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This proposal seeks to address two of the major goals of the current research announcement: (1) assessing how
spaceflight modulates the interactions between plants and microbes and (2) how well microgravity analogs capture the
events elicited by the spaceflight environment. Tomato plants will be grown on orbit in the NASA Vegetable Production
System (Veggie) hardware on board the International Space Station (ISS) with and without the beneficial rhizosphere
microbe Trichoderma hazianum. A third sample will be of this microbe growing under identical conditions on the ISS
but without the plants. These samples will be compared to parallel ground controls at 1 x gravity as well as to samples
growing on 1-axis and 3D clinostats and on random positioning machines. Assays will integrate RNAseq-based
transcripomics and ionomics (nutrient uptake and distribution) alongside biochemical measures of photosynthesis and
stress. These comparisons will allow us to ask both how spaceflight affects the plant, the microbe, and the relationship
between these organisms and additionally, how well microgravity analogs can reproduce these kinds of events on the
ground. In addition, we will compare the omics-level data gathered from this study to the wealth of spaceflight-related
omics data available through the GeneLab data repository. We will use an approach of orthologous matrix mapping that
allows identification of similar genes between diverse species and so allows comparisons of, for example, the degree of
similarity between patterns of gene expression to be compared between different species. Overall this research will help
define how spaceflight may modulate plant, microbial, and plant-microbe responses and help understand whether
defined beneficial microbes may provide a countermeasure to the deleterious effects of spaceflight on plants. The work
will capitalize on the complementary expertise of two groups: the Gilroy lab team (plant spaceflight, transcriptomics)
and the Hanson lab (biochemistry, photosynthesis).

Specifically, we propose to:

(1) Analyze the kinetics of growth and the transcriptome, ionome, and photosynthetic responses of tomato plants to
spacetlight.

(2) Compare these responses in plants growing with or without the beneficial root symbiotic microbe Trichoderma
harzianum.

(3) Use comparisons to ground-based control experiments, clinostats, and random positioning machines to ask whether
such changes are likely linked to the microgravity element of spaceflight and how far these ground-based microgravity
analogs really do trigger responses seen in the spaceflight environment.

New project for FY2021.
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