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Summary of the project
Problem definition
Brassica oleracea is a species that includes many diverse economically
important crops with extreme phenotypes, like cabbages, kohlrabi,
cauliflower, broccoli and kales. In 2014 the first reference genomes
were published, of a white cabbage and a rapid cycling kale like plant,
which was recently followed by a broccoli genome. The availability of
these reference genomes, plus resequencing data generated in a
previously funded 1000 genome TKI project, illustrated that the
genomes of these morphotypes vary considerably. In addition, intercrossing morphotypes to transfer traits across crops is often
hampered by reduced recombination. Structural variations between
the genomes of these different crops could influence recombination
behaviour, but this could not be studied due to a lack of high quality
de novo reference genomes and appropriate segregating populations.

Project goals

Results
Planned
results
2019

Achieved
results
2019

The aim of this project is to generate de novo reference genomes
of five homozygous genotypes representing diverse morphotypes
(cabbage, cauliflower, kale, kohlrabi and broccoli) and analyse
structural variations (SVs) between these genomes. To reveal
whether these SVs affect both the rate and the positions of
recombination we will develop four-way crosses and assess
recombination in their progeny. We will also investigate whether
the relatively recent genome triplication in the common ancestor
of B. oleracea, B. rapa and B. nigra somehow facilitated these
phenomena.
To accomplish this, not only a variety of different sequence data
will be generated of selected genotypes representing
morphotypes, but also intermorphotypic ‘F1’s will be intercrossed
as parents to create four-way mapping populations. These
populations will be re-sequenced, allowing us to accurately anchor
sequence scaffolds genetically, and to directly study the effect
that structural differences between the genomes may have on
suppression of meiotic recombination in the intermorphotypic F1s.
Microscopic analyses of meioses in intermorphotypic F1’s will
provide additional evidence for the presence of structural
differences between genomes. Reference genomes will be
compared to the reconstructed non-triplicated common ancestor
of the Brassiceae, to date rearrangements and to verify if any of
the three B. oleracea subgenomes is more amenable to
rearrangements. The approach in which we combine de novo
sequencing, bioinformatics, genetics and cytological analyses is
novel, with a potentially large scientific impact as well as an
immediate practical impact on breeding strategies and thus crop
improvement

For 2019, the plan was to generate nanopore and bionano data and to integrate this
with Illumina and PacBio data to assemble the genomes of the five different
morphotypes.
In addition, we planned to generate RNA-seq data to support the genome annotation.
For material development, the plan was to inter-cross the different F1 plants to
generate so called four-way progeny, being progeny of crosses with 4 different
parental genomes. We aimed for five four-way crosses, with each cross having 4
different parents, plus their reciprocals and to sow these to collect leaflets for DNA
sequencing.
In addition, we intended to find a means to create around 1000 genome libraries for
resequencing of the four-way cross progenies for an affordable budget.
Material development:
The partners in this project, Bejo and ENZA, provided the five inbred lines of a
cabbage, cauliflower, broccoli, kale and kohlrabi. Bejo successfully generated 10 F1
progenies, and in spring 2019, these F1 plants are intercrossed to produce progeny
of four-way crosses. These seeds were available summer 2019. 8 of the 10 progenies
contained sufficient seeds, however crosses with one parent a broccoli x cauliflower
F1, failed. These will be redone spring 2020.
Progenies of all 8 four-way crosses (4 combinations, with each reciprocal) have been
sown by ENZA and seedling DNA was delivered January 2020. We contacted
Igenomix and decided to use their pooled library system to generate template for
resequencing the four-way cross progenies.
In 2019, all 5 morphotypes are grown in a greenhouse in Wageningen and different
tissues of plants grown under control - or stress conditions are harvested, RNA is
isolated and pooled for RNA-seq. Data were generated December 2019
Bioinformatic analyses (ChengCheng Cai):
Nanopore data (35-60x) have been generated of the five morphotypes and together
with PacBio and Illumina data this resulted in updated contigs. In addition, we
planned to generate Bionano data to link contigs and generate scaffolds. This service

was seriously delayed, and instead of getting the data august 2019, we received
these around December. The hybrid assemblies were of high quality for kale,
cabbage, broccoli and kohlrabi (see table 1 below) , however cauliflower data were
insufficient and need to be redone. We provided new plant materials and await the
results.
Table 1: Bionano hybrid scaffolding.

Planned
results
2020

In addition, repeat annotations were finished for the four morphotypes (~50% TEs
for each genome). The gene prediction is ongoing and RNA-seq data are being
analysed to support gene structure.The annotation results will be ready spring 2020.
For 2020 we anticipate to finalise the genome assemblies to obtain chromosome-level
reference genomes (decide whether we have sufficient omics data, including genetic
mapping data to anchor scaffolds, or we will still need to add HiC data) and genome
annotation.
Main challenge for 2020 is to reveal Structural Variations between our reference
genomes and to generate genetic maps and linking these to respective reference
genomes or generate a pan genome for this purpose. We plan to have developed
analysis tools in 2020 and make progress in the analyses (but anticipate that this
continues in 2021).

Deliverables/products in 2019 (provide the titles and /or a brief description of the
products/deliverables or a link to a website.
Scientific articles: PhD ChengCheng Cai wrote first draft of a paper describing genetic diversity
based on SBG data of 940 genomes (previous TKI project). This is relevant, as this increases
insight in relatedness of the morphotypes we work on in this TKI project, and the resequencing
data of that project will be included in this running project.
We aim to submit paper before summer 2020.
External reports:none
Articles in professional journals/magazines:none

(Poster) presentations at workshops, seminars, or symposia.
ChengCheng Cai attended the PAG meeting in San Diego January 2020. He presented the poster:
Genome assembly of five different B.oleracea morphotypes.
TV/ radio / social media / newspaper:
Remaining deliverables (techniques, devices, methods, etc.):none

