametic
selection due to certation as shown in rice (Nakagahra
1986), can also result in distorted segregations. In the
present experiment, segregation distortion was much
more frequent in the female than in the male parent, sug-
gesting the occurrence of some form of selection at the
female gamete level. Distorted segregations have indeed

been previously described as a consequence of genetic
divergence between the parent plants (Kianian and
Quiros 1992).

QTLs for the number of thorns

QTL mapping studies using a pseudo-testcross format
differ from those using inbred populations as in the for-
mer case up to four different QTL alleles may be pres-
ent in the two parents. Because the two parents are not
derived from the same F1, their QTL alleles may indeed
differ. If the genotype of one parent is Q1Q2 at the QTL
locus, and the other parent is Q3Q4, for single heterozy-
gous markers, the QTL analysis compares the difference
between the average trait value of (Q1Q3 + Q1Q4) versus
(Q2Q3 + Q2Q4) in the first parent, and (Q3Q1 + Q3Q2)
versus (Q4Q1 + Q4Q2) in the second one (Grattapaglia et
al. 1995). Thus, the quantitative value of alternative
marker genotypes is measured as the effect of one allel-
ic substitution averaged over potentially two alternative
alleles inherited from the other parent. In the event of a
QTL linked to a double heterozygous marker, with
band-absent marker alleles linked to Q2 and Q4, the
QTL analysis compares the difference between the trait
value of (Q2Q4) versus the average of (Q1Q3 + Q1Q4 +
Q2Q3). Specific intralocus interactions cannot be tested,
because the QTL genotype of each parent is unknown
and the information provided by dominant markers is
limited. As a consequence, more variation occurs in this
system because the effect of the QTL allele-substitution
is measured against a heterogeneous background.
Hence, this study may have only detected loci with spe-
cific genetic configurations and/or strong effects. In ad-
dition, the additivity/dominance ratio of QTLs could not
be estimated, either due to the lack of a homozygous
dominant class or because the homozygous dominant
class could not be differentiated from the heterozygous
one.

Despite these limitations, the t4 and t4b QTLs pres-
ently detected can explain a large part of the phenotypic
variation for the number of thorns. Moreover, the pres-
ence of 11 transgressive individuals in Hw which do not
fit in the parental variation range for the number of
thorns is in favour of the existence of two independent
controlling loci (De Vicente and Tanksley 1993). This is
in accordance with the important distance observed be-
tween t4 and t4b. However some additional QTLs may
have remained undetected. QTLs putatively located on
chromosomal segments that are not yet mapped cannot
be identified. Furthermore, QTLs with minor effects are
known to be difficult to detect when the population size
is limited (Lander and Botstein 1989; Moreno-Gonzalez
1992; Darvasi et al. 1993), as it was in the present study.
The QTL t4 has a major effect on the number of thorns
and is probably responsible for the bimodal shape of the
distribution for the studied trait. Moreover, when the
plants with the average numbers of thorns <1 and ≥1
were pooled in “thornless” and “thorny” groups, respec-
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tively, the observed segregation did not fit a 1:1 (thorn-
less:thorny) ratio (P < 0.05). These results confirm the
oligogenic nature of the presence/absence of thorns, as
previously proposed by Debener (1999).

The single seasonal blooming character appears to be
poorly correlated to thorn quantity. The single seasonal
blooming gene r4 is located at 36.5 and 3.2 cM from t4
and t4b, respectively. The genetic control of these traits
has not been shown to be independent until now. They
could thus be linked and this would explain the observed
correlation.

Application of the map

The current maps can be used to locate genes of impor-
tant ornamental traits for both cut and garden roses, as
predicted by De vries and Dubois (1996) and Krüssmann
(1986). Tightly linked molecular markers were obtained
for the three studied traits, double corolla, single season-
al blooming and thorn quantity. Rose breeders generate
large hybrid populations in order to recombine traits
from different varieties, and actual plant breeding is
mostly based upon phenotypic selection. Markers that 
allow selection at the seedling stage of traits expressed
lately during plant development could be especially use-
ful in most of the woody species because of their long
generation cycle.

The population used in this study is of special interest
as it segregates for the qualitative and quantitative traits
presently analysed, but it also seems to segregate for
powdery mildew resistance (data not shown). This resis-
tance could soon be characterized in the population using
a recently described standardized in vitro test (Ferrero et
al. 2001).
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