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Risks Associated with Spaceflight
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Background on 
Spaceflight, 
Experiments, and 
Resources for 
the Data That 
was used for the 
Mitochondrial 
project



2011 NRC Decadal Survey and the Sequencing Paradigm Shift

“…genomics, transcriptomics, proteomics, and metabolomics offer an 
immense opportunity to understand the effects of spaceflight on biological 
systems…”

“…Such techniques generate considerable amounts of data that can be 
mined and analyzed for information by multiple researchers…”

GeneLab is born

Last Decadal 
Survey
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Image obtained from: https://www.nasa.gov/mission_pages/sunearth/news/gallery/20130228-
radiationbelts.html

Space Environment
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Deep Space Radiation



Space Environment Health Risks On Astronauts



Type of Experiments Related to Space Biology

Hindlimb Unloading (HU)

Microgravity Simulated 
Experiments

Partial Weight Bearing Rat Model

https://www.rutkovelab.org/nasa/

Experiments Done in Space Space Radiation Simulated 
Experiments

Brookhaven National Laboratory

Seward Rutkove Marie Mortreux



Other Types of Experiments on the ISS

Credits: NASA/Ames Research Center/Dominic Hart

An astronaut placing Vented Fly Boxes into the correct 
configuration inside an incubator on the International Space 
Station.
Credits: NASA/Ames Research Center/Christina Cheung

Each fly cassette—a food-
containing habitat for fruit 
flies—fits inside of a 
camera and lighting unit 
that records high-
definition video and 
provides a day/night cycle 
for the flies.



Other Types of Experiments on the ISS

C. elegans culture chambers for 
the Space Aging experiment 
aboard the ISS

Credits: JAXA

Credits: JAXA

Credits: NASA

The Zebrafish Muscle 
investigation employs the ISS 
Aquatic Habitat, an aquarium 
in microgravity.

emergence of mustard seedlings

Credits: NASA

Credits: NASA

Credits: NASA

Interior view of an incubator cassette 
from the Bioculture System

Credits: NASACredits: NASA/Ames Research Center/Dominic Hart

Credits: NASA / JPL
Credits: NASA



GeneLab ecosystem: maximizing knowledge by 
bringing experiments together as a system

Identify Shared Processes/ 
Molecular Signatures
• Hypoxic Response ?
• Oxidative Stress
• Common Tissue (e.g. muscle, liver, 

heart, eyes, brain,…)Human?

ANIMAL

Increasing Genetic Diversity (more samples/payload)

Increasing Human Relevance

For Spaceflight
•High “n” number – statistically significant data

•Genetically identical animals
•Low resource requirements

•Short life cycle - multiple generations

•Measure response of a whole multicellular animal

•Flies used as a model for humans for innate 
immunity, circadian rhythm, oxidative stress, 
neurobehavior, development, genetics,          
GWAS, “omics” studies etc



Submission 
Portal

User Data 
Workspace

Analysis
Toolshed 

Data
Portal

PI/Missions/
Experiments

PI Processing GeneLab Sample 
Processing

NASA 
Institutional 
Scientific 
Collection (ISC) 

GeneLab Data Democratization

New
Knowledge

• Raw Data
• Processed 

Data
• Metadata Visualization

Portal

Environmental
Portal

• Pipelines
• Interactive
• Tutorial
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Disease 
states

Pathway changes

Differential expression

Raw Data, mapped reads



GeneLab Power Users
GeneLab Analysis Working Groups (AWGs) consist of 
120+ scientists from multiple space agencies, international 
institutions, and industry. Scientists meet monthly with each 
group to analyze data in the GeneLab repository. Majority of 
members are non-NASA PI’s – many have applied for NASA 
funding following AWG interactions.

https://genelab.nasa.gov/awg/join

Educational Working Work (EWG) consists of educators 
and scientists spanning across high school and college, 
focusing on developing content to learn about spaceflight 
OMICS, promoting the use of GeneLab’s database via the 
repository, and the visualization and analytical portals.
Contact us for more information.

Total AWG Members: ~150
Members are now group leads

AWG Members Per Group:
Animal 30
Multi-Omics/System Biology 65
Plants 15
Microbes 17

*Some members are in multiple groups

GeneLab for High School
(Tutorial + Tools)

GeneLab included in 
Bioinformatics 

curriculum of degree 
granting university

Annual AWG Workshop
GeneLab Interns
Undergrads, Grads, Postdoc

https://genelab.nasa.gov/awg/join
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Studies
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GeneLab (genelab.nasa.gov)



Environmental Data
Supporting data for space flown experiments: Summarized STS and ISS Radiation dosimetry, ISS Cabin CO2, Temperature, Humidity



Data Visualization
By study, users can visualize processed transcriptomics data in GeneLab



Data Visualization 2.0
Add new types of visualization tools and extend the ability to visualize and compare multiple datasets.
Coming soon! Pathway analysis by Gene set enrichment 

Interactive Network Plot
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How GeneLab 
can be utilized 
to generate 
novel scientific 
theories: The 
Mitochondria 
Story



https://www.cell.com/c/the-biology-of-spaceflight

Multi-Omics Analysis Using GeneLab Database Recognizes Mitochondrial Dysfunction as a 
Mediator of Spaceflight Health Risks
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Overview of Data Utilized for this Work and Project

Largest amount 
of astronaut data 
in one paper!!



Universal Mitochondrial Changes 



Universal Mitochondrial Changes Translates to Astronauts 

Integrated Stress 
Response Genes

OXPHOS Genes

Increased levels of 8-OHdG and prostaglandin F2 alpha is a 
biomarker of cellular oxidative stress



Universal Mitochondrial Changes Leads to Downstream Immune 
Dysfunction



Universal Mitochondrial Changes Leads to Downstream Lipid and Fatty Acid Dysregulation



Universal Mitochondrial Changes Leads to Downstream Cell Cycle and Circadian Rhythm Issues



Summary of the Work



Lots of Papers Recently Published on Space Biology!!
https://www.cell.com/c/the-biology-of-spaceflight



Thank you!
2017-2018 2018-2021

GeneLab is funded by the NASA Space Biology program within the NASA Science 
Mission Directorate’s (SMD) Biological and Physical Sciences (BPS) Division

Twitter: @NASAGeneLab 
https://genelab.nasa.gov


