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Abstract Sclerotinia stem rot is one of the most
serious diseases in rapeseed (Brassica napus) due to
the lack of resistance sources. A high level of
resistance was reported in Brassica oleracea cyto-
deme, one of parental species of rapeseed. In this
study, a panel of 55 resynthesized lines of B. napus
(RS lines) derived from seven wild and two cultivated
types of B. oleracea was evaluated for Sclerotinia
resistance over 2 years. Relative to “Zhongyou 821°, a
cultivar of B. napus with partial resistance against S.
sclerotiorum, RS lines exhibited stronger stem resis-
tance. Although the resistant level of RS lines was
lower than that of corresponding parental B. oleracea,
a moderate correlation between resistance of RS line
and corresponding parental B. oleracea type was
found both for leaf (r = 0.74, P = 0.02) and stem
(r =0.69, P = 0.04). Our data suggests that the RS
lines are important resources to improve Sclerotinia
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resistance of current rapeseed. A breeding strategy is
discussed to enhance the Sclerotinia resistance of
rapeseed by using B. oleracea.
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Introduction

Sclerotinia stem rot, caused by the fungal pathogen
Sclerotinia sclerotiorum, is one of the most serious
diseases in rapeseed (Brassica napus) (Dunker and
Tiedemann Dunker and von Tiedemann 2004; Hind
et al. 2003; Lamey 2003; Pope et al. 1989). In the field,
the stem and pod of rapeseed are infected by this
pathogen, resulting in yield loss. To breed resistant
rapeseed variety is an economical and ecological
sustainable way to control this disease, but complete
resistance is unavailable in current rapeseed.
Brassica napus (AACC), originated from interspe-
cific hybridization between B. rapa (AA) and
B. oleracea (CC). It has a narrow genetic basis partly
due to its intensive modern breeding and short history
of origination and domestication (Becker et al. 1995,
Seyis et al. 2003). In contrast, the parental species
B. oleracea, including various cultivated and wild
types, shows a much wider genetic diversity (Mei et al.
2011a; Snogerup et al. 1990) and harbors some elite
traits such as high resistance against Peronospora
parasitica (Mithen et al. 1987; Mithen and Magrath
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1992), Aleyrodes proletella (Ramsey and Ellis 1994)
and Delia radicum (Ellis et al. 1999). More recently,
we have found high levels of resistance against
Sclerotinia in B. oleracea cytodeme, such as B.
rupestris, B. incana, B. insularis and B. villosa (Mei
et al. 2011b).

Resynthesis of a rapeseed line (RS line) is an
effective strategy to improve current rapeseed via
widening genetic diversity (Girke et al. 2012a),
enhancing heterotic potential (Girke et al. 2012b;
Udall et al. 2004), and transferring elite traits from
parental species (Abawi et al. 1975; Crouch et al.
1994; Diederichsen and Sacristan 1996; Dreyer et al.
2001; Happstadius et al. 2003; Walsh et al. 1999). In
order to verify the hypothesis that the Sclerotinia
resistance of rapeseed can be improved using resyn-
thesized B. napus, a panel of RS lines derived from
various types of B. oleracea was screened and the
resistance against S. sclerotiorum was compared with
the resistance of the parental B. oleracea as identified
in our previous research (Mei et al. 2011b). Our data
suggest that the Sclerotinia stem resistance of rape-
seed can be improved by using B. oleracea.

Materials and methods
Plant materials

A panel of 55 RS lines, collected from Gottingen
University and Southwest University (Supplement
Table 1), were sown in two crop seasons, 2010-2011
and 2011-2012, in the experimental field of Southwest
University, Chongqging (China). A randomized com-
plete block design with two replications was
employed, twenty plants of each plot in two rows,
with 30 cm between rows and 25 cm within rows. The
donors of C subgenome of the RS lines were seven
wild and two cultivated types of B. oleracea, which
had been identified as resistant against Sclerotinia in
our previous research (Mei et al. 2011b).

Resistance assessment

The S. sclerotiorum isolate utilized in Mei et al.
(2011b) was used in this study. The plugs (6 mm in
diameter) punched from the growing margin of 3-day-
old culture of S. sclerotiorum on PDA (potato dextrose
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agar, 20 % potato, 2 % dextrose and 1.5 % agar) were
used as inoculums in resistance evaluation.

The fourth leaves at nine-to-twelve-leaf stage and
stems at flowering stage were detached in the field
plots and used to evaluate Sclerotinia resistance
according to the method of Mei et al. (2011b, 2012).
Briefly, an artificial inoculation was performed in
closed inoculation chamber in the laboratory, in which
the infection temperature and humidity was main-
tained at 22 °C and 95 %, respectively. Three indi-
viduals of each RS line were tested in each evaluation.
The lesion size of inoculated leaves and lesion length
of inoculated stems 3 days after inoculation (DAI)
were collected.

Statistical analysis

A registered rapeseed cultivar in China, ‘Zhongyou
821°, with partial resistance against S. sclerotiorum
was used as resistant control. Relative susceptibility
(S) to ‘Zhongyou 821’ was calculated based on the
equation S = V/V_,,.,01, Where V is the value of the
accession tested for leaf (lesion size) or stem resis-
tance (lesion length), while V., is that of ‘Zhong-
you 821°.

Analysis of variance (ANOVA) was conducted
using the general linear model procedure with SAS,
version 6.07 (SAS Institute 1992). Pearson’s simple
correlation coefficients were calculated between vari-
ables of interest.

Results

The resistance was screened in stem and leaf among
RS lines (Fig. 1). The size of lesion in leaf ranged from
11.53 to 19.60 cm® in 2010 and from 5.84 to
11.34 ¢m?in 201 1, while the length of lesion in stem
ranged from 3.51 to 7.45 cm in 2010 and from 4.12 to
8.23 cmin 2011. In order to compare the resistance of
RS lines across 2 years, a relative susceptibility to
‘Zhongyou 821° was calculated (supplement Table 1;
Fig. 2). The average relative susceptibility of the RS
lines was 1.11 and 0.77 in leaf and stem, respectively,
ranging from 0.88 to 1.36 in leaf and from 0.42 to 1.02
in stem. It indicates that RS lines have stronger
resistance in stem than in leaf relative to ‘Zhongyou
821°.
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Fig. 1 Symptoms 3 days after inoculation in leaf (A) and stem
(B) of partial resistant check “Zhongyou 821’, parental line of B.
oleracea, resynthesized line of B. napus and parental line of B.
rapa from left to right

Table 1 shows the result of ANOVA for the relative
susceptibility among RS lines. Significant differences
for leaf and stem resistance were detected among RS
lines, as well as among types of parental B. oleracea
(P < 0.01). Significant differences of resistance for
year-by-leaf interaction (P < 0.01), but not for year-
by-stem interaction (P = 0.37) were detected, indi-
cating that the stem resistance is more stable than leaf

5]

Table 1 ANOVA of relative susceptibility to “Zhongyou 821’
in leaf and stem among resynthesized B. napus

Source MS in leaf MS in stem
Years 0.01 6.91%*
Replications within years 0.12 0.01
Parental types of B. oleracea 0.29% 0.29%
Genotypes 0.09* 0.03*
Genotypes x Years 0.10% 0.01

* Significance at P = 0.01 level

resistance in RS lines. A low and non significant
correlation of resistance between leaf and stem (r =
—0.18, P = 0.25) suggested that different genetic
mechanisms separately control stem and leaf resis-
tance of RS lines.

To investigate the resistance transfer from B.
oleracea into B. napus, the mean resistances of all
RS lines derived from the same type of B. oleracea
were compared with those of corresponding type of
B. oleracea as identified in the previous study (Mei
et al. 2011b). Although the resistant level of RS lines
was lower than that of corresponding parental
B. oleracea, a moderate correlation of resistance was
found between them in both leaf (r = 0.74, P = 0.02)
and stem (r = 0.69, P = 0.04) (Fig. 3).

These results indicate that the resistance of resyn-
thesized rapeseed lines is associated closely with that
of the parental B. oleracea type, and that the stem
resistance of rapeseed against Sclerotinia can be
improved by using B. oleracea.

Discussion

In comparison with ‘Zhongyou 821°, most RS lines
exhibited higher resistance level especially in stem,
indicating diverse resistance mechanism in RS lines
and current rapeseed. More recently, two major

Fig. 2 The relative
susceptibility to ‘Zhongyou
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Fig. 3 Relative susceptibility to “Zhongyou 821’ in leaf A and
stem B for resynthesized lines classified by the type of parental
B. oleracea and corresponding types of B. oleracea reported in
the previous study (Mei et al. 2011b)

quantitative trait loci (QTL) for Sclerotinia resistance
from B. incana, a wild of B. oleracea, were mapped on
the chromosome C09 (Mei et al. 2013), whereas
several independent studies on mapping for Scleroti-
nia resistance in rapeseed (Yin et al. 2010; Zhao and
Meng 2003; Zhao et al. 2006) did not find any major
QTL on N19 which corresponds to C09 of B. oleracea.
Therefore, the RS lines are important resources to
improve Sclerotinia resistance of current rapeseed.
In the previous study (Mei et al. 2011b), the
Sclerotinia resistance level of rapeseed was found in
the middle of that of its two parental species,
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B. oleracea with high level of resistance and B. rapa
with high level of susceptibility. It was in accordance
with the present study, in which the resistance level of
RS line was usually lower than that of its parental
types of B. oleracea, though the resistance of parental
lines of B. rapa was not listed. These findings show
that additive genetic effects possibly play important
roles in the Sclerotinia resistance of RS lines. If so, it
will be an interesting breeding strategy to improve the
Sclerotinia resistance of rapeseed by transferring
resistance from B. oleracea into B. rapa due to the
high colinearity between their genomes (Cheung et al.
2009; Rana et al. 2004), and then resynthesizing
rapeseed to pyramid the resistance from B. oleracea
and B. rapa.

Acknowledgments We sincerely thank Dr. Martin Frauen for
the discussion on this study. This work was supported
financially by grants from Special Fund for Agroscientific
Research in the Public Interest (201103016), NSFC (31171585),
CSTC 201180001, National Key Technology R & D Program
(2010BAD01B02), DAAD (A/10/00321) and 111 Project
(B12006).

References

Abawi GS, Polach FJ, Molin WT (1975) Infection of bean by
ascospores of Sclerotinia sclerotiorum. Phytopathology
65:673-678

Becker HC, Engqvist GM, Karlssom B (1995) Comparison of
rapeseed cultivars and resynthesized lines based on allo-
zyme and RFLP markers. Theor Appl Genet 91:62—67

Cheung F, Trick M, Drou N, Lim YP, Park JY, Kwon SJ, Kim
JA, Scott R, Pires JC, Paterson AH, Town C, Bancroft I
(2009) Comparative analysis between homoeologous
genome segments of Brassica napus and its progenitor
species reveals extensive sequence-level divergence. Plant
Cell 21:1912-1928

Crouch JH, Lewis BG, Mithen RF (1994) The effect of A gen-
ome substitution on the resistance of Brassica napus to
infection by Leptosphaeria maculans. Plant Breed
112:265-278

Diederichsen E, Sacristan MD (1996) Disease response of re-
synthesized Brassica napus L. lines carrying different
combinations of resistance to Plasmodiophora brassicae
Wor. Plant Breed 115:5-10

Dreyer F, Graichen K, Jung C (2001) A major quantitative trait
locus for resistance to Turnip Yellows Virus (TuYV, syn.
beet western yellows virus, BWYV) in rapeseed. Plant
Breed 120:457-462

Dunker S, von Tiedemann A (2004) Disease yield loss analysis
for Sclerotinia stem rot in winter oilseed rape. IOBC
27:59-65



Genet Resour Crop Evol (2013) 60:1615-1619

1619

Ellis PR, Pink DAC, Barber NE, Mead A (1999) Identification
of high levels of resistance to cabbage root fly, Delia ra-
dicum, in wild Brassica species. Euphytica 110:207-214

Girke A, Schierholt A, Becker HC (2012a) Extending the
rapeseed genepool with resynthesized Brassica napus L. I:
genetic diversity. Genet Resour Crop Evol 59:1441-1447

Girke A, Schierholt A, Becker HC (2012b) Extending the
rapeseed gene pool with resynthesized Brassica napus 11:
heterosis. Theor Appl Genet 124:1017-1026

Happstadius I, Ljungberg A, Kristiansson B, Dixelius C (2003)
Identification of Brassica oleracea germplasm with
improved resistance to Verticillium wilt. Plant Breed
122:30-34

Hind TL, Ash GJ, Murray GM (2003) Prevalence of Sclerotinia
stem rot of canola in New South Wales. Aust J Exp Agr
43:163-168

Lamey HA (2003) The status of Sclerotinia sclerotiorum on
canola in North America. In: Proceedings of Sclerotinia
initiative annual meeting. MN, Bloomington

Mei J, Li Q, Qian L, Fu Y, Li J, Frauen M, Qian W (2011a)
Genetic investigation of the origination of allopolyploid
with virtually synthesized lines: application to the C sub-
genome of Brassica napus. Heredity 106:955-961

Mei J, Qian L, Disi JO, Yang X, Li Q, Li J, Frauen M, Cai D,
Qian W (2011b) Identification of resistant sources against
Sclerotinia sclerotiorum in Brassica crops with emphasis
on B. oleracea. Euphytica 177:393-400

Mei J, Wei D, Disi JO, Ding Y, Liu Y, Qian W (2012) Screening
resistance against Sclerotinia sclerotiorum in Brassica
crops with use of detached stem assay under controlled
environment. Eur J Plant Pathol 134:599-604

Mei J, Ding Y, Lu K, Wei D, Liu Y, Disi J, McKay J, Qian W
(2013) Identification of genomic regions involved in
resistance against Sclerotinia sclerotiorum from wild
Brassica oleracea. Theor Appl Genet 126:549-556

Mithen R, Magrath R (1992) Glucosinolates and resistance to
Leptosphaeria maculans in wild and cultivated Brassica
species. Plant Breed 108:60-68

Mithen R, Lewis B, Heaney R, Fenwick G (1987) Resistance of
leaves of Brassica species to Leptosphaeria maculans.
Trans Br Mycol Soc 88:525-531

Pope SJ, Varney PL, Sweet JB (1989) Susceptibility of cultivars
of oilseed rape to Sclerotinia sclerotiorum and the effect of
infection on yield. Asp Appl Biol 23:451-456

Ramsey AD, Ellis PR (1994) Resistance in wild Brassica to the
cabbage whitefly, Aleyrodes proletella. In: proceedings of
the ninth crucifer genetics workshop. Acta Hortic 407

Rana D, Boogaart T, O’Neill CM, Hynes L, Bent E, Macpherson
L, Park JM, Lim YP, Bancroft I (2004) Conservation of the
microstructure of genome segments in Brassica napus and
its diploid relatives. Plant J 40:725-733

SAS Institute (1992) SAS technical report. SAS statistics soft-
ware: changes and enhancements. Release 6.07

Seyis F, Snowdon RJ, Liths W, Friedt W (2003) Molecular
characterization of novel resynthesized rapeseed (Brassica
napus) lines and analysis of their genetic diversity in
comparison with spring rapeseed cultivars. Plant Breed
122:473-478

Snogerup S, Gustafsson M, Von Bothmer R (1990) Brassica
sect. Brassica (Brassicaceae) I. Taxonomy and variation.
Willdenowia 19:271-365

Udall JA, Quijada PA, Polewicz H, Vogelzang R, Osborn TC
(2004) Phenotypic effects of introgressing Chinese winter
and resynthesized Brassica napus L. germplasm into
hybrid spring canola. Crop Sci 44:1990-1996

Walsh JA, Sharpe G, Jenner CE, Lydiate DJ (1999) Character-
isation of resistance to turnip mosaic virus in oilseed rape
(Brassica napus) and genetic mapping of TuRBO1. Theor
Appl Genet 99:1149-1154

Yin XR, Yi B, Chen W, Zhang W1J, Tu JX, Fernando WGD, Fu
TD (2010) Mapping of QTLs detected in a Brassica napus
DH population for resistance to Sclerotinia sclerotiorum in
multiple environments. Euphytica 173:25-35

Zhao J, Meng J (2003) Genetic analysis of loci associated with
partial resistance to Sclerotinia sclerotiorum in rapeseed
(Brassica napus L.). Theor Appl Genet 106:759-764

Zhao JW, Udall JA, Quijada PA, Grau CR, Meng JL, Osborn TC
(2006) Quantitative trait loci for resistance to Sclerotinia
sclerotiorum and its association with a homeologous non-
reciprocal transposition in Brassica napus L. Theor Appl
Genet 112:509-516

@ Springer



	Improvement of Sclerotinia sclerotiorum resistance in Brassica napus by using B. oleracea
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Resistance assessment
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


