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ABSTRACT 
The biosynthesis of cardiac glycosides, toxic metabolites that inhibit essential Na+/K+-ATPases 
in animal cells, evolved independently in at least a dozen plant families. At low doses, plant-
derived cardiac glycosides have been used for centuries as a treatment for congestive heart 
failure. More recent research indicates potential applications in treating cancer and other human 
diseases. We established Erysimum cheiranthoides (wormseed wallflower) as a model system for 
investigating the previously unknown biosynthesis pathway for cardiac glycosides. After 
sequencing the genome of an inbred E. cheiranthoides lineage, we used genetic mapping, 
phylogenetic comparisons, and co-expression analysis to discover genes involved in cardiac 
glycoside biosynthesis. The in vivo functions of E. cheiranthoides genes were confirmed by 
making stable transgenic knockouts using CRISPR/Cas9 mutagenesis and quantifying the 
resulting changes in the cardiac glycoside profile by HPLC-MS. Insect bioassays with E. 
cheiranthoides mutants, both in the laboratory and in the field, determined the defensive 
properties of different cardiac glycoside profiles. 
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