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EXAMPLE ABSTRACT

De-regulation of tyrosine biosynthesis underlies evolutionary expansion of diverse plant natural products 
 
Samuel Lopez-Nieves1, Ya Yang1,4, Alfonso Timoneda3, Minmin Wang1, Tao Feng3, Stephen A. Smith2, Samuel F. Brockington3, and Hiroshi A. Maeda1 
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2Department of Ecology & Evolutionary Biology, University of Michigan, Ann Arbor, Michigan, USA. 
3Department of Plant Sciences, University of Cambridge, Cambridge UK. 
4Current address: Department of Plant and Microbial Biology, University of Minnesota–Twin Cities, St. Paul, Minnesota, USA

Plants synthesize numerous natural products, which play crucial roles in plant adaptation and human health. In contrast to well-documented diversification of specialized metabolic enzymes, little is known about the evolution of primary metabolic enzymes that provide precursors to the production of various specialized metabolites.  Here we uncovered that relaxed regulation of tyrosine (Tyr) biosynthesis in the plant order Caryophyllales underlies the evolution of diverse Tyr-derived specialized metabolites, such as betalain pigments and neurotransmitters, dopamine and epinephrine.  Betalains are Tyr-derived pigments uniquely found in the plant order Caryophyllales and replaced the otherwise ubiquitous phenylalanine (Phe)-derived anthocyanins (Brockington et al., 2010). We found that table beets (Beta vulgaris), which produce high levels of betalains, synthesizes Tyr via plastidic arogenate dehydrogenases (TyrAa/ADH) encoded by two ADH genes (BvADHα and BvADHβ). Unlike BvADHβ and other plant ADHs that are strongly inhibited by Tyr, BvADHα exhibited relaxed sensitivity to Tyr.  Phylogeny-guided enzyme characterization revealed that BvADHα orthologs arose before the evolution of betalain pigmentation in the core Caryophyllales.  Metabolite profiling further discovered that various Tyr-derived compounds, besides betalains, accumulate in BvADHα-containing Caryophyllales, including tyramine accumulation in Simmondsia chinensis that has little betalains.   Finally, heterologous expression of Tyr-insensitive BvADHα, but not BvADHβ, in Nicotiana benthamiana increased Tyr and Phe levels.  These results together suggest that de-regulation of Tyr biosynthesis redirected carbon flow from Phe to Tyr biosynthesis and supported the evolutionary expansion of diverse specialized metabolites derived from Tyr in a lineage-specific manner.  The finding can now be used to systematically identify and enhance production of Tyr-derived plant natural products. 
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