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Studies on the NB-LRR-encoding genes conferring susceptibility to organophosphate pesticides
FHRIFMXDREE  and leaf greenness in sorghum
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Sorghum (Sorghum bicolor L. Moench) is the fifth most important cereal crop worldwide, and its high biomass along
with extreme tolerance to drought and high-temperature conditions makes sorghum a potential crop for food, fodder,
and bioenergy production. Improving the cultivation of sorghum is essential for continuing to reap the benefits of this
cereal and for leveraging its economic advantages. However, sorghum, like other crops, has some undesirable traits that
reduce its yield. One such trait is the defect in leaf greenness that is associated with the sensitivity to organophosphates.
A particular type of organophosphates, commonly used to protect against insect attack, has been known to turn sorghum
leaves brown, causing cell death and wilting. In this study, my laboratory started with crossing (i.e., mating) the
organophosphate-sensitive NOG (or Takakibi) with the organophosphate-resistant sorghum variety BTx623. And we
found that all the progeny indicated organophosphate sensitivity (OPS) phenotype. This implied that OPS was a
“dominant” trait, and it means that plants would be sensitive to organophosphates even if they had one copy of an OPS-
related gene (heterozygous type). To identify those genes, we used a technique called ‘Quantitative trait locus mapping.’
I identified the genetic locations associated with OPS in the NOG variety by this technique. I found that the genes
encoding the NB-LRR protein, which is present on the outer membrane of plant cells and presumably recognizes
external agents, are responsible for OPS in sorghum. The mechanism of organophosphate-induced damage in sorghum
was similar to how plants suffer damage during pathogenic infections. Then I concluded that the NLR-C gene, which
was functional in NOG but not in BTx623, was responsible for OPS in a dominant manner. The study could offer an
improved understanding of the diverse roles played by the NB-LRR protein in sorghum. But more importantly, it lays
the foundation for much-needed improvements in the breeding of sorghum. Pesticides like organophosphates are very
useful in protecting plants from insects, but they should not damage the plant itself. My findings could help in the
development of sorghum varieties that can be grown safely with organophosphate treatment, thus improving the
longevity of this crop. Moreover, this OPS trait is not specific to sorghum but can also be observed in other important
plants, including tomato. My findings could therefore help in the development of sustainable agriculture with the proper

use of pesticides.
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