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Clubroot is one of the most important diseases for many important
cruciferous vegetables and oilseed crops worldwide. Different clubroot
resistance (CR) loci have been identified from only limited species in Brassica,
making it difficult to compare and utilize these loci. European fodder turnip
ECDO04 is considered as one of the most valuable resources for CR breeding. To
explore the genetic and evolutionary basis of CR in ECD04, we sequenced the
genome of ECD04 using de novo assembly and identified 978 candidate R
genes. Subsequently, the 28 published CR loci were physically mapped to 15
loci in the ECD04 genome, including 62 candidate CR genes. Among them, two
CR genes, CRA3.7.1 and CRA8.2.4, were functionally validated. Phylogenetic
analysis revealed that CRA3.7.1 and CRA8.2.4 originated from a common
ancestor before the whole genome triplication (WGT) event. In clubroot
susceptible Brassica species, CR-gene homologs were affected by transposable
element (TE) insertion, resulting in the loss of CR function. It can be concluded
that the current functional CR genes in Brassica rapa and non-functional CR
genes in other Brassica species were derived from a common ancestral gene
before WGT. Finally, a hypothesis for CR gene evolution is proposed for further
discussion.
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