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Using Genetic Engineering to Improve Postproduction Quality
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PROJECT OBJECTIVES

ldentify genes and proteins involved in senescence

Characterize expression of senescence-related genes during development and following drought and nutrient stress
Investigate the regulation of senescence-related genes by the plant hormone ethylene

ldentify the best gene targets to enhance postproduction quality and performance using genetic engineering.
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INTRODUCTION

Senescence represents the last phase of plant development. This is a genetically controlled process that allows the plant to
systematically dismantle the cells of senescing leaves and petals so that essential nutrients can be remobilized to developing
tissues before the dying organs are shed. The developmental senescence (i.e. age-related) of many plants is controlled by the
plant hormone ethylene. Exposure to ethylene gas during greenhouse production or during shipping or retailing can accelerate
the senescence of floriculture crops and these crops may become unsalable. Postproduction exposure to environmental stresses,
including drought, can also reduce plant quality and shelf life. The premature senescence of flower, leaves and whole plants
during any part of the supply chain leads to decreased sales and decreased profitability. This has recently been referred to as
shrink. Losses from postproduction shrink may be from 5 to 15% (Healy, 2009). While shrink can be reduced by proper
postproduction care and handling, plants with delayed senescence and enhanced stress tolerance (the result of traditional
breeding or genetic engineering) will have the longest shelf life. A detailed understanding of the genetic control of senescence is
required to efficiently modify both developmental and stress-induced senescence. While plant development is controlled by
changes in the expression of genes, many processes like senescence are also controlled directly by changes in the proteins that
are encoded by these genes (i.e. post-transcriptional regulation). This project uses proteomics to identify the biochemical
pathways controlling senescence. Proteomics is the large-scale study of proteins.

RELEVANCE TO FLORICULTURE INDUSTRY

This research provides valuable knowledge about the execution of senescence in plants and how senescence is influenced by
ethylene (Chapin & Jones, 2009) and environmental stresses. This information will be used to increase the shelf life of flowering
plants, which will reduce postproduction shrink and increase the profitability of floriculture producers.
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RESULTS

Proteomic Analysis

Figure 1: Proteomics was used to identify protein changes during the Table 1: Proteomic analysis identified proteins that were up regulated and
pollination-induced senescence of Petunia x hybrida down regulated during petal senescence
‘Mitchell Diploid’ corollas.
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Gene Expression Analysis
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DISCUSSION COLLABORATORS

*** Novel proteins not previously reported to be involved in 'David Clark (University of Florida, Gainesville, FL)

senescence were identified using proteomics. David Francis (Ohio State University, Wooster, OH)
< Protein identifications in petunia were possible due to ESTs | Jonathan Frantz (USDA/ARS, Toledo, OH)
generated by David Clark (UF). Michael Kinter and Belinda Willard (Cleveland Clinic Proteomics Lab)

% mRNA abundance did not always correlate with protein Justin Marotta (Possum Run Greenhouse, Bellville, OH)

abundance. Dean Palm (Green Circle Growers, Oberlin, OH)

“* PhASR may function as a transcription factor that controls the Anthony Stead (Royal Holloway University of London, UK)
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