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RESEARCH PROGRAM 

My research program is focused on the molecular and quantitative genetics of abiotic stress 
tolerance primarily in sorghum and maize and includes comparative genomics with other staple food crop 
species. More specifically, my research addresses the role of root biology in crop adaptation to soil-based 
stresses including drought, insufficient mineral nutrients, and toxic metals. Because acid soils limit crop 
production in the tropics and sub-tropics where many developing countries reside, a major emphasis of 
my research has been on the molecular, genetic and physiological mechanisms that allow crops to 
maintain high yields on acid soils, where crop production is limited by aluminum (Al) toxicity and low 
phosphorous availability. On these highly acid soils (pH < 5), the rhizotoxic form of aluminum, Al3+, is 
solubilized into the soil solution, resulting in a damaged and stunted root system and reduced crop yields 
due to drought and nutrient deficiencies. Our research efforts led to the isolation by positional cloning of 
one of the first plant Al tolerance genes, SbMATE, which encodes an Al-activated root citrate efflux 
transporter that confers sorghum Al tolerance via chelation of toxic Al3+ ions in the rhizosphere. We have 
recently shown that SbMATE increases sorghum yield on acid soils by 0.6 ton ha-1. Furthermore, from an 
evolutionary point of view, we are using molecular-genetic approaches including association genetics to 
uncover useful genetic variation for Al tolerance in crop species to unravel the fine structure of the 
SbMATE gene. We are using a combined strategy integrating GWAS, QTL and expression QTL 
mapping, allele-specific expression assays and transactivation assays to define the molecular nature of 
regulatory elements affecting Al tolerance gene expression for deployment into sorghum molecular 
breeding programs.  

Additionally, candidate gene-based and genome-wide association mapping are being used to 
identify other genes underlying abiotic stress tolerance in sorghum, within a framework that emphasizes 
root traits related to agronomic performance under stress in the field and root system architecture traits 
assessed in controlled conditions. This work led to the recent discovery that multiple sorghum homologs 
of rice Pstol1 (for phosphorus starvation tolerance), which encodes a putative cell wall-associated protein 
kinase, work together to increase root proliferation and root surface area, leading to enhanced 
phosphorus uptake and grain yield on low-P soils (enhanced P efficiency). Other research activities 
involve the application of whole genome scans based on high density SNP data targeting P efficiency, and 
drought and Al tolerance in sorghum. A more recent development in my research program involves the 
relationships between epigenetic changes and abiotic stress tolerance, with a focus on sorghum root 
system architecture, which was initiated in 2015 during a sabbatical at the Cold Spring Harbor Laboratory 
with Drs. Doreen Ware, Rob Martienssen and Leon Kochian (at the Robert Holley Center at Cornell 
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University). We are taking this translational genomics approach to determine the contribution of the 
epigenome in enhancing crop performance on soils prone to reduced crop yields due to abiotic stresses. 
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