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To prepare for future human exploration missions far from Earth, NASA’s Space Biology Program is seeking to build a
better understanding of the effects of spaceflight and zero gravity on the biology of microorganisms, plants, and animals
in spacecraft, the International Space Station (ISS), and also in ground-based analog experiments. The National
Research Council recommended that NASA undergo studies to elucidate the effects of short and long duration
spacetlight on the biology of all three categories of organisms. Technological advances in next-generation sequencing
(NGS)), spatial transcriptomics, and proteomics (spatial omics), several of which we describe below, create an
unprecedented opportunity for in-depth molecular studies applicable to the purposes of NASA’s Space Biology
Program. This provides scientists, engineers, and clinicians a more comprehensive view of the functional dynamics of
organisms as they evolve and respond to unique or highly selective environments including the ISS.

Spaceflight causes changes in cell signaling pathways that are better understood only by increasing the analysis
resolution level. In this project, we will deploy new technologies, i.e. spatial transcriptomics, single-nucleus
RNA-sequencing, multi-omic spatial mapping (human and microbial), and systems biology algorithms to discover new
insights relevant to the impact of spaceflight on human health. These data and methods will shed light on the complex
biosystem dynamics that spaceflight causes in humans. We will be able to clearly dissect the gene expression changes
occurring at the single-cell level, analyze how these changes affect the cell-cell genetic and physical interactions, and
begin the first-ever in vivo human-microbial interaction maps from spaceflight. To do so we will conduct rigorous and
cutting-edge omics analysis using two complementary platforms (10x Genomics Visium and Nanostring’s GeoMx) with
six main rodent organs collected throughout several past spaceflight missions and their corresponding ground controls.
Our integrated biology approach will allow us to understand physiological, anatomic, and molecular mechanisms of
adaptation and response in animals to spaceflight.

For our organism-wide study we will leverage the extensive amount of samples collected throughout several Rodent
Research (RR) missions which are accessible through the Life Sciences Data Repository (LSDA). Several of these
specimens have already been allocated for Dr. Mason through LSDA. Our study will represent the first-of-its-kind in
space biology and will provide foundational discoveries that will allow us to understand not only how astronaut
conditions can be improved during spaceflight, but also how the changes induced by spaceflight can be translated into
modern medicine to improve human health on Earth. Moreover, we will apply several statistical and machine learning
techniques in order to predict changes induced by spaceflight at the organism level for future long-term missions.

We will be able to clearly dissect the gene expression changes occurring at the single-cell level, analyze how these
changes affect the cell-cell genetic and physical interactions, and begin the first-ever in vivo human-microbial
interaction maps from spaceflight. To do so we will conduct rigorous and cutting-edge omics analysis using two
complementary platforms (10x Genomics Visium and Nanostring’s GeoMx) with six main rodent organs collected
throughout several past spaceflight missions and their corresponding ground controls. Our integrated biology approach
will allow us to understand physiological, anatomic, and molecular mechanisms of adaptation and response in animals to
spaceflight.

In the past year, we have focused efforts on curating and testing banked tissues for processing with spatial and
single-cell methods. Specifically, we have focused on the retinal tissues (acquired and tested), liver, brain, femur, heart,
and duodenum. We have dissected test samples from donor mice in our laboratory, analyzed the data from Visium and
GeoMx, and also we have run four samples through single-nucleus RNA-seq (snRNA-seq) using the 10xGenomics
Chromium controller and assay.

So far, we have: 1) Generated the first GeoMx profiles of the mouse retina tissues, and now generating additional
replicates. 2) Continued sample selection and quality control (QC), including the RNA Integrity Number (RIN) and cell
count matrices for tissues. 3) Tested snRNA-seq on retina tissues, and have updated our Seurat annotations and database
for the analysis.
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