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P-100. From diploids to polyploids and back: whole-genome
duplications and diploidization in Brassicaceae.
Martin A. Lysak1, Terezie Mandáková1, Milan Pouch1, Zheng Li2, Michael S. Barker2
1

CEITEC, Masaryk University, Brno, Czech Republic;
Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, USA

2

Hybridization and polyploidy followed by genome-wide diploidization had a significant
impact on the diversification of land plants. Both processes have led to evolutionary
novelties as well as to the origin of new clades and species. An ancient whole-genome
duplication (WGD) preceded the diversification of all crucifers some 30 million years ago.
Some genera and tribes also experienced younger, mesopolyploid WGDs concealed by
subsequent genome diploidization. There were at least 13 independent mesopolyploidies
followed by different degrees of diploidization across the Brassicaceae. The extant
chromosome number and taxonomic variation in many crucifer genera and tribes resulted
from clade-specific genome duplications followed by diploidization. Post-polyploid
diploidization in taxa descending from a common polyploid ancestor can operate at different
rates and efficacies and can be tentatively linked to life histories and the extent of
taxonomic diversity. The first and most researched crucifer clade of a mesopolyploid origin is
the diverse tribe Brassiceae, comprising c. 50 genera and 300 species.

Keywords: Brassicaceae, whole-genome duplication, paleopolyploidy, mesopolyploidy,
diploidization, Brassiceae, karyotype evolution, chromosome number, genome fractionation
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P-101. Analysis of a candidate gene involved in Verticillium
longisporum resistance in winter oilseed rape using a RNA-guided
CRISPR-Cas9 system.
Subhadra Chakrabarty, Harmeet Singh Chawla, Rod Snowdon, Christian Obermeier
Department of Plant Breeding, Justus Liebig University, Giessen, Germany
Recently the CRISPR-Cas9 genome editing system has emerged as a tool for functional
genomics. It uses a 20 bp single guided RNA sequence to direct the Cas9 protein for editing
loci of interest. Compared to other methods of genome editing, it is easy to program,
relatively cheap and simpler to implement. The main aim of this study is to study Verticillium
longisporum resistance in winter oilseed rape (Brassica napus). V. longisporum is a soil borne
fungal pathogen invading the host through the roots. The only available option for control of
the pathogen is breeding for resistant cultivars. Verticillium infection in susceptible oilseed
rape genotypes is associated with premature ripening in the field and with dwarfing in young
seedlings. In QTL studies we identified a candidate gene involved in the gibberelin
biosynthesis pathway, GA4, within a major QTL for Verticillium resistance in B. napus. In
Arabidopsis thaliana GA4 loss-of-function mutants show a dwarf stature and reduced fruit
dehiscence. Also CRISPR-Cas9 mutants for GA4 show stunting in B. oleracea (Lawrenson et
al. 2015). We used the same construct kindly provided by Lawrenson et al. for
Agrobacterium-mediated delivery in our studies for knocking down GA4 gene copies in B.
napus. We have successfully produced transgenic T0 regenerated plants and T1 progeny
plants after selfing in two different cultivars of winter oilseed rape. Further characterization
of the targeted sequences is ongoing. Vertcillium resistance screening of the mutant lines
will be also performed in the near future. We also aim at studying the specificity of the
system and the effects of the different mutations.

Keywords: Verticillium longisporum, resistance, CRISPR-Cas9, oilseed rape, gibberelin
biosynthesis pathway

Reference:
Lawrenson T et al (2015) Genome Biol 16: 258
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P-102. Shift to self-compatibility in synthetic allopolyploid Brassica
napus
Thanina Azibi 1,2, Mathieu Rousseau-Gueutin2, Gwenn Trottoux2, Maryse Lodé2, Julie
Ferreira de Carvalho2, Marie Gilet2, Houria Hadj-Arab1, and Anne-Marie Chèvre2
1

University of Science and Technology Houari Boumediene, USTHB, Faculty of Biological
Sciences FSB, LBPO, Bab-ezzouar, BP 32 El-Alia, 16111 Algiers, Algeria
2
IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France

Contacts : thanina.azibi@inra.fr, hhadj_arab@yahoo.fr, anne-marie.chevre@inra.fr
Polyploidy or Whole Genome Duplication plays a major role in plant evolution, adaptation
and speciation of several crops such as oilseed rape. So far, the speciation success of these
plants that involves their genome stabilization is poorly understood, especially regarding the
regulation of floral biology. Indeed, a newly formed allopolyploid individual must develop
strategies i) to isolate itself from its diploid progenitor species, ii) to increase its population
size and increase its chance to create a novel species. To increase our knowledge on the keys
to allopolyploid speciation, we used as a model system the allotetraploid B. napus (AACC, 2n
= 38), which derives from the interspecific hybridization between the diploid B. rapa (AA, 2n
= 2x = 20) and B. oleracea species (CC, 2n = 2x = 18). Despite these latter diploid species are
self-incompatible (SI), B. napus is self-compatible. It is yet to be deciphered how the selfincompatibility mechanism is broken down in newly formed B. napus individuals, enabling to
increase its fertility and its initial population size. For that purpose, we resynthesized B.
napus individuals by crossing a self-incompatible B. oleracea (‘HDEM’, cabbage) with a selfcompatible B. rapa (‘Z1’, turnip). Manual self-fertilizations of resynthesized B. napus were
performed to obtain the following generations (until G3). The self-incompatibility phenotype
of the all synthetic plants (EMZ S0, G3) was analyzed after manual self-pollination and we
showed that the SI phenotype was variable in G3 plants. To better understand the putative
origin of these differences, we explored the self-incompatibility locus (SRK, SLG and
SCR/SP11genes) and regulatory genes (MLPK, ARC1, E070A1, THl1 and THL2) at both the
structural and functional levels. Our preliminary results revealed that some copies of these
genes have been lost via homoeologous exchanges in some resynthesized B. napus
individuals. The results will be discussed in relation with the self-compatibility restoration of
the B. napus synthetic plants.

Keywords: Polyploidy, resynthesized Brassica napus, self-incompatibility, S-locus
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P-103. Genome editing of Brassica species with preassembled Cas9sgRNA ribonucleoproteins.
Jana Murovec1*, Katja Guček1, Borut Bohanec1, Monika Avbelj2, Roman Jerala2
1

University of Ljubljana, Biotechnical Faculty, Jamnikarjeva ulica 101, SI-1000 Ljubljana,
Slovenia
2
National Institute of Chemistry, Hajdrihova ulica 19, SI-1000 Ljubljana, Slovenia

Contact: jana.murovec@bf.uni-lj.si
CRISPR/Cas9-mediated genome editing is revolutionizing life sciences by providing new,
easy-to-use, precise and high-throughput tools for genetic modification through induction of
target specific DNA doubled stranded breaks. It is used for basic and applied genetics of the
majority of agronomically important plant species, including species of the genus Brassica.
However, the A. tumefaciens-mediated delivery method used so far (Lawrenson et al., 2015;
Braatz et al., 2017; Kirchner et al., 2017; Yang et al., 2017) gives rise to concerns about its
regulatory status, since the use of transgenesis during variety development can trigger GMO
regulations in countries that rely on process-based regulatory approaches. The aim of our
work was therefore to develop a DNA-free genome editing system for cultivars of the
species B. rapa and B. oleracea. We developed an efficient protocol for isolation of viable
protoplasts and for the introduction of ribonucleoproteins (RNPs) composed of
preassembled Cas9 enzyme and in vitro transcribed sgRNA. Two endogenous genes were
targeted: 1. the phytoene desaturase gene (PDS) involved in the carotenoid biosynthesis
pathway and 2. the vernalization determinant FRIGIDA (FRI) gene. Several sgRNA were
designed for each of the two genes, in vitro transcribed and their cleavage efficiency tested
with an in vitro digestion assay. Two sgRNAs per gene were selected and used for further
experiments on the PEG-mediated delivery of RNPs into protoplasts. One to three days after
transfection, total plant DNA was isolated from protoplasts, the regions surrounding the
targeted sequences were amplified by PCR and analyzed by amplicon deep sequencing and
T7EI assay. The results showed that mutation induction frequencies were species, gene, and
locus dependent and correlated with the introduced concentrations of RNPs. They showed
the feasibility of RNPs mediated targeted mutagenesis of B. rapa and B. oleracea for DNAand selectable marker-free genome editing.

Keywords: CRISPR/Cas9, ribonucleoproteins, NGS, targeted mutagenesis, protoplasts, plant
breeding, plant biotechnology, genome editing, non-GMO, DNA-free, cabbage, Chinese
cabbage, RGEN, T7EI

References:
Braatz, J et al (2017) Plant Physiol., 174, 935–942.
Kirchner, T.W., et al (2017) PLoS One, 12, 1–20.
Lawrenson, T. et al (2015) Genome Biol., 16, 258.
Yang, H. et al (2017) Sci. Rep., 7, 7489.
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P-104. Development of haploid inducer line in cabbage (Brassica
oleracea var. capitata L.) using CRISPR/Cas9
Ester Stajič1, Jana Murovec1, Borut Bohanec1
1

University of Ljubljana, Biotechnical Faculty, Department of Agronomy, Slovenia

CRISPR/Cas9 technology is a powerful tool for introduction of specific genetic
changes that has been widely used in many different organisms. So far, a protocol for
targeted mutagenesis in cabbage using CRISPR/Cas9 has not been developed. For that
purpose, three different sgRNAs were designed and constructed targeting CENH3, a
centromere protein that has an important role in chromosome segregation. Point mutations
in CENH3 lead to a haploid offspring after crossing with wild-type plants which has great a
potential in plant breeding (Karimi-Ashtiyani et al., 2015).
In our experiments, two different approaches were tested for validation of designed sgRNA:
infiltration of Agrobacterium tumefaciens into leaves and transient expression of plasmids in
protoplasts. For protoplast transformation, a protocol for protoplast isolation was first
optimized. Several parameters, such as incubation time and source of protoplasts were
tested and protoplasts with high viability were isolated from leaves after overnight
incubation in enzyme solution. After delivery of plasmids into cabbage cells, induced
mutations were tested using next-generation sequencing (NGS).
For regeneration of plants carrying desired mutations, a protocol for stable transformation
using Agrobacterium tumefaciens was developed and for successful regeneration of
protoplasts, a protocol for protoplast regeneration using immobilization in calcium alginate
layers (Kielkowska and Adamus, 2012) was optimized. In the future, we plan to deliver our
cloned plasmids into cabbage cells and thereby produce haploid inducer lines.

Keywords: cabbage, genome editing, CRISPR/Cas9, CENH3
References:
Karimi-Ashtiyani R. et al.(2015) PNAS. 112, 36, 11211-11216.
Kielkowska A. and Adamus A (2012). In vitro Cell.Dev.Biol.-Plant. 2012, 48, 265-273.
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P-105. Assessment of pollen size according to ploidy level in Brassica
model
Gwenn Trotoux, Mathieu Rousseau-Gueutin, Anne-Marie Chèvre
IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France
It is well established that unreduced gametes play a major role to change plant ploidy level
for the production of hybrids and of polyploid species (Mason et al. 2011). In spite of a very
low frequency in diploid species with 0.1 to 2.0% on average (Kreiner et al., 2017), their
frequency depends on genotype and can be changed by environmental factors. A rapid and
reliable method of detection is needed in order to assess more precise their frequency in
different genetic structures. We developed a method based on imaging treatments of pollen
size after Aceto-Carmine staining. Pollen area and perimeter were measured in two diploid
species, Brassica rapa (AA, 2n=20) and B. oleracea (CC, 2n=18) and in their corresponding
autotetraploids on very large samples. We will present this method and will discuss the
perspectives that it may open.

Keywords: autoploidy, unreduced gametes
References:
Kreiner, J. et al. (2017). Trends in Genetics, 33(9), 583-593
Mason, A. S. et al. (2011). BMC Plant Biology 2011, 11:103
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P-106. Plant molecular cytogenetics Platform.
Virginie Huteau and Olivier Coriton
IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France

Contact: olivier.coriton@inra.fr
The Molecular cytogenetics is born with the meeting between molecular biology and
traditional cytogenetic. It is located at the intermediate resolution between these two
disciplines. The high level of resolution (under certain conditions less than 1Kb) allows a fine
analysis of chromosome structure. In order to develop skills and expertise in the plant
molecular cytogenetics presenting specific problems, the INRA has created an open platform
available to academic research units. The molecular cytogenetics platform provides
knowhow and expertise in fluorescence in-situ hybridization (FISH) to investigate the
structure and organization of genomes, particularly polyploids.
Applications:
1) Cytogenetic characterization of plant material from interspecific hybrids and
polyploid species with chromosome identification in each species or introgression,
genomic structural evolution and behavior in polyploid species,
2) Characterization of chromosomal translocations based on genetic and physical
mapping (cytogenetic mapping).
Web site:
http://www6.rennes.inra.fr/igepp/L-IGEPP/Plateformes/Cytogenetique-moleculaire
https://www.biogenouest.org/PFCMV
In the present, we report two projects, which have been developed on platform to gain a
better understanding of the structure and organization of complex genomes such as brassica
napus and banana.

Keywords: plants, chromosomes, structure, mitotic, meiotic, BAC-FISH, GISH
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P-107. Transcriptome profiling of leaf senescence and nitrogen
deficiency response in oilseed rape (Brassica napus).
Vanessa Clouet, Françoise Le Cahérec, Marie Hervet, Catherine Viaud, Patrick
Leoncte, Françoise Leprince, Sophie Rolland, Julien Navarro, Anne-Marie Denis,
Laurent Leport, Alain Bouchereau, Nathalie Nesi, Anne Laperche and Marie-Françoise
Niogret
IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France
Improving crop nitrogen use efficiency (NUE) is of major interest as low N-inputs cultural
practices have to be developed to face economic and environmental issues. Reduction of N
fertilizers without dramatically affecting grain yields may involve optimization of N uptake,
translocation, assimilation, or remobilization performances. Rapeseed is known as a low
NUE crop mainly resulting from non-efficient leaf N-remobilization processes. Thus, studies
on nutrient recycling during leaf senescence should provide new perspectives for NUE
improvement. Here, a transcriptomic approach was used to compare gene expression in
relation to leaf development and adjustments to N deficiency.
In the winter oilseed rape cultivar Aviso grown in greenhouse under optimal N supply (N+) or
mild N deficiency (N-), the transcriptome changes associated with leaf development were
investigated at flowering stage. We selected a list of genes potentially involved in nutrient
recycling process in comparing RNA-seq data between senescent and mature fully
developed leaves related to their N status. Moreover, the variability of candidate genes
expression has been explored on genotypes presenting different NUE.
The impact of a nitrogen limitation on seed yield was also considered by carrying out QTL
detection for NUE-traits both by linkage analyses and genome-wide association studies on a
field network representing French growing conditions, under high and low N conditions. Colocalization of candidate genes issued from the RNA-seq analysis and QTL has been
investigated. Those results provide clues to understand the mechanisms involved in NUE and
yield stability across N conditions as well as new breeding targets.
Acknowledgements
This work was supported by PROMOSOL and the program ‘‘Investments for the Future’’ (project ANR11-BTBR-0004 ‘‘RAPSODYN’’). We thank the Genetic Resources Center (BrACySol, BRC, UMR IGEPP,
INRA Ploudaniel, France) for providing the seeds.

Keywords: Nitrogen use efficiency, N remobilization, source-sink relationship, abiotic
stress tolerance
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P-108. Recreating genomically stable rapeseed.
Elizabeth Ihien1, Antje Schierholt2, Heiko Becker2, Rod Snowdon1, Annaliese S.
Mason1
1

Department of Plant Breeding, Justus Liebig University, Giessen, Germany
Department of Crop Sciences, Georg-August University, Göttingen, Germany

2

Rapeseed (Brassica napus, 2n = AACC) is a recent allopolyploid crop formed by hybridization
between Brassica rapa and Brassica oleracea. Breeders often recreate this hybridization
event to produce diverse synthetic B. napus types. However, these synthetic hybrids are
often unstable, losing chromosomes and fertility in subsequent generations due to poor
control of chromosome pairing behaviour, unlike natural B. napus. Possibly, either
inheritance of particular allelic variation for meiotic stability present in the progenitor
species, or a de novo mutation (such as an A-C chromosomal exchange) led to the
production of stable, fertile B. napus. We aim to test these hypotheses by characterization
of diverse sets of resynthesised B. napus lines for presence of non-homologous chromosome
rearrangements and allele inheritance, as well as genome stability, fertility and meiotic
behaviour. SNP genotyping is currently underway using the Illumina Infinium Brassica 60K
array, and data analysis is in progress. Most individuals assessed so far are completely
homozygous, as expected. Also, some individuals show the presence of A-C chromosomal
rearrangements. This study will shed light on the origins of meiotic stability in Brassica
napus, as well as provide information that will be useful for breeders aiming to use
synthetics in breeding programs.

Keywords: B. napus, meiotic stability, chromosome rearrangement, SNP genotyping, allelic
variation, synthetic hybrids
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P-109. Introduction of the resynthesized B. napus for breeding of
winter oilseed
Laurencja Szala, Teresa Cegielska-Taras, Katarzyna Sosnowska, Alina Liersch,
Wieslawa Poplawska
Plant Breeding and Acclimatization Institute - Nationale Research Institute,Department of
Genetics and Breeding of Oilseed Crops, Poznań, Poland
One of the important sources of the new genetic variation of oilseed rape is its resynthesis
from the basic species (B. rapa and B. oleracea), which enables enrichment of the genetic
base of this species with new genes that are not present in natural B. napus. Resythesized B.
napus (RS) can be used to increase the genetic diversity and to develop a heterotic genepool
that is one requirement for successful hybrid breeding programmes. However, resynthesized
genotypes obtained from crossing B. rapa with B. oleracea have many undesirable
agronomic traits, such as low yield and low oil content in seeds as well as high erucic acid in
oil and high content of glucosinolates in the meal. In addition, RS B. napus is selfincompatible like his the ancestral species that each possess an effective self-incompability
(SI) system. Therefore resynthesized oilseed rape must be improved by crossing with natural
double low oilseed rape. The introduction of artificially resynthesized B. napus to cultivars or
to the restorer lines and the development of the semi-RS lines give the opportunity to
establish a new gene pool, genetically different from natural oilseed rape breeding materials
(Sosnowska et al. 2017).
The resynthesized oilseed rape were introduced successively to the restorer lines in the
genetic-cytoplasmic system of male sterility CSM ogura and to the cultivars. The RS lines
were crossed with well-yielding restorer lines as well as cultivars: Lohana and Arot. Obtained
F1 hybrids were donors for androgenesis in vitro by microspore isolated culture. From two
first very large androgenic populations of semi-RS plants four double low quality genotypes
containing the gene restorer were selected (Szała et al. 2016). So far, total of 51 double low
restorer lines have been obtained. Whereas, from F1 hybrids obtained from crossing
cultivars with RS lines large populations of doubled haploids were received and double low
quality DH lines will be selected.

Keywords : resynthesized B. napus, double low quality, CMS ogura system, restorer line,
androgenesis in vitro
References :
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P-110. Coming together again: the A and C genome recombine to make
a new, single genome in B. juncea × B. carinata interspecific hybrids
Elvis Katche, Rod J. Snowdon, Annaliese S. Mason
Plant Breeding Department, Justus Liebig University Giessen, Heinrich-Buff-Ring 26-32,
35392, Giessen, Germany.
Interspecific hybridisation can be harnessed to produce novel genetic variation for breeding
and to create new crop species with potentially advantageous features for agriculture. By
crossing Brassica juncea (2n = AABB = 36) and Brassica carinata (2n = BBCC = 34), we created
Brassica interspecific hybrids with genome composition (2n = BBAC = 35). Self-pollination
was carried out for six generations with collection of chromosome number, meiotic stability,
and pollen and seed fertility data, as well as marker genotyping data using the Illumina
Infinium Brassica 90K SNP array. Chromosome number was highly maintained to the S6
generation, with modes of 34 and 36 chromosomes. High pollen and seed fertility were
observed (similar to parent levels) as well as highly stable meiosis, with bivalent formation
rates of 90 - 99%. All B genome chromosomes were still present in the S5 and S6 generation
plants, while significant rearrangements and chromosome loss were observed between the
A and C genomes. Differences were observed between genotypes in terms of A/C
chromosome presence or absence, and these changes appeared to be fixed as stable in
some lines by the S6 generation. This study opens up new avenues for research in
agriculture and evolution.

Keywords: Interspecific hybrids, Brassica, Chromosome
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P-111. BBIP, Brassicaceae Bioinformatics Platform
Anthony Bretaudeau, Olivier Filangi, Stéphanie Robin and Fabrice Legeai
IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France
BBIP (Brassicaceae Bioinformatics Platform) (https://bbip.genouest.org) is a bioinformatics
platform from the French National Institute for Agricultural Research (INRA). It is located in
Rennes
(France)
and
is
integrated
in
the
GenOuest
infrastructure
(https://www.genouest.org). It is dedicated to assist genomics and post-genomics programs
on Brassicaceae.
BBIP is the home of genomics databases hosting three important Brassicaceae genomes:
Brassica napus, Brassica oleracea, Brassica rapa. For each genome, a collection of web
applications allows to explore reference genomes and annotations (e.g. genome browser,
gene reports) and to analyze this data (e.g. dedicated Galaxy server, specific web
applications). Specifically, precomputed functional annotation (InterProScan, Blast2GO,
Blastp vs NR) is available for each proteome.
Furthermore, the groups of orthologs and paralogs between the three Brassica species and
Arabidopsis thaliana, computed with the help of Orthofinder are also available and
analyzable with fancy tools for visualization, facilitating comparative genomics studies.
Metabolic pathways of Brassica napus were reconstructing using AuReMe, and available on a
Wiki pages allowing an easy exploration and curation of thousands of reactions and their
corresponding genes.
Finally, all the data presented here are made interoperable through Askomics which allows
integration and query heterogeneous data using a user-friendly interface. Annotation, but
also expression and orthology data is preloaded in this instance, and users can load their
own data to explore complex datasets.
Future developments are already planned to give access to expression and genotyping data
on the BBIP web portal.
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P-112. Chromosome-scale assemblies of Brassica oleracea and Brassica
rapa using nanopore long reads and optical maps
Caroline Belser 1§, Benjamin Istace 1§, Erwan Denis 1§, Marion Dubarry 1§, Cyril
Falentin 2, Mathieu Genete 3, Wahiba Berrabah 1, Anne-Marie Chèvre 2, Régine
Delourme 2, Gwenaëlle Deniot 2, France Denoeud 4, Philippe Duffé 2, Stefan Engelen
1, Arnaud Lemainque 1, Maria Manzanares-Dauleux 2, Jérôme Morice2, Benjamin
Noel1, Xavier Vekemans3, Mathieu Rousseau-Gueutin2, Valérie Barbe1, Corinne
Cruaud1, Patrick Wincker4, Jean-Marc Aury1*
1 CEA, Institut de Biologie François-Jacob, Genoscope, F-91057 Evry, France
2 IGEPP, INRA, Agrocampus Ouest, Univ. Rennes, Le Rheu, France
3 Université Lille, CNRS, UMR 8198 - Evo-Eco-Paleo, F-59000 Lille, France
4 CEA, Institut de Biologie François-Jacob, Genoscope, CNRS UMR 8030, Université d'Evry,
France
Plant genomes are often characterized by their high level of repetitiveness and polyploid
nature. As a direct consequence, genome assemblies of plant genomes are challenging. The
introduction of short-reads technologies ten years ago, significantly increased the number of
available plant genomes. Generally, these assemblies are incomplete and fragmented, and
only a few of them are at the chromosome-scale. Here, we describe a strategy based on long
and short reads and optical maps that can produce chromosome-level assemblies, and
demonstrate its applicability by generating high-quality genome sequences for two new
Brassica cultivars (Brassica rapa Z1 var trilocularis and Brassica oleracea HDEM, var botrytis
italica). We obtained two highly continuous assemblies with contig N50 of 5.5Mb and 9.5Mb
for respectively B. rapa and B. oleracea. These assemblies contain scaffolds that represent
entire chromosome arms; we assembled 70% of the 19 chromosomes into 1 or 2 scaffolds
and 88.1% and 76% of B.rapa and B. oleracea genomes respectively. When compared with
existing reference genomes our assemblies provide a real improvement, especially in regions
enriched in transposable elements.

Keywords: de novo assembly, repeated sequences, transposable elements
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P-200. Selection efficiency in early breeding of Australian adapted Indian
mustard (Brassica juncea)
Asjad Ali1, Paul Parker2 and Graham King1
1

Southern Cross Plant Science, Southern Cross University, Lismore, NSW 2480, Australia
Australian Mustard Oil Pty Ltd, 90 Telegraph road, Young NSW 2594, Australia

2

Amphidiploid Brassica oilseed crops display considerable phenotypic plasticity and indeterminate
growth in different cultivation environments. With multiple gene copies that have arisen due to
ancestral whole genome duplications and more recent allopolyploidy, many developmental traits are
polygenic. This provides constraints and opportunities for breeding, especially where variation of
traits and final yield is affected by genotype x environment interactions. Many of the modern high
yielding condiment Brassica juncea cultivars with high seed sinigrin content have been developed in
North America, particularly in Canadian breeding programs. We are seeking to understand the
genetic control of traits that currently limit adaptation to the considerably shorter-daylength
Australian environments. We have assessed within- and between-cultivar variation in controlled
environment experiments (eg 10hr vs 16hr daylength) and compared with performance in ambient
polyhouse conditions, and find considerable variation in flowering time response and vegetative
habit. Plant height was correlated within cultivar under the three different growing conditions, with
short stature at bolting stage being a common property for five of 11 cultivars compared. Similarly,
segregation behaviour for vegetative biomass production differed within cultivars under different
growing environments indicating strong GxE interaction. These data are guiding current selection
strategies focused on earlier flowering and reduced stature. Using single-seed descent and test
crosses we will determine the likely contribution of additive gene loci, and aim to identify candidate
genes for these key adaptive traits. We have demonstrated that there is sufficient variation within
the available germplasm to select and enhance suitably adapted lines for cultivar development, and
so improve yields under a range of Australian growing conditions.

Keywords: Mustard, pre-breeding, selection, Brassica juncea L, flowering.
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P-201. Inference of demographic history provides insight into domestication
and morphotype diversification in Brassica oleracea
Sarah D. Turner1, Makenzie E. Mabry1, Alex C. McAlvay2, J. Chris Pires1, and Timothy M.
Beissinger3
1

Division of Biological Sciences, University of Missouri, Columbia, MO, USA
Department of Botany, University of Wisconsin, Madison, WI, USA
3
United States Department of Agriculture, Agricultural Research Service, Columbia, MO, USA
2

Contact: turnersa@missouri.edu
The vegetables comprising Brassica oleracea are categorized into six distinct and diverse
morphotypes: kale, cabbage, Brussels sprouts, kohlrabi, broccoli, and cauliflower. In addition to being
valued for their flavor, culinary, and nutritional attributes, these crops are an especially interesting
model for domestication; wild mustard, a small, unpalatable plant, was selected to enrich different
plant organs, producing an extreme range of phenotypic diversity in a single species. Despite
widespread use of these crops to demonstrate the power of human selection on crop domestication,
the demographic history of B. oleracea remains poorly understood.
Using 119 resequenced genomes of B. oleracea [1], we present a demographic analysis of ancestral
population sizes and the timing of population splits. Specifically, we investigate divergence times
between leafy kales and diversified (e.g. heading and tuber-forming) morphotypes, and between
broccoli and cauliflower, the latter of which is thought to be a relatively recent domesticate. We
connect these inferences to species distribution models for the potential wild progenitors of B.
oleracea and to literature on the linguistic evidence for domestication [2]. Consistent with these
sources, we find evidence of a severe reduction in the population size of B. oleracea around 3.5-7
kya, corresponding to a likely domestication event. Following domestication, we observe a modest
expansion of diversity in all morphotypes, suggesting a demographic trajectory that is similar, though
less extreme, than maize. We also identify a split between broccoli and cauliflower in the recent
past, ca. 500-1000 ya, coinciding with prior evidence on the introduction of cauliflower to Europe.
This work expands our understanding of how humans have influenced the domestication of cole
crops, provides insight into Brassica evolution and, by detailing patterns of recent population
expansion, facilitates future crop improvement efforts.

Keywords: Brassica oleracea; demography; population structure; diversification
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P-202. Transcriptome and methylome profiling of the different genotypes
response to vernalization in Brassica rapa
Peirong Li, Tongbing Su, Weihong Wang, Yangjun Yu, Deshuang Zhang, Xiuyun Zhao,
Shuancang Yu, Fenglan Zhang
Beijing Vegetable Research Center (BVRC), Beijing Academy of Agricultural and Forestry Sciences
(BAAFS), Beijing 100097, China;

Contact: lipeirong@nercv.org
In Chinese cabbage (Brassica rapa L. ssp. pekinensis), premature bolting is an unfavorable agronomic
trait occurring during spring cultivation when the plants encounter low temperatures (vernalization).
Several genes involved in induction of Chinese cabbage bolting have now been identified. However,
molecular mechanisms controlling bolting tolerance levels among early bolting (EB) and late bolting
(LB) genotypes are still poorly understood. Here, high-throughput transcriptome and methylation
analysis of two B. rapa genotypes (10 EB individuals and 10 LB individuals bulked separately) that
were experienced to 23 days of vernalization (23DV) treatment are reported. A total of 2882
differentially expressed genes (DEGs) were identified between EB and LB genotypes. Moreover, a
total of 6073 significantly differentially methylated regions (DMRs) were obtained from LB_NV (no
vernalization) and LB_23DV, including 299 hypermethylated up-regulated and 3630 hypomethylated
genes after vernalization. However, only 322 significantly DMRs including 106 hypermethylated and
83 hypomethylated genes were obtained between EB_NV and EB_23DV. These DEGs and DMRs
belong to an integrated gene network involved in structural constituent of ribosome, biological
process, and molecular function. 20 flowering pathway genes were differentially expressed, including
13 genes(AGL24.1, CDF1.1, CO2, COL1, FVE1, FVE2, FVE3, SOC1.1, SPA4, SPA5, SVP2, VIN3.1, VIN3.2)
with higher relative expression level in EB_23DV and LB_23DV, while seven genes (CRY1.2, FLC1,
FLC2, FLC3, FLC5, RGA2, TEM1.1) with higher relative expression level in EB_NV and LB_NV. 15
flowering pathway genes were differentially methylated between LB_NV and LB_23DV, which had no
difference between EB_NV and EB_23DV. Altogether, these results indicated that such B. rapa
genotypes are both genetically and transcriptionally distinct, suggesting a genotype-dependent
based DNA methylation and expression of an integrative gene network participate in bolting
tolerance.

Keywords: transcriptome, methylome, vernalization, flowering pathway, Brassica rapa
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P-203. Developing Customer Oriented Doubled Haploid Inbred Lines of
Brassicaceae Vegetables in Korea
Suhyoung Park1, Min Young Park1, Hayoung Jang1, Suk Woo Jang1, Seung Kook Choi1, and
Young Pyo Lim2
1

National Institute of Horticultural and Herbal Science, 100, Nongsaengmyeong-ro, Iseo-myeon,
Wanju, R o Korea
2
Chungnam National University, Gung-dong, Yuseong-gu, Daejeon, R o Korea
Contacts: psh@korea.kr, suhy0077@gmail.com
Kimchi cabbage (Chinese cabbage; Brassica rapa L.) and radish (Raphanus sativus L.) are two major
Brassicaceae vegetables in Korea. Microspore cultivation is one of efficient method of haploid
breeding. We tried to develop doubled-haploid (DH) inbred lines using microspore cultivation in
Kimchi cabbage and radish. The efficiency of microspore cultivation of Kimchi cabbage was more
than 20 times higher comparing radish. For developing DH lines in Kimchi cabbage, the plant material
was selected among commercial leading varieties. For radish, plant material was selected among
traditional materials developed a little embryo in pre-study. In Kimchi cabbage, Seven DH inbred lines
derived from Korean variety of 'Wol-dong'. After field test, DH inbred lines were selected according
to the horticultural traits. Using selected materials, we inoculated the single spore isolation of
clubroot. We registered one DH inbred line showing good horticultural traits and 86% disease
resistant, 'Wonkyo20037ho'. We found the contents of glucosinolates were 17μmol/g D.W.; 1.7
times higher comparing commercial leading variety. In radish, DH inbred line of ‘Wonkyo10051ho’
was derived from traditional Korean variety of ‘Taebaek’ developed in 1970. Even though parental
material showed short and wide root, the DH inbred produced long and narrow root. One DH inbred
line was selected together with commercial breeders. We try to develop customer oriented cultivars
using microspore cultivation. One DH inbred line showed high glucosinolates contents good for
consumers, and clubroot resistance good for farmers in Kimchi cabbage. Another DH inbred line
possessing straight root drew interesting from commercial breeders in radish.

Keywords: inbred, microspore cultivation, Kimchi cabbage, Chinese cabbage, radish
References:
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P-204. Genome-wide identification of disease resistance genes in the
Brassicaceae and characterisation of their DNA methylation status in Brassica
napus
Soodeh Tirnaz1, Philipp Bayer1, Anita severn-ellis1, David Edwards1, Jacqueline Batley1
1

School of Biological Sciences, University of Western Australia, Australia

The Brassicaceae family consists of a wide range of species, including important crop species from
the Brassica genus, such as B. napus (canola)1. The production of crop species from the Brassicaceae
is severely affected by blackleg disease, caused by Leptosphaeria maculans2. Plants employ
resistance gene analogs (RGAs) to defeat pathogens. Nucleotide binding-site leucine rich repeat
(NBS-LRR), receptor like kinases (RLK) and receptor like proteins (RLP) are the main type of RGAs3.
Under stress conditions, the expression pattern of defence genes, including RGAs, is changed by DNA
methylation (DM) which is an epigenetic mark and have a major impact on plants adaptation 4. The
aims of this study are identification of RGAs in the Brassicaceae and investigating their methylation
pattern in B. napus in response to L. maculans. By using bioinformatics tools, RGAs have been
identified in currently available genome annotations from the Brassicaceae, as well as among
different genome assemblies of the same species (total: 34 genomes). The results show a great
variation of RGA numbers within and between species. In total 39086 RGAs were identified across all
genomes with most being RLKs, then NBS-LRRs and RLPs respectively. Analysis of the RGA protein
sequences revealed a high homology across all genomes, where 99.4% of RGAs fitted in several
orthogroups and genes from the same class also grouped together. RGAs were distributed unevenly
in and within pseudo chromosomes. A genome-wide DM study will be conducted on susceptible and
resistant cultivars of canola in response to L. maculans. This study, provides a valuable source of
RGAs to clone and identify novel functional resistance genes among Brassicaceae. The outcome will
also assist with developing an insight into genome-wide DM pattern in canola and help to understand
the role of DM in plant defence mechanisms and ultimately help breeders to optimise the breeding
schemes for improving resistance against blackleg disease.

Keywords: Blackleg, Brassicaceae, DNA methylation, Resistance gene analogs
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P-205. SNP genotyping with optimized molecular marker sets for plant
breeding in the Brassica species (B. napus, B. oleracea and B. rapa)
Martin Ganal, Andreas Polley and Joerg Plieske
TraitGenetics GmbH, Am Schwabeplan 1b, D-06466 Stadt Seeland OT Gatersleben, Germany
Through the development of the Brassica 60K array, it has now become routine to generate a wealth
of genotyping data for individual Brassica lines. However, a considerable part of the genotype data
generated in this way constitutes of redundant information since many markers are in perfect linkage
disequilibrium in breeding material and varieties. With genotyping data generated from a large set of
Brassica napus, Brassica oleracea and Brassica rapa lines and in combination with mapping
information for many markers in segregating populations from these three species, we have
investigated in detail the extent of LD and marker haplotype groups in elite Brassica napus material
as well as in the diploid vegetables B. rapa and B. oleracea to identify haplotype-specific markers of
high quality. Taking all this information together, we have generated an optimized 15K genotyping
array containing 13,465 scoreable markers for routine use in genetic analyses and breeding including
genomic selection of oilseed rape and the Brassica vegetables. In parallel and based on the same
data set, we have generated an optimized marker collection with individual SNP markers (KASP) for
variety identification, variety purity analysis, marker-assisted backcrossing and other purposes.
Furthermore, we are in the process of developing intermediate marker sets (480-3072 markers) using
amplicon sequencing technologies.

Keywords: SNP marker, genotyping, breeding
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P-206. DFG-Predict: Omics-based prediction of hybrid performance and
systems genetic analyses in spring-type oilseed rape
Dominic Knoch 1, Amine Abbadi 2, Andrea Bräutigam 1, Fabian Grandke 3, Axel Himmelbach 1,
Rhonda C. Meyer 1, David Riewe 1, Birgit Samans 3, Rod Snowdon 3, Christian R. Werner 4,
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3
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Based on previous work on biomass and heterosis prediction in Arabidopsis and maize (Meyer et al.,
2007 & Riedelsheimer et al., 2012), the project is built on the hypothesis that specific allelic
combinations of regulatory genes, their downstream gene expression, as well as elicited metabolite
profiles, are associated with improved vegetative growth and seed yield in hybrids.The project
pursues two goals: on the one hand to effectively predict hybrid performance in spring oilseed rape
by combining information of multiple omics-layers, and on the other hand to identify genetic loci
causal for trait variation and to elucidate links between vegetative growth, transcript and metabolite
levels. For this purpose, comprehensive datasets have been generated at an early vegetative stage
for a collection of 475 genetically diverse pollinator lines from a commercial canola breeding
programme and two elite male-sterile testers. A F1 hybrid population with 950 individuals was
generated and evaluated in the field. Detailed phenotyping data were generated by growing the
parental lines and selected hybrids in the automated IPK high-throughput phenotyping platform for
large plants (Junker et al., 2014). Image-derived phenotype data were complemented by global
metabolite (GC-MS) and transcriptome (mRNA-Seq) profiles of pools of the same plants. These data
were utilised for correlation analyses, and in combination with array-derived SNP and CNV data for
genome-wide-association studies. Multiple co-localized marker-trait-associations for different omicslayers were detected, including metabolites, transcripts and growth-related traits. A time resolved
analysis revealed dynamic contributions of loci for the accumulation of biomass with certain loci
being particularly active in either an early, intermediate and late phase. Finally, the individual and
combined data sets were used for prediction of hybrid performance in field by gBLUP and RKHS
models.

Keywords : Brassica napus, GWAS, automated non-invasive high-throughput phenotyping,
vegetative growth, biomass accumulation, dynamic QTL, omics data, hybrid prediction
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P-207. Trait collection of VIR small radish (Raphanus sativus L.)
Anastasia Kurina and Anna Artemyeva
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Organization, study and use of different trait collections is the most effective way of collections
structuring, preserving the genetic diversity of the gene pool and expanding the used range of
variability of plant material for the modern directions in breeding (Artemyeva, 2017). Small radish
(Raphanus sativus L.) is an ultra-ripening root crop of the Brassicaceae family. Small radish varieties
are classified into 6 botanical varieties and 16 types, beard a wide range of variability in size, shape
and color of roots and rosette (Shebalina, 1985). In the world collection of VIR, there are 1400 small
radish samples of various morphotypes and different eco-geographical origin. The purpose of our
work is organization of the small radish trait collections according to the main directions of breeding.
Different ripening groups, weight, shape and color of the roots, optimal ratio of the root weight to
the total weight of the plant (above 60%), resistance to early stalking, uncoated leaf, whole leaf,
compact leaf outlet, nice taste and valuable biochemical composition are traits of interest. The
material of our study was the core small radish collection of VIR, which consist of 110 samples (7.8%
of the base collection), vary in morphological, phenological and economically valuable traits. Samples
were described during cultivation at protected ground (spring and winter greenhouses) and
experimental field. Set of 45 traits was described, using the original VIR descriptor (Sazonova, 1981)
Biochemical analysis of samples by the aid of gas-liquid chromatography was performed. It was
revealed that the range of variation of morphological characters, as well as variability of traits,
related to productivity, precocity, accumulation of nutrients in small radish was very wide. For
example, range of variation of the most important traits looked as follows: period of vegetation - 1955 days, root weight - 2-75 g, diameter of the rosette - 8-35 cm, ascorbic acid content in roots - 18-55
mg / 100 g, etc. Roots were differed in shape (round-flat, rounded, round-oval, oval, cylindrical,
spindle-shaped, conical). As the results of our study, the range of manifestation and stability of traits
of interest during grows in contrast growing conditions was detected. Several ecologo-geographical
groups, types of varieties and samples from the small radish collection, with high adaptive potential,
were identified. They can be used like the sources of valuable traits for the future breeding
programs.

Keywords : small radish, trait, collection of VIR
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P-208. New insights into the genetic diversity and reproduction of Brassica
rapa L
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Brassica rapa is an economically important species presenting a large phenotypic diversity. This
worldwide distributed crop is represented by many cultivated and wild forms, especially in Algeria
that belongs to its center of origin. We compared (1) 18 wild and cultivated Algerian B. rapa
accessions and (2) the Algerian accessions to 91 B.rapa cultivated varieties representative of the
worldwide variability. For Algerian accessions, we combined morphological and genetic analyses. We
used 28 vegetative and 20 floral traits to explore the phenotypic variations and 69 SSR markers to
evaluate the genetic diversity. The Principal Component Analysis based on the averages of each
morphological trait per accession and on SSR data clearly divided the accessions from Algeria into
two main groups without overlap, independently of their local geographical origin. The first one
gathered the wild forms and the second one included the cultivated accessions. The comparison with
European and Asian B. rapa accessions indicates that the Algerian accessions had the highest allelic
richness. Analyses of reproductive system and floral traits showed that a great level of selfincompatibility is maintained in both wild and cultivated Algerian accessions. In addition, they
displayed a high variation in floral morphology. The large diversity observed may be explained by the
self-incompatibility and the floral parameters, which may reinforce the allogamy. Additionally, the
population structure analysis revealed five groups: the two Algerian groups (cultivated and wild)
appeared distinct from the three other ones, corresponding to Chinese cabbage and Pak-choi
accessions from Asia, cultigroups from Asia and oilseed or root vegetable types from Europe and
North Africa. Interestingly, some B. napus varieties seem related to Algerian groups. These newly
described Algerian B. rapa accessions increased our understanding of the evolutionary history of this
species and should be further investigated for agronomic traits.

Key words: Brassica rapa, genetic diversity, SSRs, phenotypic diversity, selfincompatibility
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P-209. ‘DEsCriBe’ project: A wide investigation of phytochemical diversity in
leaves, roots and seeds of Brassica napus
Gravot Antoine1, Oumayma Hamzaoui1, Lionel Lebreton1, Nathalie Marnet2, Bruno
Marquer1, Patrick Leconte1, Christophe Langrume1, Christine Lariagon1, Jocelyne Lemoine1,
Maryse Lode1, Solenne Berardocco1, Marie-Madeleine Gilet1, Gwenn Trotoux1, Pascal Glory1,
Claude Domin1, Bernard Moulin1, Morgane Ourry1, Christophe Mougel1, Anne Laperche1,
Nathalie Nesi1, Anne-Marie Chèvre1, Mathieu Rousseau-Gueutin1, Anne-Marie Cortesero1,
Maxime Hervé1, Maria J. Manzanares-Dauleux1, Régine Delourme1, Alain Bouchereau1
1
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Intraspecific phytochemical diversity is a key determinant of crop biotic interactions and a source of
plant resistance traits. Breeding efforts for low glucosinolate (GSL) contents in seeds have largely
shaped the phytochemical landscape of oilseed rape varieties. The genetic architecture of GSL profile
in seeds and leaves has been investigated by many research groups. However, several aspects of the
phytochemical intraspecific diversity in vegetative parts of Brassica napus still deserve further
extensive investigations. DEsCriBe is a multi-team project recently started at IGEPP, aiming at the
most possibly exhaustive metabolomic study of specialized compounds in a diversity panel of 250
accessions of B. napus, including low and high GSL winter and spring oilseed rape varieties, forage
rape, and swedes. The resulting intraspecific chemical diversity will be compared to the one of two
core collections of the progenitor species B. oleracea and B. rapa. The work will focus on endogenous
(seeds, roots and leaves) and volatiles secondary compounds, with a specific emphasis on
glucosinolates, phenolics and low molecular weight terpenes. The starting point of the project
includes the development of analytical procedures dedicated to the assessment of putatively rare
compounds that might be specific of some genotype subsets. As a main output, the project will
define a phytochemical identity card for every accessions in the panel, a dataset that will support the
choice of genotypes in further works on plant biotic interactions. GWAS analysis of phytochemical
traits will give genetic indications on the possible impact of recent B. napus breeding history on the
metabolomics features of vegetative organs. This work will be also a starting point for further
investigations on the molecular basis of the biosynthesis and regulation of rare or understudied
Brassica-specific specialized metabolites that are absent from Arabidopsis.

Keywords : Brassica napus, secondary metabolism, phytochemical diversity, Genome Wide
Association Study
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P-210. Genetic diversity of white cabbage (Brassica oleracea var. capitata L.)
inbred lines based on simple sequence repeat (SSR) markers and its relation
to hybrid performance
Rudolf Pilih Katarina, Murovec Jana, Štajner Nataša, Bohanec Borut
University of Ljubljana, Biotechnical faculty, Agronomy department, Jamnikarjeva 101, 1000 Ljubljana
The prediction of hybrid performance has always been a primary objective in all hybrid crop breeding
programmes. The present study was conducted to evaluate the relationship between parental
genetic distances, combining ability and heterosis in white cabbage (Brassica oleracea var.capitata
L.). The DNA-based marker protocol–SSR was used to determine genetic diversity among 28 inbred
lines produced via microsporogenesis. A total of 40 alleles were generated by amplification with 16
SSR primer pairs (Nur Kholilatul et al., 2014). Based on the polymorphism generated by the markers,
genetic distance value ranged from 0.06 to 0.81 The disimilarity index was calculated by simple
matching (Darwin 6.0.14). Cluster analysis grouped 28 inbred lines into four groups. In general,
crosses of lines located in different cluster yielded more than those from the same cluster. Among 53
experimental hybrids between anlaysed inbred lines, eight hybrids with the highest yield possesed
also very high genetic distance among inbred lines involved in crossings. The genetic distance was
between 0.56 and 0.78. A simple regression analysis between the genetic distance of inbreeds and
their hybrid vigour was performed. There was a statistically significant relationship between genetic
distance and yield at 95% confidence level. Results showed that among studied genotypes the
genetic distance highly correlated with heterosis for yield traits.

Keywords: cabbage, heterosis, SSR markers, genetic distance
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P-211. Investigation and improvement of the genome stability of advanced
Brassica ArArBcBcBcBc allohexaploids
Wenshan Zhang1, Shihao Chang1, Annaliese S. Mason2, Jinling Meng1, Jun Zou1*
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National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan,
430070, China
2
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A new Brassica allohexaploid species (2n = AABBCC) may combine subgenomes to increase genetic
variation and confer greater hybrid vigour relative to the diploid and allotetraploid species. We
aimed to increase the genetic diversity, genome stability and agronomic traits of this new crop type
by combining different allohexaploid genotypes and germplasm which has undergone intensive
selection for fertility and genome stability (2n = 54 chromosome complements). We investigated
chromosome number, pod number, seed number per silique and seed weight for hundreds of
hexaploid progenies resulting from 35 initial genotype combinations in the cross B. carinata × B. rapa
over the H4 to H11 generations. We also made crosses and selected progenies between hexaploids
from different cross combinations. Plants derived from intercrosses in the advanced generations
showed very high fertility and high proportions of progeny with 2n = 54 relative to the early
generations after intensive selection. Further attempts to broaden the genetic diversity and increase
genome stability are underway by crossing these advanced lines with hexaploids developed from
crosses between other Brassica species.

Key words: Brassica, hexaploid, genome stability, interspecific cross, genetic diversity
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P-212. Interspecies Hybridization in Brassicaceae Vegetables for Enriching
Secondary Metabolites
Ujjal K. Nath1, Song Samnang1, Pen Sreyvatey1, Jong-In Park1, IllSup Nou1
1

Department of Horticulture, Sunchon National University, Suncheon, Jeonnam 57922, South Korea
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Interspecies hybridization is tool to introduce target traits from one species to another. The family
Brassicaceae has two related taxa Brassica oleracea and B. rapa of important vegetable crops. Due to
close genetic relationship, interspecies crosses between them facilitate to transfer beneficial
agronomic traits. Two important secondary metabolites, glucosinolates (GLS) and β-carotene are
getting more attention to the breeder for their tremendous health benefits. Cabbage and Chinese
cabbage suppose to have GLS and β-carotene (orange colour leaves), respectively. However, no
orange colour in cabbage yet to report, aside with the present status of GLS content (ca. 200 μmol/g)
even not satisfactory. Therefore, our objectives are to develop cabbage cultivars with orange colour
(β-carotene) and enhanced GLS status. Two different interspecies breeding schemes are ongoing; i)
high GLS cabbage cultivar, SCNU36 (ca. 200 μmol/g GLS) was crossed with the twiggy turnip (B.
fruticulosa; ca. 2880 μmol/g GLS in leaf), ii) a cross was made between orange leaves Chinese
cabbage cultivars β-flash (OR mutant) with cabbage cultivars ASC-82 (white leaves). To overcome the
reproductive barrier, embryos were rescued after 20 days of hybridization and placed on MS
medium, F1 embryos were confirmed by PCR with A-, F- and C-genome specific markers. Twenty five
and 39 plantlets of 1st and 2nd interspecies crosses, respectively were treated with 0.2% colchicine as
root-dip method. Amphidiploid plantlets were selected by flowcytometry. BC1F1 progenies were
retrieved by crossing back of SCNU36 and ASC-82 lines with their amphidiploids. Desired BC1F1
plantlets were selected using HPLC of GLS and PCR amplification of OR allele specific markers.
Further backcrossing is conducting to produce the BC2F1 generation. We believe BC2F1 will generate
new types of cabbage cultivars with enriched GLS and β-carotene for human diet.
Acknowledgments
Golden Seed Project (No. 213007-05-2-CG100), the Ministry of Agriculture, the Food and Rural Affairs (MAFRA),
the Ministry of Oceans and Fisheries (MOF), the Rural Development Administration (RDA) and the Korea Forest
Service (KFS), Korea.
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P-213. Fine mapping and candidate gene analysis for a major locus controlling
circadian clock and secondary metabolism in Arabidopsis
Marta Francisco1, Victor M. Rodríguez1, Elena Cartea1, Daniel J. Kliebenstein2,3
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Analysis of natural variation in the Bay × Sha recombinant inbred line (RIL) population of Arabidopsis
thaliana consistently detected a major network QTL, Met.II.15, with significant impact in circadian
clock outputs (Kerwin et al., 2011). This locus was also identified as a major metabolomic QTL
hotspot in this same population and an eQTL hotspot for the aliphatic and indolic glucosinolate
pathways (Wentzell et al., 2007). This region does not contain any known glucosinolate and/or
circadian related genes. Thus, the objective of the present work was to identify and clone candidate
genes in the genomic region of Met.II.15. To accomplish this, we utilized a combination of fine-scale
genetic mapping and in silico candidate gene identification. For fine mapping, we created Near
Isogenic Lines (NILs) developed from a heterogeneous inbred family (HIF) that only segregates for the
target QTL (Tuinstra et al. 1997). This identified new recombination breakpoints that narrowed the
causal QTL to 25 genes. Simultaneously, we performed network analysis using co-expression, eQTL
and functional classification from publicly available datasets to identify good candidate genes for our
QTL, Met.II.15. Altogether, those analyses detected NAD-DEPENDENT MALIC ENZYME 1 (NAD-ME1)
as the most likely candidate gene affecting the accumulation of secondary metabolites in response to
the circadian clock. A reverse genetics strategy along with metabolomics analyses will help to confirm
NAD-ME1 as the causative gene for Met.II.15. This study provides important insights on identification
of particular genes with metabolic/clock linkages to begin understanding how both networks are
connected, how both regulate each other and its implications in the accumulation of plant secondary
metabolites.

Keywords: Arabidopsis, fine mapping, secondary metabolism, circadian clock, heterogeneous inbred
family (HIF).
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P-214. Beyond biofuel – high value applications of thermo-stable rapeseed
oil.
Natalia Stawniak1, Raymond Sloan2, Harjeevan Kaur1, Keith Norman3, Ian Bancroft1
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Rapeseed (B. napus L.) is of economic importance in the biodiesel production in Europe, valued at
~£3.6 Bn. However, decreasing inclusion rates of vegetable oils in the biofuel production by EU will
have a major impact on the rapeseed cultivation. In order to expand to new markets, we will discuss
the development of novel rapeseed varieties with high thermal stability of the oil and its possibilities
of using as a base stock in many types of industrial lubricants. HOLP - high oleic rapeseed lines with
reduced content of polyunsaturated fatty acids (PUFAs, ~7%) were identified using predictive
mutation breeding (Wells et al Molecular Breeding 33:349-362, 2014) and the physicochemical
evaluations of the oil extracted from seeds provided confirmation of the thermo-oxidative stability.
Moreover, using HOLP lines as background for developing lines with increased erucic acid resulted in
seeds with even lower content of PUFAs, thus making them even more suitable as oleochemical
feedstock or for erucamide production.

Keywords : Brassica napus, oil composition, breeding, biolubricants
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P-215. Genetic diversity in the rapeseed and mustard – Indian context
Rashmi Yadav, Vikender Kaur, Kuldeep Tripathi, J C Rana1 and Ashok Kumar
National Bureau of Plant Genetic Resources, Pusa Campus- 110 012, New Delhi-India
1
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The genetic diversity is considered as raw material for developing new varieties, its conservation and
evaluation also important for identifying new sources of genes so that utilization of germplasm is
enhanced. The germplasm of rapeseed and mustard conserved in the national gene bank of India at
ICAR-NBPGR comprised Brassica juncea (7272), B. juncea var. rugosa (95), Brassica rapa (1096),
Brassica rapa var. yellow sarson (1678), Brassica rapa var. toria (890), Brassica napus (224), B.
carinata (76) and others including B. tournfortii, Eruca, Crambe, Lepidium and Sisymbrium (466). The
entire germplasm collection has been characterised for agronomic traits and promising germplasm
has been identified. To enhance genetic base at farmer’s level specially to address climatic
vulnerability, participatory varietal selection to further improve landraces are being undertaken.
Around 3000 germplasm accessions have been evaluated under multiple environments at hot spots
and under artificial epiphytophiic conditions against insect and diseases such as aphids, white rust
and Alternaria blight (Bisht et al. 2015; Yadav et al. 2018). Traits specific donors/ genetic stocks for
traits like double low, low glucosinolate, high oil content cytoplasmic male sterility, restorers,
resistant to white rust, Alternaria blight, salinity tolerant, ultra-early maturing, bold seeded, high
water and nutrient use efficient, etc. have been identified and registered (Yadav et al. 2015). Wild
species, related tribe and genera have been used to derive CMS lines such as Moricandia arvensis +
B.juncea, Camelina sativa + B. carinata, Trachystoma balli + B. juncea, (Prakash et al 2009; Yamagishi
and Bhat 2014). The wild species are being used for transferring several other desirable traits into
cultivated allies under pre breeding programme. We assume that several traits specific donors
identified from cultivated and other related species will be useful for genetic amelioration of
rapeseed and mustard.
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P-216. Dissecting a Semi-Dwarf Brassica napus Mutant Controlled by Two
Genes
Chuanji Zhao, Junyan Huang, Yueying Liu, Caihua Dong, Xiaohui Cheng, Shengyi Liu
The Key Laboratory of Biology and Genetic Improvement of Oil Crops, The Ministry of Agriculture of
PRC, Oil Crops Research Institute, Chinese Academy of Agriculture Sciences, Wuhan, China
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Oilseed rape (Brassica napus) in the Yangtze valley is a tall crop and mechanized management such
as chemical spray in the crop late growth stage and mechanical harvestare difficult, and furthermore
its harvest index is rather low. Ideal plant architecture should be developed to meet mechanization
requirement and to increase harvest index. Understanding controlling genes of plant height is one of
crucial elements. In this study, a semi-dwarf (sdw) mutant derived from a bulk of EMS mutagenic
seeds of Brassica napus cv. zhongshuang9 (ZS9), has been investigating. In the mature stage,
compared with ZS9 (170 cm), the height of the sdw mutant (120 cm) was reduced by about
30%evaluated in multiple years in fields. For genetic analysis, we constructed two F2 populations
from the ZS9×sdw and sdw×ZS9, which also showed an expected Mendelian inheritance ratio of 15:1
(tall-dwarf plants, χ2<χ20.05=3:84; P>0.05), indicating that the phenotype of the sdwmutant was
controlled by two recessive genes (sdw1 and sdw2). The sdw1 was mapped to chromosome C03 by
BSA-seq and isolated by map-based cloning. Bioinformatics and sequence analysis suggested that
SDW1 contains a “C” to “T” substitution in coding sequence of which resulted in amino acid
changed, involved in signal pathway of brassinosteroid. Further studies of sdw2 are in progress.

Keywords: Brassica napus, plant height, EMS mutagenesis, gene cloning
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P-217. Can cold and freezing stress in canola be alleviated by the expression
of Arabidopsis thaliana ACYL-COENZYME A-BINDING PROTEIN 6?
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Canola (Brassica napus), is a major oilseed crop affected by a range of environmental and biological
stresses. Cold and freezing stress significantly affect crop performance in temperate countries,
resulting in reduced seed yield and quality. The ACYL-COENZYME A-BINDING PROTEIN (ACBP) family
is thought to be involved in intracellular acyl-CoA ester transport and has been implicated in stress
responses in many organisms. Functional analysis of ACBP family in Arabidopsis thaliana has shown
that plants overexpressing ACBP6 are more tolerant of freezing conditions than wild-type plants.
These transgenic lines showed higher levels of phosphatidic acid (PA) and phospholipase Dδ (PLDδ)
and lower levels of phosphatidylcholine (PC) than wild-type plants during freezing treatment.
Furthermore, ACBP6 may have roles in phospholipid metabolism and mediating cytosolic trafficking
of phosphatidylcholine. Here, we present our most recent work showing the potential of Arabidopsis
ACBP6 gene to improve performance of rapid-cycling B. napus exposed to low temperature stress.
We selected rapid-cycling B. napus plants as our Brassica model due to characters that are
favourable for experimental manipulation. These include short life cycle (55 days), small plant size,
no seed dormancy, high female fertility and rapid seed maturation. Rapid-cycling B. napus plants
over-expressing ACBP6 were generated using Agrobacterium-mediated transformation of cotyledon
explants. Stable T3 progeny for four independent transgenic lines were tested for tolerance to cold
and freezing stress in an upright fan-forced freezer. An electronic microprocessor temperature
controller and a portable electronic temperature logger accurately measured and controlled
temperature during treatments. Low temperature stress was measured on two sets of plants, nonacclimated (NA) plants grown at 23oC (16 hrs light) and cold-acclimated (CA) plants exposed to 4oC
(12 hrs light) for 7 days before cold treatment. Cold treatment of plants at the vegetative stage with
5-6 leaves began at 4oC with the temperature lowered in steps of 2oC/hr to -3oC and then increased
at the same rate up to 4oC. After recovery for 24 hours at 4oC, plants were maintained at 23oC until
harvest, with periodical monitoring for recovery in terms of new shoots, flowers, inflorescences and
final yield. The harvest index was calculated by dividing the total dry weight of seeds by the total
plant dry weight. Plants at the seed setting stage were also tested for the effect of freezing on
developing seeds, using a similar temperature regime with a minimum temperature of -4oC, with the
addition of frosting induced at -2oC by introducing ice crystals to the soil surface. The leaves from the
two treatments were collected to measure electrolyte leakage using a benchtop conductivity meter.
Electrolyte leakage was expressed as a percentage ratio of initial electrolyte leakage to the total
electrolyte leakage measured after autoclaving the leaves. After freezing treatment of seed setting
plants, recovery was allowed at 4oC for 24 hours at which time the seeds were collected for further
analysis. Damage to seeds after the freezing treatment was measured by fluorescence diacetate
(FDA) staining and seed germination testing. For the FDA method, seed coats were carefully removed
and the seeds were stained with 0.2 mg/l FDA in 10% sucrose solution. The stained embryos were
observed with a stereomicroscope under fluorescent light provided by an external light source
through a Green Fluorescence Pigment filter. Photos were captured and the number of fully glowing
embryos presented as a percentage of the total number of embryos observed. The results were
analysed using the statistical analysis software Minitab 17. One-way ANOVA and two-way ANOVA

| 33

Session 2: Genetic diversity, epigenetics, breeding and biotechnology
were calculated and the means were compared using Fisher’s Least Significant Difference (protected)
test at the 5% confidence level.
Electrolyte leakage for leaves of cold treated plants showed values well below 25% indicating low
membrane damage, while values for freeze treated plants were higher, ranging between 25-70%. For
both cold-acclimated and non-acclimated plant sets, the highest electrolyte leakage was observed in
wild-type plants signifying more membrane damage during cold/freezing stress. Transgenic plants
showed less membrane damage, which was presumably linked to phospholipid metabolism of the
plant cells. It is understood that increased PLDδ stabilises the cell membrane via interactions with the
cell cytoskeleton, while PA derived from PLDδ during freezing stimulates a non-lamellar phase
membrane lipid and inhibits the activity of ‘phospholipase A’ avoiding membrane damage. Regrowth
of ‘green shoot buds’ which is an important recovery parameter showed that while wild-type plants
produced 2-3 buds, the transgenic plants produced 3-5 new buds. The harvest index (HI) of
transgenic plants was around 0.20 for almost all transgenic lines in both non-acclimated and coldacclimated conditions. The HI of wild-type plants and of one transgenic line were around 0.10. The
cold stressed ACBP6 vegetative plants recovered well and showed a higher yield potential than the
cold stressed wild-type plants. Seed survival after freezing was also significantly higher in the ACBP6expressing transgenic plants than in wild-type plants for both experiments. The percentages of fully
viable seeds recorded by FDA staining were 40%, 53% and 73% for three ACBP6-expressing
transgenic lines tested while it was 20% for wild-type plants under non-acclimated conditions. The
values for cold-acclimated plants were 38%, 66% and 63% respectively for transgenics lines and 27%
for wild-type plants. Seed germination tests further confirmed the viability of the seeds, with three
transgenic lines showing 60% to 80% germination while the wildtype and one transgenic line (which
had performed poorly during previous experiments) showed low seed germination levels below 32%.
Cold-acclimation did not improve the performance of rapid-cycling plants, but acted as an additional
cold stress during the experiment. Rapid-cycling ACBP6-expressing transgenic B. napus lines tested
showed lower membrane damage during cold/freezing treatments, a stronger recovery of plants and
their seeds were better protected during these low temperature stresses than were the seeds of
wild-type plants. Overexpression of ACBP6 is potentially useful in generating canola crops which are
more tolerant to cold and frost even without cold-acclimation.

Keywords: Agrobacterium-mediated transformation, Acyl-Coenzyme A-Binding Protein 6, ACBP6,
cold stress on vegetative plants, electrolyte leakage, freezing stress, rapid-cycling Brassica napus
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P-218. Cauliflower germplasm innovation via interspecific asymmetrical
somatic hybridization combining backcrossing
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Long term artificial breeding aiming commercial targets often leads to narrow genetic background of
breeding materials, which affects the diversity of new cultivars and the exertion of heterosis. Some
wild species have excellent characters lacking in cultivated species, such as black mustard, which has
resistance resources deficient in cauliflower. Interspecific somatic hybrids of Brassica oleracea var.
botrytis (cauliflower) and Brassica nigra (black mustard) were obtained by asymmetric protoplast
fusion. Alien addition line and introgression lines were got in the backcrossed and selfed offsprings.
Black rot/ club root resistances were identified by artificial inoculation on the seedlings in the
separated green houses, and morphological traits were recorded and selected in the field annually.
Broad phenotypic variations were observed in the introgression lines (ILs) which including the color
and morphology of leaves, the angle between leaves and stems, the time of flower ball formation,
the color and texture of flower balls, the color and length of flower stalk, the fertility etc. Multi-color
fluorescence in situ hybridization revealed that these plants contained 18 chromosomes derived
from cauliflower ‘Korso’. Molecular marker analysis identified the presence of B.nigra ‘G1/1’ DNA
segments. DNA profiling revealed the frequency of fragments lost in these ILs was significantly higher
than presence of novel bands, and the presence of fragments specific to B. carinata were common.
Methylation-sensitive amplified polymorphism (MSAP) analysis indicated that methylation changes
were common and that hypermethylation was more frequent than hypomethylation. Black rot and
club root resistant assay revealed that the intermediate type hybrids owned high resistance, but it
decreased sharply in the introgression lines. Several introgression lines having different cauliflower
curd/or specific characters, and relative better black rot resistance compared with the original
cauliflower ‘Korso’ were created. Our research developed new cauliflower pre-breeding materials,
and the genetic background relating the traits of ILs will be analyzed by resequencing further.

Keywords: cauliflower, black mustard, somatic hybridization, introgression lines, genetic and
epigenetic analysis, germplasm innovation
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P-219. Expression patterns and RdDM-mediated epigenetic regulations of
duplicated genes in allopolyploid Brassica napus A and C subgenomes
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Plant genome polyploidization and subsequent evolution is a crucial process for trait innovation and
new species formation. Building of new expression pattern of duplicated genes from parental
genomes in the same nucleolus is one of core events in the process. However, how new patterns are
formed immediately after genome merger and further expression alteration is regulated remains
unclear. In our study, we used a plant containing A subgenome (AeAe) extracted from
allotetraploid Brassica napus (AnAnCnCn) to address the above questions. The comparison using
AeAe plant as an expression analysis control revealed gene expression patterns of An and
Cn duplicated gene pairs: of total 22,759 gene pairs expressed in leaves, those with expression levels
of An=Cn, An>Cn and An<Cn are 72.2%, 13.2% and 14.7%, respectively; about 80% of the pairs showed
expression patterns inherited from its progenitors, and 20% altered expression patterns. For
regulation, 20% of the pairs with expression alteration can be explained by the cis- and transregulation of 24-nt siRNAs via RNA-directed DNA methylation pathway. In addition, we found that a
part of inheritable gene expression patterns were regulated by the asymmetrically insertion of TE
between An and Cn genomes. Our results revealed expression patterns and regulatory mechanisms
of polyploid B. napus duplicated genes, and provided new insights into expression evolution of
polyploid duplicated genes.

Keywords : Polyploid, Brassica napus, duplicated genes, gene expression pattern, RdDM.
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P-220. Towards Functional Characterization of Pod Shatter Resistant Genes in
Brassica napus
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The majority of rapeseed cultivars shatter seeds upon maturity especially under bad weather
conditions. Previous studies have mapped two repeatedly detected quantitative trait loci (QTL) for
pod shatter resistance on A06 and A09 using genome wide linkage and associate analysis (Liu et al.
2016). Sequence analysis of the candidate gene BnSHP1.A9 at A09 locus identified 36 SNPs and 13
insertion and deletion (InDel) polymorphisms between the parental lines. An InDel marker, A09-IF4,
was developed to detect the 24-bp indel polymorphism of BnSHP1.A9. Linkage analysis with SNP
markers detected by Brassica 60K Infinium® SNP array and A09-IF4 divided A09 locus into two in
R1/R2 DH population. qSRI.A09.1, which harbors BnSHP1.A9, is a less effect QTL explaining 11.67%
phenotypic variance. Expression analysis by RT-PCR of BnSHP1.A9 showed in R2 developing pods the
expression was decreasing after 18 days of flowering. Another locus qSRI.A09.2 is a main effect QTL
explaining 32.84% phenotypic variance. Fine mapping using 4460 BC4F2 individuals delimitated
qSRI.A9.2 into 180 kb genome interval of A09 in B. napus. Analysis of the data from resequencing of
R1 and R2 parental lines identified a candidate gene with structural variation. A 1 bp deletion and
629 bp insertion in the second extron of qSRI.A9.2 in R1 were detected, which causes translation
termination of the gene. Functional analysis of these candidate genes by overexpression or mutated
plants with CRISPR/Cas9 is underway. In addition, using a ZR DH population containing 282 lines and
resequencing data at 1× coverage, a high density genetic map was constructed and qSRI.A06 was
mapped in a 663.7 kb region. Thirty-two genes with sequence difference between parental lines
were detected. Furthermore, pod shattering related genes, including ALC, IND, RPL and JAG were
mutated by CRISPR/Cas9 for creation new alleles of pod shatter resistance.
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P-221. Investigation of branch angle in Brassica napus towards yield
improvement at high density planting.
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Oilseed rape (Brassica napus L.) is the most important oil crop in China. Branch angle as a plant
architecture component trait plays an important role for yield performance especially under high
density planting condition. One diversity panel comprising 143 rapeseed lines were evaluated and
significant phenotypic variation of branch angle was observed ranging from 20◦ to 70◦. Genome wide
association analysis (GWAS) using 143 genotypes determined by a 60K Brassica Infinium SNP array
identified significant quantitative trait loci (QTL) associated with branch angle, containing orthologs
of Lazy, SPL14 and GH3, which are candidate genes involved in branch angle formation. Bulked
segregant analysis (BSA) combined with next generation sequencing technology using an F2
population identified a 0.58 Mb quantitative trait locus on A6 chromosome controlling branch angle.
One AtYUC6 homolog was identified within the locus to be the most possible candidate gene due to
its involvement in crucial steps of auxin biosynthesis pathway. Transgenic plants overexpressed
BnaYUC6 in Arabidopsis displayed small branch angle and auxin overproduced phenotype.
Overexpression of BnaYUC6 in oilseed rape leads to small branch angel but big leaf angel. Subcellular
localization result revealed that BnaYUC6 protein was localized in endoplasmic reticulum. Our results
suggested that BnaYUC6 is the candidate gene that control branch angle on A6 chromosome.
Meanwhile, the compact lines identified and QTL obtained from these studies laid a good foundation
for further understanding and genetic improvement of plant architecture in rapeseed.

Keywords: oilseed rape; plant architecture; branch angle; QTL-seq; GWAS; BnaYUC6
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P-300. Induction of heat stress memory to face negative impacts of high
temperature during seed filling on seed quality in oilseed rape (Brassica
napus L.)
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Oilseed rape ranks second in the worldwide production of oil crops following soybean. To face a
diverse demand, yield and seed quality need to be maintained and even increased in a climatic
context where repeated extreme events are expected (Bador et al., 2017; Christidis et al., 2015).
However, evidence of repeated mild stressing events were showed to help stimulating stress
memory which relies on priming mechanisms set up during the first stress exposure (Iwasaki and
Paszkowski, 2014; Kinoshita and Seki, 2014; Wang et al., 2014, 2016). Our study was conducted to
test high temperature sequences (HTS) which could alleviate negative impact of heat peaks on seed
quality. Several HTS were applied at pod filling GS72 (when pod length >4cm for 20% of the pods
(Lancashire et al., 1991)). The HTS were designed to test whether a mild stress sequence (MSS,
24/21°C (day/night) for 5 days) applied to plants prior to heat peaks sequence (HPS, 24/21°C
(day/night) for 5 days including 35°C (5h/day)) could induce a priming effect. Seed characterization
was related to nutritional (e.g. fatty acids profile, proteins) and physiological quality (mainly
germination rates, soluble sugars, and acid abscisic content). The first results on seeds collected from
pods> 4cm showed that when seeds were submitted to the MSS prior to HPS, thousand seed weight,
oil concentration and the ratio ω6:ω3 decreased compared the modalities without the mild stress
sequence. Unexpectedly, MSS had an impact when followed by HPS while it did not have any effect
when applied solely. This study was conducted to identify priming protocols that would promote the
acquisition of thermotolerance throughout the crop cycle. The results will be interpreted with
epigenetic analyses with the strong hypothesis that heat acclimation was acquired by epigenetic
mark modifications that could act as key levers in the transmission thermotolerance traits.
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P-301. Identification of the main factors limiting seed yield in rapeseed helps
dissecting the environment and GxE effects.
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A major challenge in plant breeding is to ensure an optimized and stable production under
fluctuating environments while reducing the environmental impacts of agriculture. Thus, the new
rapeseed varieties should be tolerant to multiple stresses (water, temperature, pests …). We are
interested in identifying the genomic regions controlling seed yield under a wide range of
environmental conditions. Previous genetic analyses based on multi-local trials revealed that 1)
numerous loci are involved in seed yield control, and 2) there are strong Genotype by Environment
(G×E) interaction effects (10%) leading to a high environment-specificity of the QTL (Bouchet et al,
2016). A prerequisite for the identification of genetic determinants controlling the G×E interaction is
to characterize the environment (E) and G×E interaction. Therefore, we aimed at characterizing a
panel of genotypes over a large field network covering various pedo-climatic conditions in France (20
environments). To capture and dissect the yield variations across genotypes and environments, the
environmental effect was split into a combination of limiting factors. First, pedo-climatic indicators
were produced based on both climatic data and phenological notations made for two probe
genotypes. Using a PLS regression, ten indicators were identified as the main yield limiting factors
over the field network. The environments were subsequently clustered based on the PLS regression
components leading to five environment groups of which four ones displayed non-significant intragroup G×E effects. This clustering method based on the two probe genotypes was validated for a
larger diversity set of 127 winter rapeseed accessions covering the rapeseed genetic diversity grown
in Europe. The diversity set was trialed in 11 environments of the field network. Further applications
of such environmental clustering method to identify QTL×cluster or QTL×limiting factor interactions
as well as to improve genomic predictions will be discussed.

Keywords: Brassica napus L., limiting factors, G×E interactions, PLS regression
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P-302. Nitrogen remobilization efficiency of Brassica napus: what is the
proteolytic machinery associated with the senescence of siliques? : Proteases
associated with the nitrogen remobilization in siliques of oilseed rape
Marine Poret1, Philippe D’Hooghe1, Balakumaran Chandrasekar2, Renier A. L. van der Hoorn2,
Jacques Trouverie1, Jean-Christophe Avice1
1

UMR INRA–UCBN 950 Ecophysiologie Végétale, Agronomie & Nutritions N.C.S., INRA, Université de Caen
Normandie, SFR Normandie Végétal FED4277, F-14032 Caen, France
2
The Plant Chemetics Laboratory, Department of Plant Sciences, University of Oxford, South Parks Road,
Oxford OX1 3RB, United Kingdom

Oilseed rape is characterized by a low N use efficiency mainly due to a weak N remobilization efficiency
during senescence [1,2]. Few studies showed that the N remobilization from stem and silique envelops
(pericarps) are determinant for the seed yield [3,4,5]. After flowering, pericarps correspond to the major
photosynthetic organ and act as pivotal tissue for the transport of assimilates provided by
photosynthesis, and for the distribution of nutrients coming from uptake and/or remobilization towards
seeds. Moreover, it was shown that genes encoding for amino acid transporters were up-regulated
during senescence of pericarps of oilseed rape [5]. Based on the hypothesis that the optimization of
pericarp N recycling during pericarp senescence may led to significantly improve the N remobilization
efficiency of oilseed rape, our aim was to characterize the protease activities involved in the N
remobilization from pericarps. To address this question, changes of N and protein contents were studied
during the development and the senescence of siliques. The identification of active proteases associated
with pericarp senescence was performed with a protease activity profiling method using activitydependent fluorescent probes. Proteolysis during pericarp senescence is correlated with the increase of
subtilisins and carboxypeptidases activities and the specific induction of cysteine proteases activities
(RD21-, SAG12-, AALP-like proteases). Altogether, these results demonstrated that specific serine and
cysteine proteases could play a crucial role in the pericarp senescence, as already demonstrated for leaf
senescence in oilseed rape [7]. In conclusion, to improve the N use efficiency via the optimization of N
remobilization efficiency, this study suggests that it will be necessary to explore the genotypic variability
of oilseed rape in order to select genotypes presenting high protease activities not only during leaf
senescence but also during pericarp senescence.
This work was funded by the French National Research Agency (ANR-11-BTBR-004 RAPSODYN) and by a Ph.D. grant to Mrs Poret
from the French Ministry of Research and the PhD Doctoral School EDNBISE. Further financial support was provided by ERA-IB
project “PRODuCE”, the Max Planck Society, COST CM1004 and the University of Oxford.
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P-303. Sulfate limitation negatively impacts the quality of storage proteins
during the development of seeds, the rate of germination and the seedling
development in Brassica napus L. Sulfate deficiency affects seed storage proteins and
germination in oilseed rape
Emilie Poisson, Julien Besnard, Philippe D’Hooghe, Sophie Brunel-Muguet, Jean-Christophe
Avice, Jacques Trouverie.
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Oilseed rape (Brassica napus L.) is a high S demanding crop (20-30 kg S .ha-1.year-1). Seed protein and
oil content have been shown to increase with S fertilization [1,2,3]. Because S in soil is declining [4],
studying the impacts of S limitation on seed nutritional [3] and physiological qualities is essential.
This work investigated, in oilseed rape, the impact of sulfate limitation applied at early beginning of
flowering on (i) the establishment of seed storage proteins during seed development and (ii) the
germination rate and the seedling development. The pattern of seed storage proteins was studied by
proteomic analysis on developing seeds (from 2 to 12 weeks after flowering) harvested on plants
limited or not in sulfate [3]. For germination tests (i.e: radicle protrusion), mature seeds were first
calibrated to a diameter > 1.6 mm. Fifty seeds per biological repetition were sown on water for 7
days with a cycle of 8 h dark (18°C)/16 h light (25°C, photon flux density of 400 mol.m-2.s-1). The
cumulative germination rate was fitted to a Gompertz function [5]. Contents of S-compounds [3, 6]
were studied during germination and post-germination events. Sulfate limitation applied at early
beginning of flowering significantly reduced seed protein quality starting at 6 weeks after flowering.
Accumulation of S-rich seed storage proteins (particularly napins) was reduced but compensated by
accumulation of S-poor seed storage proteins which allowed maintaining of the protein content in Slimited seeds. The low rate of viable seedlings observed for S-limited seeds (only 15%) was related
both to a reduction of germination rate (40%) and to perturbations of post-germinative events. S
metabolism was early active after germination completion and was affected in S-limited seeds. These
results highlight that S fertilization management is crucial for maintenance of seed storage proteins
quality as well as germination and post-germination behaviours in oilseed rape.
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P-304. Insights into proline metabolism as a protagonist of nutrient
remobilization efficiency in oilseed rape (Brassica napus L.)
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Leaf senescence is a crucial physiological process for plant development. In oilseed rape, it occurs at
two periods in the life cycle of the plant, either during the vegetative phase with the so-called
sequential senescence or during the reproductive phase and the monocarpic senescence. During
natural vegetative senescence, nutrients such as nitrogen have to be recycled to feed the formation
of new organs. After preliminary information that indicated that proline (Pro) catabolism may be
activated during senescence in oilseed rape (Albert et al. 2012; Faes et al. 2015) experimental
evidences have been brought here that Pro oxidation should serve nutrient recycling processes. From
phloem exudate screening, infiltrated 13C-Pro destination monitoring and Pro dehydrogenase gene
expression measurements in leaf tissues of different ages, we have established that Pro catabolism is
stimulated during senescence while its loading properties in the phloem are decreased. Identified
labeled amino acids give insight into the possible recruitment of Pro to feed glutamate and glutamine
biosynthesis, ammonia recycling and nitrogen re-allocation to sink tissues. Concurrently, Pro
oxidation activation could be a way of supplying the mitochondrial electron transfer chain for energy
production. Moreover, when the photoperiodic regulation of these metabolic events is considered, it
is shown here that Pro catabolism correlated with the activated expression of ProDH genes is
exacerbated during the dark period, indicating that Pro contribution to energy supply and
mitochondrial functioning could be strengthened at this time.

Keywords : Nitrogen use efficiency; Proline catabolism; Stable isotope labelling; Proline
dehydrogenase
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P-305. Quantitative effects of day length and temperature on flowering time
of oilseed rape (Brassica napus L.)
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Flowering time in winter oilseed rape is determined by vernalization requirement, temperature and
day length. Full vernalization is usually achieved after 8 weeks of artificial vernalization or by end of
December in the field. However, begin of flowering is delayed until April. This indicates that either
day length and/or temperature are major factors influencing flowering time, since rapeseed is
considered a long day plant and it is known from other plants that ambient temperatures induce
flowering. Yet the relative impact of both factors on determining flowering time in oilseed rape has
not been investigated.Spring types do not require vernalization to flower, but it is unknown how they
react to different day length and temperature, since spring types are sown end of March under
already higher temperatures and longer days. The impact of those factors might be smaller than in
winter types.
The objective of the present project was to study the influence of day length and temperature on
flowering time of a DH population derived from a cross between the spring oilseed rape genotype
Topas (DH4079) and the winter oilseed rape cultivar Express (inbred line 617). Fully vernalized plants
(9 weeks at 4°C) were incubated in growth chambers adjusted to the following conditions: 8 hrs light
12 °C; 8 hrs light 21 °C; 16 hrs light 12 °C; 16 hrs light 21 °C. Four independent experiments were
performed and begin of flowering and other traits were recorded. QTL mapping was performed using
mean data from these experiments and a previously developed Illumina Infinium 60K SNP-chip based
molecular linkage map. Results about the relative contribution of day length and temperature as well
as from the QTL mapping and the identification of candidate genes will be presented.

Keywords: Brassica napus L., flowering time, vernalization, temperature, day length

| 45

Session 3: Nutrient use efficiency, abiotic stress tolerance

P-306. Root electrical capacitance response of bzh oilseed rape near–isogenic
hybrids to different nitrogen levels in the field
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Oilseed rape (Brassica napus) semi-dwarf hybrids from crosses between bzh dwarf lines and normaltype lines have improved winterhardiness and drought tolerance (Pinochet and Renard 2012), and
they show equal yield, higher harvest index and higher nitrogen (N) use efficiency compared to
normal-type hybrids (Miersch et al. 2016 a, b). In this study we analyzed whether these N nutritionrelated effects can be explained by the shorter shoot and resulting higher harvest index or by the bzh
dwarf locus also affecting the root system. Root system size was measured using root electrical
capacitance (EC; Chloupek 1972; Wu et al. 2016) in field trials with two N levels in 16 near-isogenic
hybrids in the 2016–17 season. Seedling root architecture parameters were monitored in-vitro. Stem
diameter as an indirect estimate of the tap root volume was measured. In-vitro root growth showed
a higher root:shoot ratio in bzh semi-dwarf hybrids compared to normal types. Root EC in field trials
was higher heritable at the end of flowering (h²=0.73) than at the beginning of flowering (h²=0.36).
Root EC was higher at high N supply than at zero N fertilization. bzh semi-dwarf and normal-type
genotypes responded differently to N fertilization: While semi dwarfs outperformed normal-type
genotypes in root EC at high N supply, this trend was inversed at low N fertilization, where semi
dwarfs had a reduced or equal root EC. Root EC proved to be a valuable tool for screening oilseed
rape root system size in breeding programs. The monitored reduction of semi-dwarfs root EC under
low N fertilization with simultaneous increase in N efficiency implies that the bzh root system reacts
highly economically when N is scarce. Further experiments are needed to study the root system in
more detail.

Keywords: root electrical capacitance, Nitrogen use efficiency, dwarfing genes, semi-dwarf hybrids,
root system, growth type
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P-400. Warm temperatures differentially affect root traits in Brassica napus
varieties
Marta Boter, José A. Jarillo, Manuel Piñeiro, Mónica Pernas.
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Montegancedo, 28223 Madrid
European farmers are currently tackling the crucial challenge of securing crop yield by adapting
agricultural practices and crop varieties to climate change. Oilseed rape (Brassica napus) is
considered one of the main sources of high-quality vegetable oil for human nutrition and biofuels
worldwide. Plants are highly responsive to small differences in temperature and adjust their growth
and development accordingly. Although great progress has been made in improving crop tolerance
to adverse environmental stresses, so far most efforts have targeted above-ground traits. Roots are
essential for plant adaptation to environment and crop productivity, but have been less studied due
to the difficulty of observing underground organs during the plant life cycle. In the framework of the
SYBRACLIM project (Securing yield stability of Brassica crops in changing climate conditions, FACCEJPI-ERA-NET) we are investigating the impact of prolonged elevation of ambient temperature,
recapitulating the consequences of global warming, on root development traits in a genetically
diverse panel of spring oilseed rape genotypes. The screening of roots of a panel of oilseed rape
seedlings grown in a “wick and pouch” system at 21 and 29ºC for morphological and dynamic
parameters such as primary root length, lateral root number and root growth rates, has uncovered a
diverse phenotypic variation among oilseed rape genotypes in response to warm temperatures. Our
results indicate that a rise of ambient temperature to 29 °C increased overall root growth.
Interestingly, the longer roots of 29 °C grown plants showed a shorter meristem and reduced cell
number compared to 21ºC plants suggesting an effect of warming temperatures either on cell
division or in the transition time of cells from the meristem to the elongation zone (EZ). In the EZ, an
increase on average cell length in response to 29ºC positively correlates with the increase in root
depth. Additionally, some varieties showed an early cell differentiation in response to warm
temperatures. Altogether, these results indicate that Brassica napus varieties roots use different
strategies that combine regulation of cellular division, elongation and differentiation to adapt to
warm temperatures. To uncover the genetic determinants involved in the oilseed rape response to
warm temperatures we performed genome-wide transcriptomics (RNA-seq) comparisons of oilseed
rape genotypes showing differential root traits responses to warm temperatures. Our results show
that the transcriptomic response to warm temperature differs between varieties with very low
overlap in gene expression. Interestingly, we have uncovered an inverse relation between the
expression of stress-response genes and an increase in root depth under warm temperature.
Conversely, there is a positive correlation between no activation or repression of heat-stress genes
and warm temperature induced root elongation. These results suggest that attenuation of stressresponse genes is required to increase root length and therefore to span the available soil area for
water and nutrient uptake. In summary, we propose that oilseed rape genetic background determine
the root adaptation capability of each variety by adopting different root growth strategies in
response to warm temperatures.
Keywords: Climate change, warm temperature, abiotic stress, Brassica crops, root traits, crop adaptation.
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P-401. Development and validation of near-infrared spectroscopy models for
predicting Nitrogen and Carbon contents in rapeseed tissues (Brassica napus)
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Primary metabolites play a crucial role in plant developmental processes such as yield elaboration or
stress response. As a consequence, determining the nitrogen (N) and carbon (C) contents throughout
the plant cycle is of high importance to unravel and compare the performance of rapeseed varieties.
Equations are already available and extensively used to predict grain quality traits, but few
references exist to predict N or C content from powder samples. However, in the context of genetic
studies, huge number of samples is generally required acquired along the whole crop cycle and
conventional methods for N and C analyses show limitations due to low throughput. The aim of this
study was to develop a low-cost and high-throughput tool to assess the N and C contents of
thousands of samples differing in terms of organs (stem, root, leaves …) in a limited timing. The use
of near-infrared spectroscopy (NIRS) calibration models was therefore questioned to address this
issue.
We used approximately 2800 samples that were collected on 63 winter rapeseed accessions grown
over 3 cropping cycles and selected for their wide diversity in terms of tissue origins (leaf, root,
flower, stem, pod) and growth conditions (semi-controlled vs. field; application of N and/or water
limitations). N and C determination was conducted according to the Dumas combustion reference
method with an automated CN analyzer (VarioMicro Cube, Elementar®). The NIR analysis of each
sample was performed using an FT-NIR spectrometer (MPA, Bruker®) within 4000-10 000 cm-1.
Spectra were collected in reflectance mode with a 16 cm-1 optical resolution and were obtained as an
average of 64 scans. Calibration models were optimized using the OPUS 7.2 software (Bruker®).
One half of the sample subset was considered for the calibration development while the other half
was kept for testing the model performances. The models were developed after pretreatment of the
spectra (Standard Normal Variate (SNV) and first derivate) for N and C concentrations ranging from
0.2 to 7 % and 33 to 47 % respectively. Plotting predicted against observed values revealed high
performances for the N content determination, with a correlation coefficient (R²) = 0.96, a root mean
squares error of prediction (RMSEP) = 0.265 and a residual predictive deviation (RPD) = 5.4 for
validation set. For the C prediction model, these performance parameters were slightly lower: R² =
0.80, RMSEP = 0.831 and RPD = 2.21.
Our results indicated that NIRS calibrations are accurate, rapid and low-cost tools for the evaluation
of N and C content in grinded samples of rapeseed. The portability of these models to predict new
experiments will be discussed and some improvements will be presented.

Keywords: Brassica napus, near-infrared spectroscopy, primary metabolites, N and C predictions
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Mozammel Hoque1,2, Daniel J. Shea1,3, Masato Sato1, Ryosuke Matsumura1, Mohamad Asadud-doullah2, Motoki Shimizu4, Ryo Fujimoto5, Eigo Fukai1, Keiichi Okazaki1
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Graduate School of Science and Technology, Niigata University, 2-8050, Ikarashi, Nishi-ku, Niigata
950-2181, Japan
2
Faculty of Agriculture, Sylhet Agricultural University, Sylhet 3100, Bangladesh
3
Institute of Vegetable and Floriculture Science, NARO, Kusawa, Ano, Tsu, Mie 514-2392, Japan
4
Iwate Biotechnology Research Center, 22-174-4 Narita, Kitakami, Iwate 024-0003, Japan
5
Graduate School of Agricultural Science, Kobe University, Rokkodai, Nada-ku, Kobe 657-8501, Japan
The tuberous stem of kohlrabi is an important quantitative trait, which affects its yield and quality. In
our previous study, four significant QTLs for radial enlargement of kohlrabi stem, namely, REnBo1,
REnBo2, REnBo3, and REnBo4 were detected on C02, C03, C05, and C09, respectively. In this study,
the locations of those QTLs were re-examined using newly developed BC1 and F2 populations
derived from the cross of two double haploid lines of kohlrabi and broccoli. We found a quantitative
segregation of tuberous stem formation in the F2 (KDH) population, with the phenotypic distribution
skewed towards increased stem swelling, and we observed three QTLs in the BC1 (KDH) population.
The REnBo1, and REnBo2 loci found previously in the BC1 population of cv. Sein were observed at the
same location of C02 and C03. Additionally, we have reported a new QTL for radial enlargement of
kohlrabi tuberous stem in C07. RNA-seq analysis was conducted to obtain transcriptome data for
KDH and GCP04 and was taken at 10 (KDH_10, GC_10) and 20 days (KDH_20, GC_20) after sowing
(DAS). The differentially expressed transcripts (DETs) in KDH_10 vs. KDH_20 in comparison to GC_10
vs. GC_20 were examined genome-wide to identify unique DETs in the KDH plants. Then, the DETs at
each REnBo locus were annotated, and analyzed to associate the Gene Ontology (GO) Biological
function to each KDH unique DET within the loci. Our results showed that at REnBo1, the younger
plants (KDH10) showed up-regulation in Auxin efflux carriers and Auxin F-BOX signaling proteins,
suggesting that the KDH_20 plants are down-regulating the removal of Auxin via Auxin efflux carriers.
At REnBo3, Auxin response factor and Auxin responsive protein were down-regulated in the younger
plants as compared to the older plants, while at REnBo4, Gibberellin-regulated protein was downregulated in the younger plants in comparison to the older plants. Taken together, these results point
to an increase in Auxin activity at 20 DAS in comparison to 10 DAS, suggesting that increased Auxin
and/or Gibberellin levels may be at least partly responsible for the initiation of tuberous stem
formation in Kohlrabi approximately 20 DAS. The combining of QTL mapping and transcriptome
analysis can be useful to understand the genetic mechanisms of stem swelling and storage organ
development in kohlrabi.
Keywords: Kohlrabi, swelling stem, transcriptome, QTL
Reference:
Hoque M. et al. (2107) Mol. Breed. 37:109, DOI 10.1007/s11032-017-0709-6
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P-500. Using novel broccoli lines to understand the role of a MYB
transcription factor in glucosinolate production and sulphur metabolism
Mikhaela Neequaye1,2, Maria Traka1, Lars Østergaard2, Richard Mithen1
1
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2

The production of glucosinolates is exclusive to members of the order Brassicales, playing a key role
in the positive health effects associated with Brassica crop consumption. MYB28 has been
characterised as a key regulator of the process of aliphatic glucosinolate biosynthesis in the model
plant Arabidopsis thaliana (1) and, to a more limited extent Brassica.
Variations in MYB28 alleles have been exploited to enhance the total sulphur content and aliphatic
glucosinolate content of broccoli (Brassica oleracea var italica) through the introgression of a novel
MYB28 allele from Brassica villosa (MYB28villosa) into a commercial broccoli background (2). These
lines represent a novel genetic tool to investigate the regulation of MYB28 expression as well as the
role of MYB28 expression in not only regulating glucosinolate accumulation but sulphur metabolism
at a molecular and metabolomic level. The current study includes a field trial of two novel broccoli
lines which were heterozygous or homozygous for the introgressed MYB28villosa allele. The expression
of this regulatory transcription factor was characterised and correlated with downstream expression
of glucosinolate biosynthesis genes and metabolomic analysis of the major sulphur pools found in
broccoli. Increased MYB28 expression confers increased biosynthesis of the aliphatic glucosinolate,
glucoraphanin in both broccoli leaf and floret tissue, with little effect on the major sulphur pools of
the crop. Enhancing glucosinolate content through introgression of the MYB28villosa allele has been
useful for both understanding sulphur metabolism in Brassica and as part of a programme involving
human intervention trials.
Keywords: Glucosinolates, broccoli, MYB28, sulphur metabolism

Reference:
1. Gigolashvili T et al., 2007, Plant Journal, 51(2):247-261.
2. Traka MH et al., 2013, New Phytologist, 198(4): 1085-1095
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P-501. Characterization of genomic regions influencing seed oil, fatty acid and
fibre content in the winter oilseed rape doubled haploid population Adriana ×
SGEDH13
Abdusaheed Olabisi Yusuf, Jan-Christoph Richter and Christian Möllers
Department of Crop Sciences, Georg-August Universität , Von-Siebold-Str. 8, 37075, Gottingen,
Germany
Reducing seed fibre content in oilseed rape to enhance seed oil and protein content is a continuous
challenge in oilseed rape breeding. Genetic progress in this direction is hampered by the limited
genetic variation in the oilseed rape gene pool and by pleiotropic effects between genes affecting
different seed quality traits. The objective of the present study was to analyze the inheritance of
fatty acid composition, seed oil and protein content, and seed fibre content in a doubled haploid
population derived from the cross of cv. Adriana and DH line SGEDH13. SGEDH13 has high oil
content, contains erucic acid and has been previously found to have low fibre content. 166 F1derived DH-lines were generated and tested in field experiments in three environments. At maturity,
seed samples harvested as a bulk from 10 open-pollinated plants per genotype were analyzed by
NIRS for seed oil, protein and fibre contents, while gas chromatography (GC) was used to determine
the fatty acid contents. ANOVA revealed significant genotypic effects for most of the analyzed traits
and heritabilities ranged between 79% - 93%. The pleiotropic effect of the erucic acid alleles on oil
and protein content were corrected by considering the regression between those traits. Corrected
data were used for mapping QTL for seed quality traits using a linkage map based on the Brassica 15K
Illumina Infinium SNP array. A major QTL was found for seed fibre content on chromosome C05
which co-located with a QTL for oil and protein content in the defatted meal with an opposite
additive effect.
Keywords: QTL, oilseed rape, seed oil content, fibre content, co-localisation, Adriana, SGEDH13
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P-502. Genetic variation, inheritance and mapping of QTL for the seed storage
proteins cruciferin and napin in the oilseed rape DH population SGDH14 ×
Express617
Nils Klages, Tobias Niehoff, Christian Möllers
Georg-August-Universität Göttingen, Department for Crop Sciences, Division of Plant Breeding, 37075
Göttingen, Germany
Oilseed rape (Brassica napus L.) is one of the most important oilseed crops in the temperate zones.
The press cake, which remains after the oil extraction, contains up to 40% protein and is a valuable
feedstuff for animals and has so far hardly been used as a source for human nutrition. The two major
seed storage proteins cruciferin (12S-globulin) and napin (2S-albumin) occur in different
concentrations in seeds of the oilseed rape gene pool. The two protein classes have different technofunctional properties, which may negatively influence the sensory quality of oilseed rape protein
products and hence may cause a rejection by consumers. The aim of the present project is to
investigate the genetic variation of cruciferin and napin and their inheritance in relation to other
seed quality traits. Another objective is to identify QTL, which may then be used in further breeding
for tailor-made cruciferin/napin compositions for specific applications. In previous work a DH
population consisting of 148 lines derived from the cross between SGDH14 and Express617 was
developed. This population segregates for erucic acid, glucosinolate and acid-detergent lignin (ADL)
content. It was genotyped using the Illumina Infinium 60K SNP chip and a SNP based framework map
will be used for QTL mapping. The DH population was tested in field experiments in five
environments. Seeds harvested at maturity were analyzed by NIRS to determine oil, fatty acid and
protein content as well as other seed quality traits. Cruciferin and napin content were analyzed using
SDS-PAGE and quantified by densitometry using cruciferin and napin protein standards. Results for
genetic variation, inheritance, correlation to other seed quality traits as well as QTL mapping will be
reported. Financial support of the BMBF funded project RaPEQ (FKZ 031B0198) is kindly
acknowledged.

Keywords: Cruciferin, napin, storage protein, QTL, SNP
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P-503. Exploring the diversity of kale: glucosinolates, herbivores and
phylogenetic relationships
Christoph Hahn1, Anja Müller2, Nikolai Kuhnert2, Dirk Albach1
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2
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In recent time, kale (Brassica oleracea var. sabellica) is gaining more and more popularity due to its
beneficial and nutritive properties. It is an important source of phytochemicals and its consumption
can reduce the risk of several forms of cancer. Especially the glucosinolates, converted to
isothiocyanates, trigger associated cancer-preventive activity. However, nutritional value varies
among glucosinolates and among cultivars. There are far more than 100 different cultivars known. In
our project we investigate the diversity of different kale varieties with respect to factors influencing
the glucosinolate content (cold temperatures and herbivory) and explore phylogenetic relationships
between kale, cabbage and related Brassica species. We quantitatively study how cold temperature
affects composition and levels of seven glucosinolates using HPLC-qTOF-ESI-MS, including kale from
Germany (scotch type) and Italy (lacinato type) as well as a wild collard type. In a subsequent
experiment, the influence of herbivory as a second factor on performance and glucosinolate
production of the same varieties is monitored by infecting the plants with Pieris brassicae (the large
white). The obtained profiles will be afterwards connected to results from phylogenetic analyses,
based on data from the Brassica 60K Illumina SNP array performed on a couple of varieties and
related Brassica species. So far, our results demonstrate that the glucosinolate levels differ markedly
among varieties. The comparison of the phytochemical data with phylogenetic relationships revealed
that the common name kale refers to at least three different groups. German, Italian and American
(collard type) kales differ morphologically and phytochemically. Our results demonstrate the diversity
of kale and the importance of preserving a broad gene pool for future breeding purposes. Based on
the findings, we start a systematic approach to crossbreed certain varieties and study their resulting
offsprings.
Keywords: Kale, Brassica oleracea, glucosinolates, temperature, Pieris brassicae, phylogenetics,
HPLC-MS, Brassica 60K Illumina array, hybridization
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P-504. Impacts of drought stress on seed yield and quality in oilseed rape
Grégoire Bianchetti1, Françoise Le Cahérec1, Anne-Sophie Bouchet1, Aurélien Carrillo1, Cécile
Baron1, Benoit Ly Vu2, Laurent Leport1, Julia Buitink2, Nathalie Nesi1
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2

Oilseed rape (Brassica napus) is the third most important oilseed crop in the world, providing oil and
proteins for food, feed and industrial uses. However, faced with the challenges of adapting
agriculture to climate change, seed production should have increased resilience to environmental
stress factors of which drought is known to have dramatic effects. This concerns seed yield
components as well as the nutritional quality, especially the oil/protein composition, and seed
vigour, a crucial factor in seedling establishment and yield.
The aim of our study is to unravel the physiological, molecular and biochemical events that underlie
the changes in seed yield and quality upon drought stress. To address this question, two genotypes
of winter oilseed rape were grown over two cropping seasons using a semi-controlled system
mimicking field conditions. Moderate water shortage treatments were applied from the flowering
stage onwards and fine-tuned until seed harvest.
Seed yield components were characterized. In addition, seed nutritional and physiological qualities
were determined using biochemical analyses and vigour/longevity tests respectively. Our results
demonstrated that drought stress dramatically reduced seed yield by lowering the seed number,
especially on the branches compared to the main raceme. In addition, drought stress also altered
seed quality at the nutritional level by modifying the oil/protein ratio and at the physiological level by
increasing speed germination while decreasing seed longevity. Interestingly, malate concentration
and germination speed appeared to be negatively correlated in mature dry seeds. In addition, seeds
produced under water shortage treatments displayed higher malate content and reduced vigour
than the controls. This latter result prompted us to consider malate as a potential biomarker of
drought stress response and seed vigour. Finally, the genetic variation for drought stress response
will be presented and discussed.

Keywords: Oilseed rape, drought stress, seed yield, seed quality, malate
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P-505. Association of microsatellite and AFLP markers with yield and seed
quality in winter oilseed rape (Brassica napus L.)
Alina Liersch1, Katarzyna Mikolajczyk1, Jan Bocianowski2, Wiesława Poplawska1, Joanna
Nowakowska1, Marcin Matuszczak1, Krzysztof Michalski1, Krystyna Krotka1, Iwona
Bartkowiak-Broda1
1Plant

Breeding and Acclimatization Institute-NRI, Research Division in Poznan, Poland
of Mathematical and Statistical Methods, Faculty of Agronomy and Bioengineering,
Poznan University of Life Sciences, Poznan, Poland
2Department

The aim of this work was to analyze phenotype-genotype associations among the selected 25
breeding lines and cultivars of rapeseed. Field trials including the analyzed 25 objects were
performed in four replicates of a randomized complete block design in six environments. Seed yield
was estimated for harvest from a total plot. Seed protein and oil content, fatty acid composition in
seed oil as well as glucosinolates content and the ADF and NDF fiber fractions were analyzed.
Genotyping was done using 80 microsatellite loci and 10 AFLP primer combinations, as well as allelespecific CAPS and SNP markers for non-mutated and mutant FAD2 and FAD3 desaturase genes,
respectively (Falentin et al., 2007; Mikolajczyk et al., 2010), and also SCAR markers for the Ogura
male-sterile cytoplasm and the Rfo restorer gene (Mikolajczyk et al., 2011). In total, 685 polymorphic
DNA markers were analyzed. Association analyses were performed both, for each of the six
environment separately, and for the calculated mean value of the six environments using the Genstat
17 statistical software. DNA markers determining particular phenotype traits with statistical
significance level of p=0.05 were estimated using five parameters: estimate of regression
coefficients, standard error of estimation, t-test value, P-value, and the range of phenotypic variation
accounted by particular marker; estimation was done using the regression analysis. The range of
phenotypic variation accounted by particular marker equaled, respectively: for seed yield, 22.4 - 36.1
%, for oil content 20.9 – 42.9 %, total glucosinolates 23.5 – 36.7 %, protein content 20.1 – 35.3 %, and
for fiber, ADF 29.8 % – 73.2, NDF 25,5 - 71,2 %. As a result, DNA markers associated with seed yield
and agronomically important grain quality traits were identified. The obtained results will be used for
further designing of markers specific for particular genotypes revealing agronomically important
traits.

Keywords: Winter oilseed rape (Brassica napus L.), microsatellite markers, AFLP, field trials,
association study
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P-506. Variation of secondary dormancy in oilseed rape (Brassica napus L.)
cultivars
Wieslawa Poplawska, Alina Liersch, Katarzyna Śliwińska, Franciszek Wielebski, Marek
Wójtowicz, Iwona Bartkowiak-Broda
Plant Breeding and Acclimatization Institute-NRI, Research Division in Poznan, Poland
The unfavorable feature of winter oilseed rape (Brassica napus L.) cultivars is secondary dormancy of
seeds which can persist in soil for many years and thus volunteers can emerge several years after the
last crop has been grown.
The aim of this work was to examine winter oilseed rape cultivars of different origins in respect to
their capacity of becoming secondarily dormant. Various 50 cultivars were tested: 10 cultivars
harvested in 2015, 20 harvested in 2016 and 20 harvested in 2017. The capacity for becoming
secondarily dormant could decrease with the time after harvest, therefore the test was performed
three times at randomized dates for each cultivar: in the first month following harvest in 2015, 2016
and 2017 and three times starting 6 months later.
Secondary dormancy was detected using laboratory test described by Pekrun (1994) and Pekrun et
al., (1997 b) and in the field experiment, by burying seeds in three types of soil to determine the
variation in secondary dormancy and persistence capacity (Gruber et al., 2004). Seeds buried in
September 2015, 2016, 2017 were dug out of the ground after 6 months in March 2015 and 2016
and in April in 2017 due to a long period of frost in winter. In the laboratory test, the level dormancy
of investigated cultivars was 0-15% in 2015, 0-92.5% in 2016, and 0-68.5% in 2017. In the burial
experiments the amount of viable seeds recovered for the same cultivars ranged: 0-63.9% in 2015
and 0-50.3% in 2016, data for 2017 are in elaboration. The present work shows that the laboratory
method is useful to reproduce persistence effects in soil and in screening genotypes for the
secondary dormancy feature.
The high genetic variability among investigated rapeseed cultivars gives breeding strategies a good
chance for selection genotypes with low secondary dormancy of seeds minimizing the risk of gene
dispersal in time.
Keywords: Winter oilseed rape (Brassica napus L.), secondary dormancy of seeds, seed persistence
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P-507. Selection for low glucosinolate content in seeds has modified the seed
storage protein profile in rapeseed
Véronique Solé-Jamault1, Aude Le Goff1, Erwan Corlouer2, Nathalie Nesi2
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Seed storage proteins in rapeseed consist of 12S globulins (cruciferins) and 2S albumins (napins) that
stand for around 70% of total seed proteins. The amino acid composition of rapeseed proteins is
excellent although slightly deficient in essential amino acids compared to soy proteins. In addition,
with 3-4% more sulfur residues rapeseed protein quality would reach FAO's recommendations for
human nutrition. Since napins contain more sulfur residues than cruciferins (8.1% Cys + Met vs.
2.7%), they display high value for food or feed usages. To date, genetic diversity of the seed storage
composition has been poorly documented in rapeseed, but a few studies have reported a cruciferin
enrichment at the expense of napins in modern grown double low (00) rapeseed cultivars (Malabat
et al, 2003; Schatzki et al, 2014). The aims of our study were to validate this latter tendency within a
population of 102 accessions maximizing genetic diversity in winter oilseed rape and characterize its
genetic and molecular bases. Seed storage proteins were extracted from milled and defatted seeds
and the 12S and 2S contents were quantified by size exclusion chromatography. Distribution of seed
storage protein contents tended to show significant lower 2S amounts and higher 12S/2S ratios in
double low cultivars compared to old varieties, confirming previous reports. In addition, seven loci
controlling the 2S content were detected in the rapeseed genome by GWAS. For three of these loci
(located on chromosomes A09 and C03), the favorable allele was the minor allele in the population
and was predominantly carried by the old varieties. In addition, the QTL on A09 co-localized with QTL
for seed glucosinolate content. These results provided new clues to improve the seed protein
composition in rapeseed.

Keywords: Brassica napus, seed storage proteins, 12S/2S balance, glucosinolates, genetic analyses
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P-508. Genetic architecture of seed quality in Brassicaceae seeds
Alain Lécureuil1, Erwan Corlouer2, Ophélie Guilbert2, Julien Navarro2, Philippe Guerche1,
Nathalie Nesi2, Sophie Jasinski1
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Population growth and rising living standards will lead to an increase in food consumption in oils and
vegetable proteins within the next two decades. The resources for vegetable oils will meet demands
for food, energy or chemical usages in the future. However, the supply in vegetable proteins will be
critical. The main oilseed crops are also sources of plant proteins and the resulting seed cake is used
for livestock feeding. The challenge for oilseed sector is to develop, alongside the high-valuable oil
product, the meal as a separate product with a high added value, and no longer as a sub/co-product
of oil extraction.
Oleoproteagineous seeds display a strong negative correlation between oil (O) and protein (Pr)
contents. While metabolic pathways involved in O or Pr accumulation are well described, information
about the mechanisms that control O/Pr homeostasis in the seed is rather scarce. A major challenge
is to understand the genetic and molecular basis of the O/Pr balance in order to fine tune the
accumulation of each component independently. To this purpose, genetic analyses were conducted
using large populations of Arabidopsis or rapeseed to map loci controlling the different seed quality
traits, including O and Pr contents, O/Pr ratio as well as the delta seed content (DSC, defines as the
orthogonal distance between individual plot and the O×P regression line). Using genetic and genomic
resources available in Arabidopsis, we succeeded in fine mapping of a QTL controlling O/Pr, leading
to the identification of a eight candidate genes that are under validation. In the meantime, collinear
loci were highlighted between the two Brassicaceae based on genome synteny that helped targeting
the best candidate genes. These results open the way to better understand the mechanisms
controlling the O and Pr partitioning in the Brassicaceae seeds and will help developping accurate
molecular markers for breeding in the future.

Keywords: Arabidopsis thaliana, Brassica napus, seed quality traits, genetic analyses, QTL, candidate
genes
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P-600. Multiparental mapping of quantitative blackleg resistance in elite
Brassica napus
Paul Vollrath, Lucas Geller, Rod Snowdon, Christian Obermeier
Department of Plant Breeding, Justus Liebig University, Giessen, Germany
Contact: paul.vollrath@agrar.uni-giessen.de
Blackleg is one of the major diseases of oilseed rape (Brassica napus) and breeding of resistant
varieties is the most effective method of control. In European winter oilseed rape, most R-gene
mediated, race-specific resistances have been overcome by pathogen evolution. We aim to identify
quantitative resistances in elite breeding materials that can be combined with R-genes to enhance
durability of the resistance. Three different populations are under investigation. Firstly, a
multiparental mapping population, comprising 355 lines from crosses among seven commercial
varieties carrying broad quantitative resistance, was created by German oilseed rape breeding
companies. In addition, a B. napus diversity panel of 257 accessions and a bi-parental DH population
of 247 lines are being investigated. The 859 accessions were all genotyped using the Illumina Brassica
60K SNP array. The diversity panel and the bi-parental population were phenotyped in 2017 in
naturally infected fields using two blackleg disease indices and qPCR, and numerous significant QTL
were identified. The multi-parental population is currently being screened for adult-plant resistance
in greenhouse tests and field trials across Germany. These results from multi-year field and
greenhouse studies from all three populations will be integrated to identify environmentally stable
QTL for implementation in breeding.

| 62

Session 6: Pathogen and insect resistance, biocontrol, crop protection

P-601. Genome structural variation associated with disease resistance in
Brassica napus
Iulian Gabur1, Régine Delourme2, Andreas von Tiedemann3, Sébastien Faure4, Christophe
Jestin5, Frank Breuer6, Susann Volkmann6, Emmanuelle Dyrszka7, Rod Snowdon1, Christian
Obermeier1
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Comparative analysis of structural organization and allelic diversity associated with resistance factors
to important fungal oilseed rape diseases was performed. Disease resistance screening of Blackleg
(Leptosphaeria maculans), Sclerotinia stem rot (Sclerotinia sclerotiorum) and Verticillium stem
striping (Verticillium longisporum) was done using a B. napus Nested Association Mapping (NAM)
panel in greenhouse and field experiments at different locations across Germany and France.
Genome-wide association analysis (GWAS) identified many significant marker trait associations
including a number of new regions for resistance to all three diseases. Overlapping quantitative trait
loci (QTL) for multiple disease resistance were also revealed. We investigated the localization of
resistance factors and their relationships with regard to polyploidy, duplications, homeologous and
nonhomeologuos translocations, or other structural rearrangements. Analyses of resistance factors
involved in this three diseases that are subjected to structural variation allows a better
understanding of the genetic basis of quantitative resistance in B. napus.
Keywords: Blackleg, Sclerotinia, Verticillium, Brassica napus, NAM
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P-602. Resistance to Leptosphaeria maculans in condiment mustards could be
challenged with the deployment of the Rlm6 resistance gene in oilseed rape
crops
Lydia Bousset, Magali Ermel, Régine Delourme
IGEPP, INRA, Agrocampus Ouest, Univ Rennes, Le Rheu, France
Contact: lydia.bousset-vaslin@inra.fr
Breeding varieties for increased disease resistance is a major means to control epidemics. However,
the deployment of resistance genes through space and time drives the genetic composition of the
pathogen population, with predictable changes in pathotype frequencies. In France, Leptosphaeria
maculans causes disease on B. napus oilseed rape crops but not on B. juncea condiment mustard.
Prior to the deployment of winter B. napus varieties with Rlm6 resistance gene introduced from B.
juncea, the aim of our study was to investigate if this deployment could impact disease control in
condiment mustard. We assessed the presence of resistance genes against phoma stem canker in a
set including current French B. juncea varieties and breeding lines. Rlm6 was detected in all the 12
condiment mustard varieties. Rlm5 was also detected in 8 varieties. No additional resistance genes
were detected with the set of isolates used. Because frequency of isolates virulent on Rlm6 is very
low, these results indicate that Rlm6 gene is a major component of disease control in the French B.
juncea mustards tested. Using Rlm6 in oilseed rape varieties will very likely induce an increase in
frequency of Rlm6 virulent isolates. This raises the acute concern of a wise deployment of Rlm6
oilseed rape around the condiment mustard growing area. Scientific knowledge on adaptation
dynamics, spatial segregation of crops and cooperation between actors is currently available in order
to mitigate the risk and advert negative consequences of the introduction of Rlm6 resistance gene in
oilseed rape varieties.
Keywords: Epidemiology, Brassica napus, Brassica juncea, virulence, major gene resistance,
durability
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P-603. Genetic mapping and identification of a candidate gene BrRLP48
conferring resistance to downy mildew in Brassica rapa
Shuancang Yu, Bin Zhang, Pan Li, Tongbing Su, Peirong Li, Weihong Wang, Yangjun Yu,
Deshuang Zhang, Xiuyun Zhao, Fenglan Zhang
Beijing Vegetable Research Center (BVRC), Beijing Academy of Agricultural and Forestry Sciences
(BAAFS), Beijing 100097, China
Contact: yushuancang@nercv.org
Brassica rapa, a group of subspecies in the Cruciferae, has a great economic value relying on
composed of a variety of vegetables including Chinese cabbage, pakchoi and turnip. Downy mildew
disease caused by Hyaloperonospora Brassicaae ruined leaves in all developmental stages under
warm and high humidity condition in spring and autumn, resulting in significant loss in the yield and
quality of Brassica rapa. However, few resistant genes for downy mildew have been identified in this
vegetable crop till now. Based on a doubled haploid (DH) population derived from a cross between
the Chinese cabbage line BY (Brassica rapa L. ssp. pekinensis) and a European turnip line MM
(Brassica rapa L. ssp. rapifera), we initially located a locus Br-DM04 for downy mildew-resistant on
chromosome A04 explained up to 22.3% of the phenotypic variance. Using a F2 mapping population
(692 individuals) we further mapped Br-DM04 within a 350 kb region, containing 33 encoding genes.
Based on the annotations for the genes in this region, BrRLP48, encodes a receptor-like protein
containing seven LRR motifs in extracellular domain, was identified as the most likely candidate for
the Br-DM04. Furthermore, we found the expression of BrRLP48 was significantly induced after
inoculated with downy mildew. Sequence alignment analysis showed that two JA and one SA
responsive transcript elements were found in BrRLP48 from resistant line instead of susceptible line,
which should be the reason why BrRLP48 was induced after pathogens invasion. The identification of
this candidate gene BrRLP48 will contribute to our understanding of the mechanisms of resistance
and lay the foundation for marker-assisted selection to improve downy mildew resistance in Brassica
rapa.
Keywords: Brassica rapa, downy mildew, QTL mapping, candidate gene
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P-604. A repertoire of the genomic regions involved in quantitative resistance
to blackleg in winter oilseed rape was established from combined linkagebased QTL and genome wide association mapping
Vinod Kumar, Sophie Paillard, Berline Fopa-Fomeju, Cyril Falentin, Gwenaëlle Deniot, Cécile
Baron, Patrick Vallée, Maria J. Manzanares-Dauleux, Régine Delourme
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Linkage-based mapping of quantitative trait loci (QTL) and genome wide association studies (GWAS)
are complementary approaches for deciphering the genomic architecture of complex agronomical
traits. In oilseed rape (Brassica napus L.), quantitative resistance to blackleg disease, caused by
Leptosphaeria maculans, is highly polygenic and is greatly influenced by the environment. In this
study, we took advantage of multi-year data available on three segregating populations derived from
the resistant cv Darmor [1, 2, 3,4] and multi-year data available on oilseed rape panels [5, 6,7; this
study] to obtain a wide overview of the genomic regions involved in quantitative resistance to this
pathogen in winter oilseed rape. Sixteen QTL regions were common to at least two biparental
populations, of which nine were the same as previously detected regions in a multi-parental design
derived from different resistant parents [8]. Eight regions were significantly associated with
quantitative resistance, of which five on A06, A08, A09, C01 and C04 were located within QTL
support intervals. Homoeologous B. napus genes were found in eight homoeologous QTL regions,
which corresponded to 657 pairs of homoeologous genes. Potential candidate genes underlying this
quantitative resistance were identified. Genomic predictions and breeding are also discussed, taking
into account the highly polygenic nature of this resistance.
Keywords: QTL, GWAS, Leptosphaeria maculans, Brassica napus, Disease resistance
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P-605. Mapping of Clubroot Resistance Locus on Chromosome A05 in B. rapa L.
Sokrat G. Monakhos, Li M. Nguen, Roman A. Komakhin, and Grigory F. Monakhos
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Clubroot disease, which is caused by Plasmodiophora brassicae Wor., a soil-borne microorganism, is
one of the most severe diseases of Brassica crops. In the European part of Russia, clubroot often
occurs in the area from Arkhangelsk oblast to Transcaucasia. It is also frequently observed in Siberia
and the Far East of Russia. Pyramiding of two and more dominant resistance loci is an efficient
method in breeding for clubroot resistance. Several clubroot resistance loci were earlier identified on
five linkage groups 1, 2, 3, 6, and 8 of Brassica rapa by different research groups. In our previous
studies, we found a dominant monogenic resistance locus introgressed from European fodder turnip
(ECD04) into an inbred line 20-2cc1 of Chinese cabbage. In this study, a SCAR marker tau_cBrCR404
tightly linked to clubroot resistance locus (2.9 cM) was identified by a bulked segregant analysis (BSA)
of a backcross population (BC1). The position of this clubroot resistance locus, named CrrA5, was
determined on the linkage group 5 of B. rapa genome using genetic mapping and based on
significant similarity (83.3%) of the tau_cBrCR404 nucleotide sequence with the A05 locus
(AENI01003844.1) of the Chinese cabbage Chiifu-401-42 line. The tau_cBrCR404 SCAR marker was
shown to be effective for identification of the clubroot resistant genotypes in Chinese cabbage
inbred lines and F1 hybrids collection, as well as in marker assisted backcrossing during CrrA5 locus
introgression from B. rapa into B. oleracea.
Keywords: clubroot, P. brassicae Wor., resistance locus, linkage map, molecular marker, linkage
group, SCAR, Chinese cabbage, B. rapa L.
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P-606. Transcriptional analysis of the response of Sclerotinia sclerotiorum
after exposure to aliphatic and indolic isothiocyanates (ITCs)
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White mold caused by fungus Sclerotinia sclerotiorum (Ss) is a major disease of Brassica crops. Antimicrobial secondary metabolites represent an important component of plant defense. Glucosinolates
and their main break down product isothiocyanates (ITCs), present in Brassicaceae plants, show
inhibitory effect on growth and development of Ss. Mechanism trough ITCs exert their toxicity and
the way fungus can overcome it are not completely understood. This study aimed to identify
molecular mechanism underlying response of Ss after exposure to ITCs through next generation
sequencing. Fungi in vegetative growth stage were treated with two classes of ITCs: the aliphatic allyl
ITC and the indolic indol-3-carbinol. Transcriptomic analysis of both treatments and controls was
carried out by MACE. The transcriptomic analysis revealed that the expression of 2012 genes (1156
up and 1056 down regulated) was altered by allyl-ITC and 654 genes (149 up and 505 down
regulated) by indol-3-carbinol. Gene ontology analysis showed that categories related to
detoxification of reactive oxygen species (ROS) and protection against oxidative damage were up
regulated, confirming that toxicity of ITCs is mainly conducted through oxidative stress. Oxidative
stress alleviation against long exposure to ITCs in Ss was in part driven from amino acid homeostasis.
In the fungus treated with allyl ITC, genes related to production of proline are up regulated, whereas
in fungus treated with indol-3 carbinol, the production of serine is being induced. Proline can
stabilize proteins and membranes, besides having osmo-protective and termo-tolerant properties
and can act as a ROS quencher. Serine has a role in oxidative stress mitigation via supporting
methionine cycle and glutathione pathway, involved in detoxification of ROS. Results provide new
insights into the stress biology of fungus and revealed two distinct proﬁles of response to oxidative
stress caused by ITCs on Ss.
Keywords: fungal pathogen; isothiocyanates (ITCs); ROS; plant-pathogen interaction
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P-607. Exploiting Genome Wide Diversity for disease resistance improvement
in oilseed rape
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The development of integrated pest management will more and more rely upon the use of effective
and durable host resistances to pathogens through the design of new multi-resistant varieties. Due
to the lack of genetic variability within oilseed rape for resistance to some diseases, there is a need
for a wider exploitation of Brassica diversity for the identification of new resistance alleles and for a
better integration of researches on genetics of disease resistance in Brassica species. GeWiDis
project was set up to perform a comparative analysis of the structural organization and allelic
diversity of resistance factors to four important diseases of oilseed rape (Blackleg, Clubroot,
Sclerotinia and Verticillium). Diverse sets of materials were used including panels of B. napus and B.
oleracea as well as semi-synthetic materials derived from B. oleracea x B. napus crosses and lines
derived from natural x synthetic B. napus crosses. With wide phenotyping and genotyping data, we
investigated the localization of resistance factors involved in the control of the four diseases and
their relationships (common/specific regions, positive/negative correlations). We showed that taking
into account the presence absence variations (PAVs) detected from genome sequencing and SNP
genotyping data improved the identification of quantitative resistance factors to these diseases
(Gabur et al. this meeting). This study contributed to the identification resistance alleles in the
Brassica resources and associated markers in key genomic regions for resistance.
Keywords: GWAS, Leptosphaeria maculans, Plasmodiophora brassicae, Sclerotinia sclerotiorum,
Verticillium longisporum, Brassica napus, Disease resistance
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P-608. Combined linkage and association mapping reveals Br-Vd, a major QTL
resistance to Verticillium Wilt in Chinese cabbage
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Chinese cabbage (Brassica rapa L. ssp. pekinensis) is one of the largest cultivated vegetable crops in
China and east Asia. In recent years, Verticillium wilt has become one of the most important new soil
disease in Chinese cabbage production. The best solution is mining resistant gene and breeding
resistant varieties. In this study, 341 core germplasms of Chinese cabbage were inoculated by
Verticillium wilt at seedling stage. Phenotypic data based on Q-PCR and resequencing data of the
core germplasms were analyzed by genome-wide association studies (GWAS), a hotspot interval
(A05: 20784387bp-24633055bp) significantly associating with Verticillium wilt resistance, was
obtained from chromosome A05. Moreover, a total of 88 materials resistance to Verticillium wilt
were screened in 254 inbred lines by Q-PCR at seedling stage. A pair of resistant and susceptible
parent of which were selected to construct F2 genetic populations, a high-density genetic map
containing 10 linkage groups and 1186 SNP markers was constructed by a streamlined restriction
site–associated DNA (2b-RAD) sequencing with 143 individual plants of the F2 population. Combined
with phenotypic data, a major quantitative trait locus (QTL) Br-Vd resistant to Verticillium wilt was
located in the region of 21968243 bp-25217244 bp on chromosome A05, which was a part of hotspot
interval by GWAS. Finally, the major QTL Br-Vd was co-located in an interval of 2.66Mb (21968243
bp-24633055 bp) by the GWAS and QTL mapping. This study laids the foundation for cloning the
resistant gene, and help to elucidate the molecular mechanism for Verticillium wilt resistance in
Chinese cabbage.
Keywords: Chinese cabbage, Verticillium wilt, QTL mapping, GWAS
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P-609. An integrative approach to decipher mechanisms underlying
quantitative resistance to blackleg in oilseed rape
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Quantitative resistance controlled by multiple genetic factors with low or moderate effect appears to
be significantly more durable than major resistance genes or has been shown to increase the
potential for durability of major resistance genes [1]. Molecular mechanisms underlying quantitative
resistance are not widely known but appear to be quite diverse [2]. The interest of oilseed rape
quantitative resistance to control Leptosphaeria maculans epidemics and population adaptation has
been shown [3; 4]. The very polygenic nature of this resistance and the high level of duplications
within oilseed rape genome led to the hypothesis that some redundancies in the functions of the
genes underlying quantitative resistance might exist. As a complement to genetic analyses (Kumar et
al. this meeting), we combined different approaches to investigate the mechanisms underlying
quantitative resistance to blackleg in oilseed rape: pathogen quantification, histological studies, in
situ metabolomics and RNA sequencing. These approaches are applied for the comparison of
susceptible and resistant genotypes that were mock-inoculated or inoculated with two isolates of L.
maculans in controlled conditions and that were harvested from blackleg field experiments. This
allowed studying the potential role of hormones and secondary metabolites pathways in oilseed rape
response to L. maculans infection and in quantitative resistance.
Keywords: Leptosphaeria maculans, Brassica napus, Disease resistance
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P-610. Novel Approaches to Downy Mildew Resistance in Brassica oleracea
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Currently, losses due to plant diseases, animals and weeds account for pre-harvest and post-harvest
yield losses between 20-40% of world agricultural production every year. Genetic disease resistance
offers the most cost-effective way for disease control in plants but needs to be made more durable.
Increasing evidence supports the idea that pathogen-associated molecular pattern (PAMP)-triggered
immunity (PTI) contributes to quantitative disease resistance (QDR) [1]. If so, PTI-response variation
can be used to identify QDR sources that could be combined with major R-genes to make resistance
more effective and durable [2].
This research aims to understand more about the mechanisms of disease resistance for effective use
in. The project focuses on the A12DHdxGDDH33 Brassica oleracea DH mapping population and
involves quantification of reactive oxygen species (ROS) triggered by PAMPs, and resistance to downy
mildew (DM-Hyaloperonospora brassicae). For comparison, we also screened for resistance to
Botrytis cinerea.
A luminol-based assay was performed on leaf tissues from the A12 DHdxGDDH33 population treated
with flg22 (flagellin subunit) and Elf18 (bacterial elongation factor Tu) peptides to measure PAMPinduced Reactive Oxygen Species (ROS) [3]. ROS response was dependent on the PAMP
concentration and highly correlated between flg22 and elf18. There was also variation in resistance
to H. brassicae and B. cinerea. There was a significant negative correlation between lesion size
caused by B. cinerea and ROS production elicited by flg22 and elf18; the higher flg22 dose showed
the stronger correlation (r=−0.49, P<0.001).
The variability observed in the population for all four defence traits could potentially be used to
identify novel defence genes and sources of QDR to improve durable resistance in B. oleracea.
Keywords: PTI, PAMP-triggered immunity, ROS, Brassica oleracea, disease resistance, A12xGD,
correlation, Quantitative Disease Resistance
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P-611. Genome-Wide Identification of TIR-NBS-LRR Genes Related with
Fusarium oxysporum f.sp.conglutinans in Cabbage
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Plant disease resistance (R) genes with the nucleotide-binding site (NBS) play an important role in
offering resistance to pathogens. Nucleotide-binding site and leucine-rich repeat (NBS-LRR) genes
represent the largest and most important R genes in plants. The genome sequence of the cabbage
(Brassica oleracea L.) provides valuable data to identify and characterize the genomic organization of
NBS-LRR genes. Finally, 154 NBS-LRR type genes located on 9 cabbage chromosomes were identified
from genome sequences database using automated and manual analysis criteria. Furthermore, 95
NBS-LRR genes were classified into Toll/interleukin-1 receptor (TIR)-NBS-LRR (TNL) types, and 31
NBS-LRR genes were classified into coiled-coil (CC)-NBS-LRR (CNL) types. Further research indicates
that 54.7% of the 95 NBS-LRR genes exist in 17 gene clusters. Conserved motifs and phylogenetic
analysis shows the TNL-type genes could be classified into five major groups. Tissue-expression
profiling of 63 TNL genes revealed 55.6% genes highly or specifically expression in root than other
tissues, especially genes on chromosome 7 (84.6%). Expression profile of 66 TNL genes analysis
shows the expression patterns challenged by Fusarium oxysporum f.sp.conglutinans: 10 genes were
up-regulated, and 7 genes down-regulated. These results indicated that 95 TNL genes may be
involved in resistance to biotic stress in cabbage.
Keywords: TIR-NBS-LRR, Fusarium oxysporum f.sp.conglutinans, Cabbage
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Leptosphaeria maculans is responsible for stem canker disease of oilseed rape. After primary
infection of leaves and cotyledons, L. maculans develops an asymptomatic endophytic stage in the
stem. This infection stage lasts several months before necrosis develops at the stem base. While
numerous effector genes are known to be expressed during the primary infection, little was known
on the stem colonization, which was hypothesized here to also largely rely on production of fungal
effectors interfering with plant defenses.
With a large-scale RNAseq approach, we identified 307 "late" effector candidates specifically
expressed during stem colonization and 107 "early" effector candidates specifically expressed during
cotyledon colonization. These two categories of effector genes also differed by their genomic
location (Gervais et al. 2016).
An analysis of five “late” effector candidates showed their involvement in the suppression of plant
cell death. These results allowed us to propose that systemic colonization of stems involves many
effectors suppressing plant cell death and the setup of plant defense responses. At the end of the
growing season, the decreased expression of these effectors would allow the fungus to switch from a
biotrophic to a necrotrophic stage.
The complexity of quantitative resistance to L. maculans in oilseed rape (see Kumar et al. poster) led
us to hypothesize that at least part of the quantitative resistance may be due to typical gene-forgene interactions occurring late during the plant colonization, when “late” effectors are expressed.
To validate the hypothesis, we created fungal isolates over-expressing a few “late” effectors during
cotyledon colonization and used these transformed isolates to screen a collection of 250 genotypes
with a standard cotyledon inoculation test. One such new resistance source was thus identified and
genetically mapped, defining a genomic interval in B. napus that contains a series of candidate genes.
Keywords: phytopathology, resistance, fungus, Brassica napus, transcriptomics
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P-613. Understanding major gene-mediated resistance in Brassica napus
(oilseed rape) against the apoplastic fungal pathogen, Pyrenopeziza brassicae
(light leaf spot)
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Light leaf spot disease, caused by the fungal pathogen, Pyrenopeziza Brassicae, is currently the most
damaging foliar disease on winter oilseed rape (Brassica napus) in the UK. Light leaf spot disease
management is often reliant on fungicide applications. However, there has been evidence for the
development of insensitivity to azole fungicides in UK P. brassicae populations. Deployment of
cultivar resistance remains an important aspect of effective management of the disease.
Nevertheless, the genetic basis of resistance remains poorly understood and no resistance genes
have been cloned. A major gene locus (PBR2) for resistance against P. brassicae has been mapped to
the bottom end of the B. napus chrA01 c. 3.0 cM away from the closest flanking marker. We have
identified the physical location of the closest flanking marker on B. napus chrA01 using synteny
alignment between B. napus and B. rapa chrA01. The interval between this locus and the telomere
corresponds to a c. 1.2Mbp region in chrA01. Single nucleotide polymorphism (SNP) markers on the
corresponding genomic region have been obtained and c. 400 candidate SNPs specific to chrA01 have
been identified. Further analysis of this region was done through fine mapping of selected SNPs using
KASP marker analysis. As a result, three additional markers linked to the resistance locus were
identified, which narrowed down the corresponding chromosomal region to c. 300Kbp. It is expected
that this fine mapping will provide tightly linked markers for marker-assisted selection and assist in
the isolation, sequencing and functional identification of the resistance gene.
Keywords: disease resistance, oilseed rape, Pyrenopeziza brassicae
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canker and light leaf spot pathogens in a Brassica napus diversity panel
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Fungal diseases decrease the yield of the economically important crop oilseed rape (Brassica napus).
Two of the most important diseases in the UK are phoma stem canker caused by Leptosphaeria
maculans together with L. biglobosa and light leaf spot caused by Pyrenopeziza brassicae. There is a
need to identify broad-spectrum resistance against these pathogens to achieve effective, long-term
control of oilseed rape diseases. Genome-wide association studies (GWAS) have been used to
identify genes involved in specific traits [1, 2]. Recently both qualitative and quantitative resistance
loci against L. maculans were detected, following analysis on diverse B. napus lines [3].
We used a B. napus diversity set extended from an existing Diversity Fixed Foundation Set, from the
Oilseed Rape Genetic Improvement Network (OREGIN), which includes different crop types (winter
and spring oilseed rape, swede, forage kale and tender greens). Development of phoma stem canker
and light leaf spot diseases (leaf and stem stage) was assessed on up to 192 B. napus lines in field
experiments in the 2015/16 and 2016/17 cropping seasons. Associative transcriptomics [4] was used
to identify novel sources of resistance against Pyrenopeziza brassicae and Leptosphaeria maculans/L.
biglobosa. Association of disease data in the diverse B. napus lines to single-nucleotide
polymorphisms and gene expression markers is a useful tool to identify markers linked to host
resistance against important pathogens.
This work contributes to the ERA-CAPS project “Mechanistic Analysis of Quantitative Disease
Resistance in Brassicas by Associative Transcriptomics (MAQBAT)”. The project includes research
groups working on host responses, metabolite analysis and the most important diseases of oilseed
rape. The aim of MAQBAT is to identify and characterise resistance gene loci to achieve durable
control of several pathogens of oilseed rape.
Keywords: oilseed rape, Brassica napus, phoma stem canker, light leaf spot, genome-wide
association studies
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P-615. Characterisation of temperature-sensitivity of Brassica napus
resistance against Leptosphaeria maculans
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Each year losses in UK oilseed rape (B. napus) production due to phoma stem canker, caused by the
fungal pathogen L. maculans, cost c. £80 million. Cultivars with quantitative and/or qualitative
resistance are used to control this disease. Qualitative resistance is controlled by single, major
resistance (R) genes which are often temperature-sensitive. Differences in pathogen-related gene
expression of B. napus plants with temperature-resilient and sensitive R genes are being assessed. A
temperature-sensitive gene SNC1 and its temperature-resilient paralog FocBr1 are being investigated
for their roles in temperature-sensitivity. AtSNC1 acts as a temperature-sensitive component of plant
defence responses. The snc1-1 Arabidopsis thaliana mutant confers a temperature-resilient immune
response and a dwarf phenotype [1, 2]. FocBr1 confers resistance against Fusarium in B. rapa. The B.
oleracea ortholog, FocBr1, operates above 25oC [3].
Resistance phenotypes of isogenic B. napus lines with different R genes (LepR3, Rlm2, Rlm4 or Rlm7)
were analysed using cotyledon assays at 20oC and 25oC to identify temperature-resilient or sensitive
R genes. Differences in sensitivity of Rlm7 and Rlm4 were observed. These phenotypic differences
will be exploited for qPCR and RNAseq analysis.
TILLING mutations in the two closely related FocBr1 and BrSNC1 genes in the B. rapa line R-o-18 were
obtained from RevGenUK. A homozygous TILLING line with a mutation in the P-loop region of FocBr1
displays a dwarf phenotype. This mutant will be assessed for temperature-sensitivity of its defence
response against L. maculans and backcrossed to R-o-18 to purify the genetic background. KASP
marker analysis is being conducted to confirm mutant genotypes. Gene expression differences will
also be determined in homozygous BrSNC1 and FocBr1 mutants to determine molecular mechanisms
of action.
Keywords: Brassica napus, gene expression, Leptosphaeria maculans, temperature-sensitivity,
resistance genes, TILLING mutants
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P-616. Microsatellite / SCAR markers based genetic analysis of winter
rapeseed (Brassica napus L.) lines varying in resistance to Plasmodiophora
brassicae Wor. infection
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Field infestation with Plasmodiophora brassicae Wor., causing clubroot disease of Brassicas, has
become the causal agent of severe field damages. Until now, the breeding of resistant cultivars has
been the only effective way of disease prevention. At the Plant Breeding Strzelce Ltd., Co. – IHAR
Group, Division in Borowo, new clubroot resistant winter rapeseed mapping population was
developed. It was obtained as a result of crossing of a cultivar tolerant to clubroot infection with a
canola-type clubroot susceptible winter rapeseed breeding line. The scientific goal of the research
project NCN Harmonia 2016/22/M/NZ9/00604 is to characterize the genetic basis of resistance to P.
Brassicae infection in the developed mapping population by integration of traditional genetic
approaches with the high-throughput next-generation (NG) technologies. In this study, parental lines
of the mapping population were characterized using 140 SSR/SCAR markers, with respect to
simultaneously genotyped forty four rapeseed breeding lines and cultivars including three other
genotypes tolerant to clubroot infection.
Genomic DNA was extracted using CTAB. Genotyping was done with specific primer pairs for 74 ‘onelocus’ SSRs, 30 SSRs associated with clubroot tolerance/ susceptibility, 7 SSRs – with glucosinolate
content and 29 SCAR markers specific for clubroot tolerance. PCR amplification products were
analyzed on agarose gel (SCAR) or using ABI PRISM 3130XL capillary electrophoresis (SSR). Jaccard
index based similarities were assessed among the analyzed genotypes and the results were set out as
dendrograms.
As a result, markers characteristic for parental lines were identified. Moreover, genetic similarities
were assessed and markers specific for tolerant genotypes and their clades were determined.
The analyses will be continued and the identified markers will be used for analysis of the mapping
population to design markers specific for tolerant genotypes.
Keywords: Winter rapeseed (Brassica napus L.), resistance to Plasmodiophora brassicae Wor.,
microsatellite (SSR) / SCAR markers, genetic similarity
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P-617. Genetic Analysis of Immune Responses in Brassica Species
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With imminent changes in agrochemical legislation and an increasingly unpredictable climate, crop
disease resistance needs to be considered in a wider context than before. Utilising multiple genomic
resources available to the research and breeding community, we have developed a novel approach
to improve disease resistance in Brassicas. Our research addresses the challenges facing agriculture
whilst providing new insight into the nature and regulation of defence gene function.
The plant immune system influences resistance to multiple microorganisms and is modulated by
environmental conditions. The recognition of pathogen-, or microbe-, associated molecular patterns
(PAMPs/MAMPs) by receptors and co-receptors in plant cells results in the activation of defence and
PAMP-triggered immunity (PTI). Increasing evidence indicates that PTI contributes to quantitative
disease resistance (QDR) [1]. Using methods we developed in B. oleracea and B. napus [2], we
investigated whether PTI is active in Brassica crops and how variation in PTI-responses can be
exploited for resistance breeding. We have determined Brassicas show multiple responses, including
the production of reactive oxygen species (ROS) and gene-induction, to PAMPs such as flg22 and
chitin, ultimately leading to induced resistance. The intensity and speed of responses varies between
species and varieties. We found 100-fold differences in the ROS-responses within a diverse set of 192
B. napus lines, which we are using for Associative Transcriptomics (AT; [3]) to identify causative gene
loci.
This PTI-work contributes to a multi-partner study on Mechanistic Analysis of Quantitative disease
resistance in Brassicas by Associative Transcriptomics (MAQBAT), co-ordinated by the John Innes
Centre. The aims of MAQBAT are to apply new knowledge and techniques in PTI and improve
deployment of QDR to achieve more durable control of the most important pathogens of Brassicas.
Keywords: PTI, PAMP-triggered immunity, Quantitative Disease Resistance, Associative
Transcriptomics, GWAS, Brassica napus, diversity panel, Genome Wide Association Studies (GWAS).
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P-618. Study of white mustard (Sinapis alba) resistance mechanisms against
the pollen beetle (Brassicogethes aeneus)
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Insects are one of the main threats to crops and their control remains a priority in agriculture.
Insecticides are mostly used but because of increasing insect resistances and new regulatory
legislations, alternative strategies such as crop resistance are needed. The pollen beetle
(Brassicogethes aeneus syn. Meligethes aeneus) feeds on a large variety of plants but females
oviposit only on plants of the Brassicaceae family. Adults can damage oilseed rape (Brassica napus)
plants by feeding on flower buds, causing up to 80 % yield losses [1]. Breeding oilseed rape for
resistance to the pollen beetle could be a promising strategy in a context of a spread of resistances to
pyrethroids [2, 3] and nicotinoid withdrawal in 2018. However, strong resistances are not likely to be
present in oilseed rape, while studies have shown that the white mustard Sinapis alba could carry
such resistances (reviewed in [4]). A first step for this strategy is to find different resistant S. alba
accessions. If variation in resistance is observed among accessions, it would allow studying resistance
mechanisms in this species. This is the aim of this study. Plants were grown in controlled conditions
and used at the ‘green bud stage’ which is the most susceptible to pollen beetles. Field-collected,
starved insects were used in experiments on whole plant inflorescences and on single buds, in nochoice and choice situations. As expected, feeding damage was lower on S. alba accessions
compared to a control B. napus accession. Differences among S. alba accessions is also expected. The
next step of the study will be to examine the pollen beetle behavior on B. napus as well as on
resistant and susceptible S. alba accessions to understand when the resistance takes place.
Keywords: Sinapis alba, Brassicogethes aeneus, feeding damage, oilseed crop, host plant resistance
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P-619. The role of Leptosphaeria maculans effectors in suppressing Brassica
napus immune responses
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Phoma stem canker of Brassica napus caused by the apoplastic fungus Leptosphaeria maculans is
responsible for about £100M loss in UK during every cropping season. The cheapest and most
efficient method to control this disease is to deploy the resistant (R) genes. However, the fungal
effector (AvrLm) genes can manipulate the R genes directly or indirectly to aid the progression of the
disease. Therefore, it is necessary to understand the interaction between the R and AvrLm genes to
design a better control strategy for the phoma stem canker. The main aim of this project was to
study the effect of AvrLm genes on B napus immune responses.
The experiments were conducted by using cultivars Topas Rlm4 and Excel containing Rlm7.
Furthermore, Topas DH which lacks any R gene was used as a control. L. maculans strains V23.11.9
(AvrLm 1,5,6,7,8) and V23.2.1 (AvrLm4,5,6,7,8) were used to determine the effect of AvrLm genes on
the B. napus defence responses.
Genotypic and phenotypical analyses were performed on cotyledons infiltrated with fungal conidial
suspension (105 ml-1). Disease incidence and severity were studied by examining the frequency and
the size of the lesions. The PR1 defence gene expression was analyzed in cultivars containing Rlm4,
Rlm7 genes and Topas DH which do not possess any R gene.
During phenotypical analysis, the compatible interactions (Topas Rlm4 infected with V23.11.9 and
Topas DH against V23.11.9 and V23.2.1) exhibited large necrotic lesions. However, the incompatible
interactions (Topas Rlm4 against V23.2.1 and excel against both L. maculans strains) appeared
distinct in comparison to the susceptible interactions.
Gene expression studies showed a suppression in PR1 induction in both Topas Rlm4 and Excel (Rlm7)
when infected with V23.11.9 which contain AvrLm1. This was in line with the expression of PR1
during compatible interactions. In addition, the mock and un-treated samples exhibited no or
extremely low level of PR1. However, during incompatible interactions the PR1 induction was higher.
Even though the Rlm7 mediated resistance was exhibited, presence of AvrLm1 gene can suppress the
recognition of AvrLm7 by Rlm7. Since the most popular R gene we use in UK is Rlm7, this indicates a
real threat to the Rlm7 mediated resistance. This may result in a complete resistance breakdown and
a great impact on our economy. Therefore, further study needs to be done to understand this
suppressing effect better to control the phoma stem canker efficiently.
Keywords: effector, immune suppression
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P-620. A new class of plant virus resistance gene, eukaryotic translation
initiation factor 2B-beta (eIF2Bβ), and its natural variation in Brassica
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Turnip mosaic virus (TuMV) is a member of the Potyvirus genus and has a very broad host range of
plant species, including not only many species in the Brassicaceae, but also legumes, ornamentals
and weed plants. Recessive resistances to plant viruses in the Potyvirus genus have been found to be
based on mutations in the plant eukaryotic translation initiation factors. Here we report that natural,
monogenic recessive resistance to the potyvirus Turnip mosaic virus (TuMV) has been found in a
number of mustard (Brassica juncea) accessions, which indicated the resistance is controlled by a
single recessive gene, recessive TuMV resistance 03 (retr03), an allele of the eukaryotic translation
initiation factor 2B-beta (eIF2Bβ). Silencing of eIF2Bβ in a TuMV-susceptible mustard plant line and
expression of eIF2Bβ from a TuMV-susceptible line in a TuMV-resistant mustard plant line confirmed
the new resistance mechanism. Further genotyping indicated that a single non-synonymous
substitution (A120G) in the N-terminal region of eIF2Bβ was responsible for the TuMV resistance.
Allopolyploid Brassica juncea, an important part of the U’s triangle model of Brassica comprising
vegetable, oilseed and condiment crops, was formed by hybridization between the diploid ancestors
of B. rapa and B. nigra, followed by spontaneous chromosome doubling. We found that Root-type
varieties diversified at an earlier stage before the advent of oilseed and other vegetable mustard
crops, implying that China was the primary center of origin and diversity. A functional copy of a
specific allele of eIF2Bβ is required for efficient TuMV infection. More TuMV-resistant germplasms
are identified from the earlier diversified Root-type varieties of B. juncea. We trace back to the TuMV
resistance in Brassicaceae, in which we deduce that allopolyploid B. juncea employs the new TuMVtargeting, eIF2Bβ, to achieve TuMV resistance. Our findings provide a new target for seeking natural
resistance to potyviruses and new opportunities for the control of potyviruses using genome editing
techniques targeted on eIF2Bβ.
Keywords: Turnip mosaic virus, eukaryotic translation initiation factor 2B-beta (eIF2Bβ), natural
variation
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P-621. Metabolite-Based Genome-Wide Association Study to Identify
Resistance-Related Genes Against Sclerotinia Sclerotiorum in Brassica napus
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Brassica napus is a worldwide important oil crop. Sclerotinia stem rot (SSR) caused by the fungal
pathogen Sclerotinia sclerotiorum is one of the most devastating diseases worldwide and seriously
affects the yield and quality of rapeseed. The resistance to S. sclerotiorum in B. napus is a quantitative
trait and controlled by multiple quantitative trait loci (QTLs). But all the QTLs identified for S.
sclerotiorum resistance only explained a small portion of the phenotypic variation, and it is still
difficult to clone the candidate genes in these QTLs. Metabolome-based genome-wide association
study (mGWAS) has displayed supplementary advantage in identification of functional genes and in
understanding plant disease resistance-related metabolic pathways. Here, we collected 800
accessions of B. napus from all over the world and genotyped then by re-sequencing. The phenotype
data of resistance to SSR and the variations of metabolites from leaves inoculated with and without
the pathogen were collected and analyzed by GWAS and mGWAS, respectively. 25 common candidate
genes highlighted and mapped to defense metabolites pathway were identified, and the function of
them was verified by molecular biology experiments. These results reveal a picture of plant
metabolites and underlying genes related to disease SSR resistance, and will promote efﬁcient
utilization of metabolites in improvement of disease resistance breeding.
Keywords: Brassica napus, metabolite profiling, resistance to Sclerotinia sclerotiorum GWAS, mGWAS
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P-622. Infection of Brassica napus at the reproductive growth stage by
Leptosphaeria maculans (blackleg): a novel and serious threat in Australia
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Leptosphaeria maculans, the causal fungus of blackleg (phoma stem canker) is a serious threat to
Brassica napus (canola, rapeseed) production worldwide. L. maculans can infect all plant tissues but
the formation of cankers at the crown that result from leaf infection during vegetative growth, are
considered the primary symptom limiting grain yield [1]. Infection of all reproductive plant parts
post-stem elongation (peduncles, flowers, branches, upper stems and siliques) has become prevalent
across all canola-growing regions of Australia [2]. Upper canopy infection (UCI) is the collective term
to describe all symptoms. Experiments were undertaken to quantify the effect of UCI on grain yield
and identify control measures. Grain yield and blackleg symptoms were measured in pot and field
experiments conducted in 2016-17. Treatments included cultivars varying in genetic resistance and
phenology as well as fungicide applications. Multiple fungicide applications provided a benchmark to
determine yield loss associated with UCI. In both years, UCI reduced grain yield by up to 30% (0.651.0 t/ha), however, the plant parts and severity of infection varied between seasons. Disease severity
was reduced by spraying fungicides, sowing cultivars with major gene resistance and delaying the
onset of flowering outside the main winter period in which conditions are conducive for blackleg
infection. Although control measures were identified to minimise losses to UCI, the role of
environment and physiological mechanisms underlying symptom expression and yield loss remain
unclear. Altered crop management such as stubble retention [3] to increase water storage and earlier
flowering times to maximise grain yield [4] may have shifted infection windows leading to increased
prevalence of UCI. The apparently sudden appearance of UCI and resultant impact on canola
production highlights the need to consider the associated disease risks for changes in crop
management.
Keywords: Canola, rapeseed, flowering time, genetic resistance, upper canopy infection.
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P-623. Evolution of populations of Leptosphaeria maculans, a fungal
pathogen of oilseed rape, under resistance selection pressure: insights from
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Leptosphaeria maculans is responsible for the stem canker, a major disease of oilseed rape (Brassica
napus). Specific resistance genes are used in commercial varieties to control the disease. The
effectiveness of a given resistance gene is a function of the frequency of the corresponding avirulent
allele in field populations of the pathogen. After the release of the oilseed rape resistance gene Rlm1
in the 1990’s in France, a very rapid increase in the frequency of isolates virulent towards this gene
was observed [1]. More recently, a new resistance gene, Rlm7, was introduced into commercial
hybrid varieties, at a time when most (>99.5%) of the L. maculans isolates possessed the
corresponding avirulent allele AvrLm7 [2]. Since 2000, the frequency of isolates virulent against Rlm7
has been monitored in populations of L. maculans in either experimental fields with increased
selection pressure, or at a national scale in more standard agronomic situations. While a rapid
increase in frequency of virulent isolates was observed in an experimental field at Grignon that had
minimum tillage and continuous oilseed rape cropping (36% of isolates virulent after 3 years; [3]), the
breakdown of the Rlm7 gene appeared much less rapid than that observed previously for Rlm1 at the
national level in France (less than 20% of isolates virulent after 10 years of widespread use of Rlm7.
Among the possible reasons for this unexpected durability of Rlm7, the role of the negative
interaction between AvrLm7 and AvrLm3 [4] was explored here. A detailed knowledge of molecular
mechanisms responsible for virulence against the Rlm3 and Rlm7 was obtained and suggested
pyramiding of the two resistance genes could have a negative impact on Rlm7 durability while the
use of both resistance genes in different varieties could have slowed down the breakdown. These
population and molecular information are currently used in an epidemiological model to test and
confirm our hypotheses.
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P-624. Establishment of a LAMP Approach for Detection of Leptosphaeria
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In China，the occurrence and damage caused by Leptosphaeria biglobosa was showed extended
trend, in order to identity the disease caused by Leptosphaeria biglobosa in early，keep the spread
of the diseases under control and reduce the losses quickly and accurately，Loop-mediated
isothermal amplification（LAMP） assay targeting Leptosphaeria biglobosa was established，which
was specificity and sensitivity. We setting the ITS as target sequence，designed four special LAMP
primers and two loop primers，and we optimized the parameters of the reaction system by change
the each single-factor, the LAMP reaction system of Leptosphaeria biglobosa was established，
which including 6mM Mg2+,1mM dNTP, inner primers1.6uM, outer primers0.8uM, loop
primers0.4uM,amplified 45 min at 62℃. LAMP assay established in this study had advantages of high
sensitivity, specificity, efficiency and no need of complex instruments, A positive colour( sky blue)
was only observed in the presence of Leptosphaeria biglobosa by addition of hydroxynaphthol blue(
HNB) prior to amplification. The ITS-LAMP assay efficiently amplified the target element in less than
60 min at 62℃ and the reaction results could be directly observed by naked eyes. All the
characteristics of LAMP made it suitable to be widely used in field and grass-roots units.
Keywords: Oilseed rape, Leptosphaeria biglobosa; LAMP
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Black Rot caused by the bacterium Xanthomonas campestris pv. campestris (Xcc) is a devastating
disease on Brassica crops worldwide. Xcc colonizes its hosts through hydathodes that are organs
located at the leaf margin and offer to Xcc a direct natural infection route from the leaf surface
to the xylem vessels. We observed that cauliflower (Brassica oleracea var. botrytis) hydathode
epidermis had a reduced wax accumulation. Below hydathode pores, the epithem tissue is made
of small cells separated by large cavities and is directly connected to the xylem vessels. When
leaves were dip-inoculated in a suspension of a virulent Xcc strains expressing a GUS-GFP
reporter, many bacteria could be first observed near and in the hydathodes pore at 3 days postinoculation (DPI). At 6 DPI, GUS staining indicates that the epithem was already highly colonized
by the bacteria and microscopic analysis showed that parenchyma cell walls were degraded. At
16 DPI, GUS staining reached the leave mid vein and we observed typical V-shaped lesions and
necrotic responses. Altogether, these results highlight the importance of a neglected plant organ
for systemic infection by Xcc and raise the question of hydathode contribution to vascular
immunity.
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The study concerned the detection of clubroot (Plasmodiophora brassicae) in soil samples collected
in Poland in the autumn of 2016 and 2017, using three methods: 1) soil biotest [1]; 2) Loop-mediated
Isothermal DNA Amplification [2] and 3) quantitative Real-Time PCR [3]. Each sample was collected
at 25-30 places per ca. 50 ha field. The number of samples ranged from 107 in 2016 to 50 in 2017.
The samples collected in 2016 represented several regions of Poland whereas samples collected in
2017 were obtained in Varmia and Masuria region, located in north-east Poland. Clubroot (P.
brassicae) in soils in this region was significantly stronger as compared to the average soil infestation
in Poland. As many as 32% of fields were inappropriate for the cultivation of oilseed rape. In spite of
the cultivation of resistant cultivars 44% of the fields yielded less than 10% of seeds due to strong soil
infestation with P. brassicae. The results for whole Poland were 25% and 29% respectively.
Moreover, the dominating pathotype was P1A (60%) followed by P1B (40%). As it has been shown by
the biotest, the latter pathotype was able to break the resistance of cv. Mendel.
Keywords: clubroot, Plasmodiophora brassicae, biotest, LAMP, qPCR
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