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Abstract Sclerotinia stem rot, caused by fungus Scle-
rotinia sclerotiorum, is one of the most devastating dis-
eases in rapeseed (Brassica napus L.). We report the
identification of Quantitative trait loci (QTL) involved
in the resistance to S. sclerotiorum in two segregating
populations of DH lines: the HUA population, derived
from a cross between a partially resistant Chinese winter
line (Hua dbl2) and a susceptible European spring line
(P1804); and the MS population, derived from a par-
tially resistant French winter cultivar (Major) and a
susceptible Canadian spring cultivar (Stellar). A petiole
inoculation technique and two scoring methods, days to
wilt (DW) and stem lesion length (SLL), were used for
the resistance assessment. A total of eight genomic re-
gions affecting resistance were detected in the HUA
population, with four of these regions affecting both
measures of resistance. Only one region, which affected
both measurements, was detected in the MS population.
Individual QTL explained 6-22% of the variance. At
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five of the QTL from both populations, alleles from the
resistant parent contributed to the resistance. QTL on
N2 from the HUA population had the highest LOD
score and R” value and was detected for SLL in the first
evaluation. The N12 resistance allele in Hua dbl2 was
detected in a region containing a homeologous non-re-
ciprocal transposition (HNRT) from the resistance-
containing portion of N2. This result suggests that QTL
in the N12.N2 HNRT enhanced the resistance of Hua
dbl2 by increasing the dosage of resistance genes. The
relationship of QTL from different genetic backgrounds
and their associations with other agronomic traits are
discussed.

Introduction

Sclerotinia stem rot (white mold), caused by fungal
pathogen Sclerotinia sclerotiorum (Lib.) de Bary, is a
major disease in many crop species worldwide. More
than 400 plant species have been reported as hosts of
this pathogen, including important crops such as
soybean, sunflower, and alfalfa (Purdy 1979). In recent
years, it has been one of the most destructive diseases
of oilseed Brassica species in China, and in North
Dakota and Minnesota in the United States. Yield
losses can be up to 80% in severely infected fields in
China (Oilcrop Research Institute, Chinese Academy
of Sciences 1975), and as high as 50% in the United
States (http://www.whitemoldresearch.com/HTML/ca-
nola.cfm). Breeding canola cultivars with high levels of
durable resistance is a high priority for crop breeding.
Although no host genotypes with complete resistance
to S. sclerotiorum have been identified in any crop
species, some have partial resistance (Wegulo et al.
1998; Hartman et al. 2000; Kim et al. 2000; Hoffman
et al. 2002; Vuong and Hartman 2003), including
some Chinese winter lines of B. napus that have con-
sistently shown high level of resistance (Zhou et al.
1994; Zhao et al. 2004). These resistance sources could
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be used in genetic studies of S. sclerotiorum resistance
and in breeding programs to select for cultivars with
high levels of resistance.

Molecular markers and quantitative trait loci
(QTL) mapping methods have been used in the iden-
tification of loci related to resistance to S. sclerotiorum
in several crop species including soybean, common
bean, and sunflower. In soybean [Glycine max (L.)
Merr], 28 resistance QTL were identified on 14 linkage
groups in five populations of recombinant inbred lines
(RIL), with each QTL explaining 4-10% of the phe-
notypic variation (Arahana et al. 2001). In common
bean (Phaseolus vulgaris L.), different resistance alleles
were identified from various accessions. These QTL
were located on different linkage groups and few were
consistent in all the accessions surveyed (Miklas et al.
2001; Kolkman and Kelly 2003). In sunflower (He-
lianthus annuus L.), Mestries et al. (1998) reported that
resistance to S. sclerotiorum was under polygenic
control and complex, and separate QTL were identi-
fied for capitum and leaf resistance. Bert et al. (2002)
reported the detection of up to 15 QTL on several
linkage groups that explained 7-14% of the pheno-
typic variation in a population of F,.; families in
sunflower.

In all these QTL mapping studies of S. sclerotiorum
resistance, the detected QTL accounted for only a small
portion of the phenotypic variation, the response was
dependent on evaluation conditions, and different QTL
were detected in different populations. In oilseed B. na-
pus, Zhao and Meng (2003a) detected three QTL in-
volved in leaf resistance at the seedling stage and three
different QTL for stem resistance at plant mature stage
in a segregating population from a cross between a
partially resistant Chinese winter line (NingRS-1) and a
winter male-sterility restorer line. However, these QTL
have yet to be confirmed, since the mapping was con-
fined to a single population of F5; families evaluated in
one location.

Segregating populations of doubled haploid (DH)
lines have been used extensively in QTL mapping
studies because they are immortal populations, com-
pletely homozygous at every locus and can be used for
replicated trial in different years and locations. Several
DH populations have been developed in Brassica
species and used for molecular map construction and
QTL studies (Ferreira et al. 1995a, b; Toroser et al.
1995; Thormann et al. 1996; Kole et al. 2002; Quijada
2003; Udall et al. 2005). In this study, we report the
identification of QTL for S. sclerotiorum resistance in
two segregating populations of DH lines. The objec-
tives were to identify QTL for S. sclerotiorum resis-
tance in a Chinese winter line and a French winter
cultivar, and to compare the resistance alleles identi-
fied in this study with those reported previously. Our
results suggest that resistance of the Chinese Winter
line was associated with duplication of a resistance
gene through a homeologous non-reciprocal transpo-
sition (HNRT) on N12.N2(T).

Materials and methods
Parental materials and populations

Brassica napus lines, Major and RV289, were identified
as partially resistant to S. sclerotiorum, and Stellar and
P1804 were identified as susceptible in a previous
screening study (Zhao et al. 2004). These lines had been
used previously as parents to develop mapping popula-
tions (Ferreira et al. 1994; Udall 2003). RV289 is a single
plant selected from Hua dbl2, provided by Dr. J. Meng
from Huazhong Agricultural University, China. Major
is a French winter cultivar and Stellar is a Canadian
spring cultivar. P1804 is an European spring DH line
having the male-sterility restorer gene of the SeedLink®
transgenic system (Mariani et al. 1992). Two segregating
populations of DH lines, derived from crosses of RV289
x P1804 (HUA population) and Stellar x Major (MS
population) were previously developed and genotyped
using molecular markers to build linkage maps (Ferreira
et al. 1994; Udall 2003). Agronomic traits including seed
yield, flowering time, plant height, seed quality, and
blackleg resistance were segregating in these populations
and had been previously analyzed (Ferreira et al. 1995a,
b; Toroser et al. 1995; Thormann et al. 1996; Osborn
et al. 1997, 2003; Udall et al. 2004).

Phenotypic evaluation

Randomized complete block designs were used to eval-
uate both populations for resistance to S. sclerotiorum.
An individual plant of each line represented the experi-
mental unit. For the HUA population, three evaluations
were conducted separately in controlled greenhouse
conditions at different times (planted on 27 October
2003; 12 November 2003; and 26 January 2004). Each
evaluation consisted of 152 DH lines, the two parents
and six other accessions with five replications. For the
MS population, 104 DH lines, the two parents and two
other accessions were included in one evaluation (plan-
ted on 14 May 2004) with six replications.

Seeds were planted in Scott’s Metro-mix 336p
(Scott’s-Sierra Horticultural Products Co., Mar;/sville,
OH 43041, USA) into flats that held 24 8-cm~ pots.
Seedlings were thinned to one plant per pot and were
grown in a greenhouse under 350-450 pmol m % s™!
lights with 16 h photoperiod provided by sunlight and
supplemental artificial lighting at a constant temperature
of 21°C. Plants were watered and fertilized to achieve
optimal growth.

A petiole inoculation technique was used to inoculate
4-week-old seedlings (Zhao et al. 2004). Isolate 105HT,
collected from soybeans in Iowa in 1999 and provided
by Glen Hartman, USDA/ARS, University of Illinois,
was used as the pathogen to challenge the plants. Iso-
lates were cultured on potato dextrose agar (PDA: 25%
potato extract, 2% dextrose, 1.5% agar) and incubated



at 22-25°C under 45 pmol m 2s™! wide spectrum
lights. An 8-mm thick PDA plug that was taken from
the advancing edge of the mycelium was used as inoc-
ulum to challenge plants. Responses were recorded as
days to wilt (DW) each day after inoculation, and stem
lesion length (SLL) in centimeters measured at day 4
post-inoculation.

Statistical analysis

Normality of frequency distributions was checked using
the UNIVARIATE procedure of SAS (SAS Institute
2001). Error variances of the individual evaluations for
the HUA population were heterogeneous as determined
by the Bartlett’s test. Thus, the three evaluations were
analyzed separately.

Least square means for DW and SLL were calculated
for each DH line in each population using the MIXED
procedure of SAS (SAS Institute 2001). Pearson’s cor-
relation coefficients between DW and SLL were calcu-
lated using the CORR procedure of SAS for the means
of each line. The narrow-sense heritability of DW and
SLL in the HUA population and the broad sense heri-
tability of DW and SLL in the MS population were
estimated and exact 95% confidence intervals were cal-
culated according to Knapp et al. (1985). QTL associ-
ated with DW and SLL in each population and each
evaluation were identified using the CIM procedure
within the QTL Cartographer suite of computer pro-
grams (QTLcart V1.16; Basten et al. 2002). The likeli-
hood of a QTL and its corresponding effect at every
2 cM was estimated. Four to nine cofactors for each
trait were selected by SRmapqtl using a forward—back-
ward regression algorithm (cofactor in for P<0.01;
cofactor out for P>0.05). Cofactors within 10 cM on
either side of the QTL test site were not included in the
Zmapqtl QTL model (Model 6) to avoid the inclusion of
putative tail effects of the tested chromosome position.
A 1,000-permutation test of shuffling the phenotypes
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means with the genotypes was performed to estimate a
significance threshold of the test statistic for a QTL
based upon a 5% experiment-wise error rate (Doerge
and Churchill 1996). In the HUA population, the LOD
thresholds for significance were 2.84, 2.86, and 2.88 for
SLL in the three evaluations, respectively, and 3.0 for
DW in all three evaluations. In the MS population, the
LOD thresholds for significance were 3.2 for SLL and
2.8 for DW in one evaluation.

Results
Phenotypic data and segregation in the populations

Both RV289 and Major showed higher level of resis-
tance than P1804 and Stellar measured by DW and SLL
except in evaluations 2 and 3 of the HUA population
where RV289 and P1804 were not significantly different
for SLL and DW2. The narrow-sense heritabilities of
DW and SLL were 65 and 79%, respectively, in the
HUA population and the broad-sense heritabilities of
DW and SLL were 73 and 77% in the MS population,
indicating that genetic variance accounted for a large
portion of the phenotypic variance of S. sclerotiorum
resistance. There was transgressive segregation in both
populations with some lines showing higher levels of
resistance or susceptibility than the two parents
(Table 1). The most susceptible lines started wilting by
day 3, and all plants had wilted by day 7 after inocula-
tion. This result indicates that the resistance to S. scle-
rotiorum exhibited in both parents was partial, and the
resistance mechanism could involve a delay in the dis-
ease progress.

The DH lines of both populations showed continuous
distribution for DW and SLL, suggesting multi-genic
control of resistance, and the two populations were
normally distributed in all the evaluations, except for
DW in evaluation 1 of the HUA population which was
skewed toward the resistant parent RV289 (Fig. 1). The

Table 1 Analysis of the response to Sclerotinia sclerotiorum in the doubled haploid lines of the HUA and MS populations and their

corresponding parents

Evaluation Trait® Range Average Resistant parent® Susceptible parent®

HUA population

1 DWI1" 2.9-6.0 3.7 4.8+0.5¢ 3.240.5
SLL1™ 1.5-8.9 4.6 2.3+0.8 6.6+£0.8

2 DW2 3.0-7.2 4.2 4.840.6 4.0+0.6
SLL2 0.7-6.3 2.5 1.6+0.8 22408

3 DW3"" 3.3-6.6 4.6 7.0+0.5 44405
SLL3 1.0-5.2 2.3 12404 1.84+0.4

MS population

1 DW™" 3.6-6.2 4.3 5.5+0.3 3.84+0.3
SLL™ 0.8-6.7 3.9 22406 5.5+0.6

4DW days to wilt, SLL stem lesion length measured in centimeter

PResistant parents: RV289 in the HUA population and Major in the MS population
“Susceptible parents: P1804 in the HUA population and Stellar in the MS population

9Mean + standard error

**Significant difference for the two parents at P<0.05 and P<0.01, respectively
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Fig. 1 Frequency distributions of doubled haploid lines from the
HUA (a, b) and the MS (¢, d) populations in response to one
evaluation of S. sclerotiorum resistance. Days to wilt were
measured each day post-inoculation and stem lesion length was

DW and SLL scores within each evaluation were sig-
nificantly correlated in the HUA population (rpwi.sLr1
—0.64; rpwasii: = —0.75; rpws sz = —0.63) and
in the MS population (rpw.sr . = —0.65). SLL among
three evaluations in HUA population were moderately
correlated (rsirisire = 0.58; 7 sprisies = 0.52; r
strasies = 0.60), consistent with a significant treat-
ment by evaluation interaction (P <0.01). This interac-
tion was mainly due to the response of intermediate
resistant lines to the pathogen challenge in each evalu-
ation, while highly resistant or susceptible lines were
consistent among evaluations.

Identification of QTL for S. sclerotiorum resistance

Seven distinct QTL for SLL were identified in the three
separate evaluations of the HUA population. In each
evaluation, the number of QTL identified varied from 2
to 6, with each QTL explaining 6-22% of the phenotypic
variation (Table 2, Fig. 2). For three QTL (S//14b, Sii16,
and S/119), P1804 (the susceptible parent) contributed the
resistance allele. S//16 was detected in all three evalua-
tions at approximately the same position of linkage
group N16 and accounted for 6-15% of the phenotypic
variation. S/l14b and SII19 were detected only in evalu-

Number of lines

251

207

Stellar

\

2527293133353739414345474951535557596.163656769717375

Major

Days to wilt

measured in centimeters on the 4th day post-inoculation. Days to
wilt and stem lesion length of the four parents RV289, P1804,
Major, and Stellar are shown

ation 1 and each explained 8% of the phenotypic varia-
tion. For the remaining QTL (S//2, SII5, SIlI12, and
Sil14a), RV289 (the resistant parent) contributed the
resistance allele. SI/12, located on the top of N12 in an
interval of 12 ¢cM, was detected in the first evaluation
explaining 6% of the phenotypic variation, and the same
genomic region had elevated LOD scores of 2.3 and 2.1,
respectively, in evaluations 2 and 3, which were just be-
low threshold values. S//14a was detected approximately
at the same positions in two evaluations and it explained
approximately 6% of the phenotypic variation. Thus,
N14 may contain two segregating QTL regions in the
HUA population (S/lI14a and S/l14b) that affect resis-
tance, but their allelic effects were in opposite directions.
SII5 had a significant effect in evaluation 2, explaining
10% of the phenotypic variation, and an effect just below
the LOD threshold (LOD score of 2.6) in evaluation 1.
The QTL located on the top of N2 explained the largest
proportion of the variance and had the highest LOD
score in this study; however, it was only significant in one
evaluation. QTL alleles on N2 and N12 were located in a
HNRT region in which a segment of N2 had been
transposed to N12 via a previous homeologous exchange
in the Hua dbl2 parent (Udall et al. 2005). Thus, the
resistance alleles on N2 and N12 might be identical by
descent.
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Table 2 Putative QTL for resistance to Sclerotinia sclerotiorum detected in the segregating doubled haploid lines of the HUA and MS

population
QTL® Linkage group® Evaluation Position (cM) © Marker® CI¢ LOD R? (%)4 Additive effect®
HUA population
Si2 N2 1 11.0 pX115cH 4.4-16.6 11.9 22.0 —0.67
Dw3 N3 1 68.0 pW169aH 63.0-68.6 3.0 6.5 0.20
Sils N5 2 32.8 pX133eH 24.7-43.8 3.7 10.2 —0.30
Sii2 NIi2 1 9.4 pX133bH 5.1-17.8 4.1 6.1 —0.34
Dwi2 NI12 1 15.1 pW251fH 8.0-26.0 5.6 12.3 —0.23
3 15.1 pW251fH 7.7-29.5 33 7.9 —0.22
Sill4a  Nl4 1 354 pW137bH 19.8-39.5 6.3 10.6 —0.54
3 37.4 pW137bH 11.2-40.9 3.9 7.6 —0.21
Sili4b  Nl4 1 55.3 pX123eH 50.7-59.8 44 7.9 0.47
NI N16 1 32.7 pW242cH 31.0-35.9 3.9 5.9 0.39
2 32.7 pW242cH 21.9-35.5 4.3 10.1 0.35
3 32.7 pW242cH 17.5-36.0 7.5 14.9 0.35
Dwli6 N16 2 32.1 pW134cH 31.6-35.9 5.8 12.8 0.36
Si19 N19 1 1.73 pX115bH 0.2-7.3 5.0 7.7 0.40
Dwi9 N19 1 16.2 pW229aH 10.1-26.0 3.5 8.4 0.20
MS population
Sii3 N3 1 24.6 E33M47 18-28.6 3.6 11.1 —0.43
Dw3 N3 1 24.6 E33M47 22.6-26.1 8.0 22.7 —0.39

4QTL were designated using the initials of stem lesion length and days to wilt followed by a number indicating the linkage groups. An
alphabetical letter a or b was added if more than one QTL were found in one linkage group

Linkage groups were designated according to Parkin et al. (1995)

“Peak effect of the QTL, the closest marker and the 1-LOD score confidence interval (CT)

dproportion of the phenotypic variation explained by the QTL

®Negative values mean alleles from the resistant parent increase resistance, positive values mean alleles from the susceptible parent enhance
resistance. Stem lesion length was measured in centimeters and days to wilt were measured by each day post-inoculation

Four significant QTL for DW were identified in the
three evaluations of the HUA population. In each
evaluation, the number of QTL identified varied from 1
to 3, with each QTL explaining 6-12% of the phenotypic
variation. QTL Dwli2 was detected in the evaluations 1
and 3 and had the resistance allele from RV289. It was
located on the top of N12 and had a 1-LOD confidence
interval that overlapped with S//I2. The other three
QTL (Dw3, Dwl6, and Dwl9) were only detected in
single evaluations, and the P1804 allele contributed to
the resistance. Dwl6 and Dw19 had overlapping 1-LOD
confidence intervals with QTL S//16 and S//19 (Table 2,
Fig. 2). There was a fifth QTL of DW with a LOD score
just below the threshold (2.1) on linkage group N2,
which had the same allelic effect and a 1-LOD confi-
dence interval that overlapped with S/[2 (data not
shown).

One significant region was detected on N3 in the MS
population which affected both DW and SLL. This QTL
explained 22 and 11% of the phenotypic variation for
DW and SLL, respectively, and alleles from Major (the
resistant parent) contributed to S. sclerotiorum resis-
tance for both measurements.

Discussion
Correlations between DW and SLL

A petiole inoculation technique was used for disease
evaluation in this study, and two scoring methods, DW

and SLL, were used to measure the resistance. Corre-
lations between DW and SLL were higher within each
evaluation than were the correlations of single mea-
surements between evaluations. Significant treatment by
environment interactions was detected, and the interac-
tion was more significant for DW than for SLL. The
three evaluations were conducted under greenhouse
conditions, and each was planted at different times of
year using artificial lights as a supplement to sunlight.
Thus, different environmental conditions could have had
different effects on plant growth and the progress of
disease development.

Quantitative trait loci for S. sclerotiorum resistance
identified in this study

A total of nine distinct QTL regions were detected on
seven linkage groups in the B. napus genetic map, eight
QTL in the HUA population, and one in the MS pop-
ulation. At four of the QTL in the HUA population, the
combined effect of alleles from the resistant donor par-
ent RV289 increased resistance by reducing the SLL an
average of 1.8 cm for the three evaluations. The resis-
tance alleles at the remaining 4 QTL detected in the
HUA population were from P1804, suggesting it con-
tains cryptic alleles for resistance. In the MS population,
only one significant QTL was detected and it was located
in a different genomic region than the QTL detected in
the HUA population. Additional QTL might have been
detected in the MS population if it had been evaluated
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multiple times. The QTL identified in these two popu-
lations need to be verified by deriving independent seg-
regating lines and testing these lines for resistance.

The four QTL regions on N2, N12, N16, and N19 in
the HUA population and the one QTL region in the MS
population were associated with both DW and SLL. For
each region, the DW and SLL QTL had overlapping
1-LOD confidence intervals and the resistance alleles
came from the same parent, suggesting that these regions
contained loci which controlled both traits. The
remaining QTL on N3, N5, and N14 in the HUA pop-
ulation were detected only for either DW or SLL. This
could be due to specific environmental conditions that
limited the detection of corresponding QTL, or that
these regions contain specific QTL for either DW or
SLL. DW scores recorded how fast the plant initiated
the response to S. sclerotiorum infection, while SLL
measured the response after disease progress. Therefore,
these measurements might reflect two different mecha-
nisms which are controlled in part by different genes.

Chromosomal rearrangements and resistance

Brassica napus is hypothesized to have originated by
hybridization of B. rapa and B. oleracea (Song and

Osborn 1992; U 1935). N2 is of B. rapa origin and N12 is
the homeologous chromosome from B. oleracea (Parkin
et al. 1995). De novo and pre-existing HNRT have been
observed for these chromosomes that presumably arose
from a homeologous exchange between N2 and N12,
and the resistant parent RV289 has a pre-exiting HNRT
on N12 [N12.N2(T)] (Udall et al. 2005). Since we de-
tected alleles for resistance from RV289 on both N2 and
NI12 in the region of this HNRT, the resistance on
NI12.N2(T) may be due to an identical B. rapa allele
from N2. Thus, this rearrangement might have increased
resistance in RV289 by increasing the dosage of resis-
tance alleles. Among the segregating lines of the HUA
population, three classes (representing marker loci
pX115 to pW251 from top of N2 to the middle of N12)
were present with respect to allelic dosage on N2 and
NI12: class 1 had N2 and NI12 alleles from RV289 (4
doses of the resistant B. rapa allele), class 2 had N2
alleles from RV289 and N12 alleles from P1804 or N2
alleles from P1804 and N12 alleles from RV289 (2 doses
of the resistant B. rapa allele), and class 3 had N2 and
N12 alleles from P1804 (0 doses of the resistant B. rapa
allele). Based on the result from evaluation 1, class 1
genotypes showed higher resistance (SLL=3.5 cm) than
class 3 genotypes (SLL=5.2 cm), and class 2 genotypes



were intermediate (SLL=4.6 cm). Other Chinese winter
accessions with high levels of resistance, such as CK821,
seem to have a similar HNRT as detected by PCR-based
markers developed from RFLP markers in this region
(data not shown). For these genotypes, the association
between genome rearrangements in this region and
resistance needs further investigation.

Another chromosomal rearrangement also might
have influenced the segregation of resistance. The sus-
ceptible parent P1804 has a pre-exiting homeologous
reciprocal transposition (HRT) between N7 (B. rapa
origin) and N16 (B. oleracea origin) (Udall et al. 2005),
and the transgenes for herbicide resistance and male-
fertility restoration are located in this region on N7. In
the development of these lines, application of herbicide
was used to select for DH lines having the male-fertility
restorer gene; and thus, the entire population was fixed
for P1804 alleles in this region of N7 (Udall et al. 2005).
Due to the HRT in P1804, the alleles on N7 are of B.
oleracea origin. DH lines that inherit the normal N16
chromosome from RV289 (B. oleracea origin) have
greater intergenome homozygosity and lower seed yield
(Osborn et al. 2003; Udall 2003). Thus, the increase in
susceptibility associated with RV289 allele on N16 may
be due to a loss of general vigor resulting from greater
intergenome homozygosity.

Quantitative trait loci resistance and other agronomic
traits

Resistance QTL on N2 and N12 were also in the same
genomic regions as QTL for flowering time (Udall 2003),
although the correlation between flowering time and S.
sclerotiorum resistance was not very high (r=0.52). We
do not yet know whether the S. sclerotiorum resistance
and flowering time QTL correspond to the same locus
with pleiotropic effects or whether they represent the
effects of closely linked genes. From the results of our
previous screening experiments, we found that RV289
and other Chinese winter accessions showed high levels
of resistance to S. sclerotiorum both at the seedling and
flowering stages when internodes are more elongated
(Zhao et al. 2004). Thus, the resistance expressed in
RV289 does not appear to be due entirely to difference in
internode length associated with flowering time. Fur-
thermore, we found QTL located on N5, N14, and N16
that were not near flowering time QTL (Udall 2003), and
the QTL for resistance we found in the MS population
was not located near a flowering time QTL (Osborn et al.
1997). The introgression of the N2 and NI12 resistance
alleles into another background and breakage of the
potential linkages between genes for resistance and
flowering time may help dissect these associations.
Breeding cultivars with canola quality (low erucic
acid content and low glucosinolate content in the seed)
have become an essential part of oilseed B. napus
breeding. Zhao and Meng (2003b) reported that two
QTL for S. sclerotiorum resistance had overlapping
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confidence interval with QTL for seed glucosinolate
content with resistance linked to high glucosinolate.
Whether this relationship is due to linkage or pleiotropy
remains to be seen. Although both the HUA and MS
populations segregated for glucosinolate content
(Toroser et al. 1995; Udall 2003), we did not find cor-
respondence between the locations of QTL for seed
glucosinolate content and S. sclerotiorum resistance in
either population.

Quantitative trait loci for S. sclerotiorum resistance from
different sources

Six QTL for S. sclerotiorum resistance in B. napus were
reported previously in a population derived from
NingRS-1 x H5200; three conferred leaf resistance at
the seedling stage and three others were involved in stem
resistance at plant mature stage (Zhao and Meng 2003a).
None of these QTL appears to correspond to the nine
QTL reported here for the HUA and MS populations.
Zhao and Meng (2003a) detected an effect on N17 where
we also found a weak effect in the HUA population (one
evaluation, LOD score of 2.5). These may represent the
same resistance locus, and there may be additional loci
in common among the parents that were undetected
because of unmapped genomic regions, inability to de-
tect small effects, or genotype X environment interac-
tions which could be identified by further study. The fact
that the remaining QTL were specific for each popula-
tion suggests that S. sclerotiorum resistance in Hua dbl2,
Major, and NingRS-1 is due, at least in part, to alleles at
different QTL. Combining the different resistant alleles
characterized in these studies may ultimately provide
high levels of resistance that could be useful for breeding
resistant canola cultivars. Additional studies are needed
to determine the individual and combined effects of
these QTL alleles in different genetic backgrounds.
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