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Research Work 

Our research seeks to understand how plants make use of complex blends of 

structurally diverse metabolites to adapt to the changing environment. 

Plants are master synthetic chemists, capable of synthesizing a plethora of 

structurally diverse specialized metabolites. The plant kingdom contains somewhere on 

the order of one hundred thousand to one million chemically unique structures. Those 

structurally diverse specialized metabolites are central players in plants’ adaptations to 



their environments and in particular in their defense against enemies and recruitment of 

beneficial microbes. 

Mass spectrometry (MS)-based untargeted metabolomics, which empowers the 

collection of vast amounts of structural information of biological samples, has now 

become a critical technique for the global chemical analysis of plant biology. Over the 

past years, our goal was to develop a working and useable synthesis of unbiased 

computational metabolomics, multi-omics techniques, molecular biology and natural 

history-driven approaches. The objective of this synthesis was to explore the holistic 

“metabolic space” that plants produce when attacked and digested by herbivores, and 

when they recruit fungal and bacterial microbiomes, so that metabolism-centered 

biological and ecological questions could be rigorously addressed. 

Our current projects primarily focus on elucidating plant specialized metabolite 

diversity and function at the global metabolome scale. The objectives are to continue 

developing next generation metabolomics techniques so as to systematically explore 

the structure, biosynthesis, regulation, evolution and physiological and ecological 

function of plant specialized metabolism to enlighten our understanding of the 

multifaceted chemical adaptations that plants have evolved in their changing 

environments. 

Main Achievements 

1. A novel GLV-phenolamide mediates nonhost resistance of a native tobacco 

against leafhopper pests. Although much is known about plant traits that function in 

nonhost resistance against pathogens, little is known about nonhost resistance against 

herbivores, despite its agricultural importance. Using an unbiased forward-genetics 

approach based on the screening of a 26-parent Nicotiana attenuata recombinant inbred 

line population in natural habitat with native herbivores wedded with unbiased 

transcriptomic and mass spectrometry–based metabolomic analyses of reverse-genetics 

lines, we identified a new defense metabolite, produced by a novel biosynthetic 

pathway that represents the biochemical union of so-called “direct” (caffeoylputrescine: 

CP) and “indirect” (GLV:(Z)-3-hexenal) defense metabolism when probed by 

Empoasca leafhoppers. 

2. Navigating metabolic diversity and function in plant specialized 

metabolism. We developed a cheminformatics and computational MS/MS strategy for 

the systematic exploration of plant specialized metabolism diversity. The workflow 

combines the strengths of data-independent MS/MS acquisition (idMS/MS) to capture 

specialized metabolism diversity from a dataset at a global scale and computational MS 

to accelerate the structural annotations of the compounds collected; and brings together 

the analysis of genomics, transcriptomics and metabolomics using an information 

theory statistical framework. Using this framework, we quantified metabolite variance 

found both within plant parts and among natural accessions in elicitation kinetic 

experiments, and networked the metabolite variance data with transcriptomic data, to 

reveal how natural selection has sculpted the distributions of these metabolites in the 

intra- and inter-species scales. 



3. Testing plant defense theory for specialized metabolism. The spectacular 

diversification of specialized metabolism found in plants inspired several decades of 

intense research about its multifaceted ecological functions and nucleated a long list of 

important plant defense theories. We explored the reconfigurations of metabolomes 

from single plants to populations, as well as of closely-related species, elicited by 

herbivores using information theory descriptors as a common currency so as to compare 

critical predictions of plant long-standing defense theories at micro- and macro-

evolutionary scales. We found that the “optimal defense” capacities of plants were 

largely defined by jasmonate (JA)-mediated plasticity at both evolutionary scales, 

highlighting that interspecific evolutionary patterns may be largely driven by variations 

in internal phytohormone perception and responsiveness. 
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