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Amino acids are mostly known as the building blocks of proteins in all
living organisms, but they have many other important functions in
plants as precursors of several molecules with a multitude of functions
in plant metabolism, development and defence. From a nutritional
point of view, accumulation in plants of the amino acids that cannot
be produced by the human body, is of major interest; these so-called
indispensable amino acids need to be acquired from the diet. In plants
the “aspartate super pathway” is a highly regulated metabolic
pathway through which four indispensable amino acids are produced:
lysine, threonine, methionine and isoleucine. This pathway is a
desired target for biofortification research, which aims to decrease
the incidence of amino acid deficiency in populations with a mostly
plant-based diet by increasing the levels of one or more of the
indispensable amino acids in a target crop such as rice or maize.
However, a strong increase of an amino acid in a plant often has
negative side effects such as altered development or a decrease in
fertility and yield.
This study aimed to describe in detail these negative effects of
increased levels of lysine on the phenotype of young developing plants
and to find a molecular link between these processes. The focus of
this work was on the analysis of transgenic Arabidopsis thaliana lines
expressing dhdps-r1, which either continuously or inducibly produce
lysine in the whole plant, without any means to regulate this
production. Through phenotypic analysis in different growth
conditions at both macroscopic and microscopic level, amino acid
analysis of leaves and transcriptome analysis using RNAseq
technology, it became clear that the earliest stages of development
are the most crucial, since delaying the onset of the high lysine levels
significantly benefits the plant phenotype. Since leaf development is
a highly regulated process, disruption of the balance in the amino acid
metabolism influences leaf development on multiple levels (with
involvement of many different molecular factors) and not a single
factor can be designated as the main perpetrator of the response. It
is however likely that due to the high levels of lysine, the plant
prioritizes defense over growth, since lysine is metabolized into Nhydroxypipecolic acid, which functions as a defense elicitor.
In light of biofortification, both timing and organ-specific increase of
lysine levels will be crucial to prevent negative effects on plant yield.

