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Task Description:

This research will capitalize on the capabilities of the VEGGIE hardware to address how spaceflight affects plant gene
expression and growth related to low oxygen stress (hypoxia). Hypoxia is thought to develop in spaceflight as
weightlessness nullifies the buoyancy-driven convection that usually aids in mixing and supplying gas (oxygen) around
organisms. Our analysis of Arabidopsis grown on the ISS as part of the BRIC17 experiment is consistent with the plants
grown in space having experienced long-term hypoxic stress. These plants also showed hallmarks of using Ca2+- and
reactive oxygen species- (ROS-) pathways (such as those supported by the enzyme RBOHD). Further, we have
identified a Ca2+ transporter named CAX2 as playing a critical role in this hypoxic signaling system. We therefore
propose to use the plant growth capabilities of the VEGGIE to significantly extend our insights into hypoxic stress.
Wild-type, rbohD, and cax2 mutant seedlings will be grown on orbit. After 2 weeks, samples will photographed, fixed in
RNAlater using Kennedy Fixation Tubes, and frozen for subsequent post-flight analysis. For analysis, we will quantify
patterns of growth and gene expression using the techniques of RNAseq and qPCR. In addition, analysis of a ROS
reporter gene tagged with green fluorescent protein will be made using fluorescence microscopy. Comparison to plants
grown on the ground will be used to ask how much of the responses seen on orbit can be explained by the development
of long-term hypoxia linked to the microgravity environment. Results from this analysis are expected to advance our
understanding of hypoxic response in plants grown in both space and on Earth in addition to testing whether the hypoxic
Ca2+ signaling system provides targets for genetically engineering potential countermeasures to low oxygen stress. 
  

Rationale for HRP Directed Research:   

Research Impact/Earth Benefits:   

Task Progress: New project for FY2014. 
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