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NASA’s Mission

Drive advances in science, technology, aeronautics, and 
space exploration to enhance knowledge, education, 

innovation, economic vitality and stewardship of Earth

https://www.nasa.gov/content/the-crawlers

NASA astronaut Christina Koch

Cell Science Bioculture System

https://www.nasa.gov/cygnss/overview



How does NASA achieve its Mission?

• NASA HQ – Provides overall guidance and direction to the Agency  

• NASA Centers and Facilities – Where the day-to-day NASA work is performed in laboratories, 
airfields, wind tunnels, etc. 

• NASA conducts its work though four main organizations called Mission Directorates:

Ø Aeronautics Research (ARMD)

Ø Human Exploration and Operations (HEOMD)

Ø Science (SMD)

Ø Space Technology (STMD)

https://www.nasa.gov/offices/olia/overview/index.html

http://www.nasa.gov/directorates/heo/home/

http://www.aeronautics.nasa.gov/

http://science.nasa.gov/

http://www.nasa.gov/directorates/spacetech/home/



NASA Science

Monkey Head Nebulae

Earth Science
The study of 
planet Earth

Astrophysics
The study of the 
origin, structure, 

evolution and 
destiny of the 

universe 

Heliophysics
The study of the 

sun and its 
effects on the 
solar system 

Planetary Science
the study of the 

origin and history of 
the solar system and 

the potential for 
extraterrestrial life



5+ Decades of NASA Life Sciences Research

Synthetic
Biology



Exposure to Spaceflight Changes our Physiological Systems
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Exposure to Spaceflight Changes Plant Physiology Too



Space Biology Program
Animal Biology

Cell and Molecular Biology

Microbiology

Developmental, Reproductive, 
and Evolutionary Biology

Plant Biology

https://science.nasa.gov/biological-
physical/programs/space-biology



Spaceflight Hardware: Cell Culture Systems

CellCultBioculture
System



Spaceflight Hardware: Microbiology
Biological Research 
in Canisters (BRIC)



Spaceflight Hardware: Small Animals

Multi-use Variable gravity Platform (MVP)



Spaceflight Hardware: Plants

Advanced Plant Habitat



Spaceflight Hardware: Plants
Veggie
Habitat



Spaceflight Hardware: Rodent Research
Animal Access Unit (AAU) RR Habitat



Space Biology Program
Animal Biology

Cell and Molecular Biology

Microbiology

Developmental, Reproductive, 
and Evolutionary Biology

Plant Biology

https://science.nasa.gov/biological-
physical/programs/space-biology



“…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

2011 NRC Decadal Survey and the Sequencing Paradigm Shift



The Central Dogma of Molecular Biology

Replication
DNA duplicates

Transcription
RNA synthesis

Translation
Protein synthesis

DNA

Information

Information

mRNA

RNA polymerase Nucleus

Cytoplasm

Nuclear membrane

mRNA
ribosome

protein

Protein

RNA

(Andy Vierstraete 1999)

What are ‘omics?



Gonzalez-Pardo and Alvarez, 2013

Beyond the Central Dogma



Omics
Epigenome Epitranscriptome

Genome Transcriptome MetabolomeProteome

DNA RNA Nucleic AcidsProtein

Amino Acids

Carbohydrates

Lipids

Vitamins

What are ‘omics?



• What, when, and where genes are expressed 
allow for cell type diversity and enable living 
organisms to respond and adapt to surroundings

Gravity Fields

Radiation

Confinement

Hostile/Closed 
Environments

Distance

Primary Stressors of Spaceflight

• Gene expression is primarily regulated by 
environmental factors both micro (cell’s micro-
environment) and macro (organism’s external 
stimuli or stressors)

• Spaceflight alters the transcriptional patterns and 
molecular signaling networks within our cells, 
which in turn causes physiological changes

• Understanding such changes will enable 
development of mitigation strategies to better 
withstand the rigors of long-duration spaceflight

Why is studying omics important for spaceflight?



GeneLab: Open Science for Life in Space (https://genelab.nasa.gov)



GeneLab ecosystem: Maximizing knowledge by bringing experiments together 

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

heart, eyes, brain,…)Human?

ANIMAL

Increasing Statistical Power (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



GeneLab Teams
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GeneLab Data Democratization
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GeneLab Data System

Submission 
Portal
GEODE

User Data 
Workspace

GEODE

Analysis
Toolshed 

Data
Portal

PI/Missions/
Experiments

PI Processing GeneLab Sample 
Processing

NASA 
Institutional 
Scientific 
Collection (ISC) 

New
Knowledge

• Raw Data
• Processed 

Data
• Metadata Visualization

Portal

Environmental
Portal

• Pipelines
• Interactive
• Tutorial

Space-
Relevant 

Federated Data



GeneLab: Submission Portal – GEODE (https://genelab.nasa.gov)



GeneLab Environment for Online Data Entry (GEODE)

Sample level data

Terms are connected to a controlled 
ontology

Assay level data with fields specific to that assay 
PIs are presented with a study preview and a 
private link for sharing with reviewers and 
collaborators.

• Space Biology PIs can now 
submit data through GEODE.

• Allows efficient input of sample 
and assay level metadata 
alongside data files.

• Tailored to specialized needs of 
spaceflight samples.

• Now exploring extending this 
portal for use on ALSDA 
submissions.



GeneLab: Data Repository (https://genelab.nasa.gov)



GeneLab: Data Repository 



GeneLab: Data Repository 



GeneLab: Data Repository 



GeneLab: Data Repository 



GeneLab: Data Repository 

 
Figure 2. GeneLab Database content by experiment environment (A), assay type by year of 

data publication (B), and organism by year of data publication (C). 

 

 
Figure 3. Redesigned “individual study page” of the GeneLab data repository.  Users can click 

on the section links (A) to navigate to each panel of metadata, open/close (collapse) each 

panel of metadata using the arrow on the panel header (B), and/or drag panels to re-order 

metadata displays (C).  For each study dataset, a DOI is generated (D), and every submitted 

version of the dataset can be displayed using a drop-down menu (E). 
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GeneLab: Environmental Data (https://genelab.nasa.gov)



GeneLab: Environmental Data

Users can view environmental 
data relevant to a dataset.

This includes temperature, 
relative humidity, CO2, 
radiation exposure.

Users can compare conditions 
of different datasets.



GeneLab: Data Visualization Portal (https://genelab.nasa.gov)



GeneLab: Data Visualization Portal



GeneLab User Growth

Downloads: Jan 2019 - Dec 2020
*represents downloads per GLDS Study, not per file

Introduction of Processed 
Data and Visualization

405
Avg Monthly 
Downloads

10146
Total Study 
Downloads

3494
Avg Monthly 
Sessions

1718
Avg Monthly 
Users

Introduction of Analysis 
Working Groups

Usage: May 2017- Jan 24, 2021

Top 10 Countries – Sessions
1. United States 
2. India 
3. United Kingdom 
4. Germany 
5. Canada 
6. France 
7. South Korea 
8. Japan
9. China 
10. Australia



GeneLab Power Users

GL4HS (Tutorial + Tools)

GeneLab included in Bioinformatics 
curriculum of degree granting university

Annual AWG Workshop
GeneLab Interns
Undergrads, Grads, Postdoc

ANIMAL AWG (35)

GeneLab Analysis Working Groups (AWGs) consist of 130+ 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 Group (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.

GeneLab for High Schools (GL4HS)
GeneLab for College/University (GL4U – Pilot with SJSU)

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


Analysis Working Groups (AWGs) are Driving Data Reuse



Publications Using GeneLab Data

50
Original 
Publication linked 
to GeneLab

30
Derived 
Publication linked 
to GeneLab

Original – Publications with original dataset submitted to GeneLab
Derived – Publications using data submitted to GeneLab repository

92
Datasets used in 
derived 
publications

60+
Presentations 
linked to GeneLab

Publication Metrics

ROI grows faster than publications linked 
to original 
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• 29 scientific papers, 200+ 
authors

• 9 papers utilize data in 
GeneLab or GeneLab 
resources

• 2 AWG papers
• Covered by 200 News 

Articles worldwide with 43 
articles mentioning 
GeneLab

Most Recent Publications
A special collection on the biology of spaceflight, published  on 
November 25th, 2020 in Cell and other Cell Press journals, done in 
collaboration between NASA and other space agencies around 
the world, uncovers the impact of known hazards of spaceflight, 
such as radiation and microgravity, and discusses the standards 
for multi-omics from space and the preparations needed for Mars 
and other missions in the next two decades.



Highlights
• Multi-omics analysis and techniques with 

NASA’s GeneLab platform.
• Mitochondrial dysregulation driving 

spaceflight health risks. 
• NASA Twin Study data validates 

mitochondrial dysfunction during space 
missions.

Largest amount of astronaut data in one paper!

Highlights
• Experimentation is necessary to understand how organisms 

respond to space
• RNAseq datasets are impacted by preservation protocols 

used on the ISS
• Impacts can be alleviated with improved carcass 

preservation protocolsHighlights
• Data integration between GeneLab and ALSDA furthers the ability to 

utilize technologies such as artificial intelligence (AI) and machine 
learning (ML) methodologies to develop new hypotheses. 

• Database standards and accessibility such as FAIR principles and APIs 
enables open-access science promoting collaborative efforts to interpret 
spaceflight effects by integrating omics and physiological data to the 
systems level.

Highlights
• Comparative transcriptomics 

in C. elegans exposed to 
hypergravity and spaceflight

• Bioinformatics identifies 
novel putative regulators of 
altered gravitational load

• Candidate molecules infer a 
close gravity > daf-16/FOXO > 
neuronal link

• ISSOP is an international consortium of scientists 
• Optimizing the conditions for scientists and the 

general public to derive valid hypotheses from these 
precious space omics data by reducing confounding 
factors and increasing interoperability at the global 
level.

Cell Bundle - Highlights

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

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



Outreach / NASA Internship Opportunities - HS

During the training program, students learn and obtain training in:

Caption: Gene Lab for High Schools 2020 Virtual Cohort

GeneLab for High Schools (GL4HS): A four-week intensive training summer program for rising high school 
juniors and seniors sponsored by NASA Ames Research Center

Learn more and apply at: https://www.nasa.gov/ames/genelab-for-high-schools

• NASA space biology research
• Bioinformatics and computational 

biology methods and techniques to 
analyze omics data

Eligibility for Class of 2022 (Applications open early 2022):

• Designing an experimental proposal 
based on analyzed GeneLab data

• Formal oral presentation skills
• Networking opportunities

• US citizen or US Green Card holder

• Age 16 or older as of 12/31/2022

• Entering junior or senior year in Fall 2022

• Have a GPA or equivalent of 3.0 or higher

Students in grades 7 through 12: Design DNA 
experiments that address a challenge in space exploration

The 2021 Contest is Currently Open – proposals are due 
on April 12th, 2021

Learn more and submit a proposal at : 
https://www.genesinspace.org/

Outreach Committee will be hosting virtual 
Q&A sessions with NASA Scientists and 
Engineers at K-12 schools 
Interested Educators can e-mail me:
Amanda.m.saravia-butler@nasa.edu

https://www.nasa.gov/ames/genelab-for-high-schools


Outreach / NASA Internship Opportunities – College+

• Opportunities for students and eligible early career 
scientists to participate in basic research, learn about 
effective science communication, and develop critical 
thinking skills in ethics, policy, and more

• The NASA/BMSIS Young Scientist Program in Space 
Biosciences: For post-bachelors and pre-doctoral 
students (at Mountain View, CA)

• The BMSIS Young Scientist Program: For 
undergraduate students and those who have 
completed undergraduate studies but have not yet 
enrolled in graduate school (primarily virtual)

• Learn more and apply at: 
https://www.bmsis.org/ysp/

SLSTP: Provides undergraduate students entering 
their junior or senior years, and entering 
graduate students, with professional experience 
in space life science disciplines including:

Ø The effects of spaceflight on living systems

Ø The development and operation of specialized 
research facilities to support investigations in 
microgravity, partial gravity, and hypergravity

Ø Research and development of advanced 
biotechnologies that enable NASA’s 
exploration of distant destinations

Learn more and apply at: 
https://www.nasa.gov/ames/re
search/space-life-sciences-
training-program

NASA STEM Engagement
Discover more NASA Internship opportunities and apply at: 
https://intern.nasa.gov/

Coming Soon: GeneLab for College/Universities (GL4U):
• For educators to learn how to teach omics data analysis 

using GeneLab standard pipelines and space-relevant data

https://www.bmsis.org/ysp/
https://www.nasa.gov/ames/research/space-life-sciences-training-program
https://intern.nasa.gov/


Questions?
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Extra Slides



NASA Centers and Facilities



NASA Centers and Facilities

https://history.nasa.gov/



What has NASA done for us?



Mission Scientist: Rodent Research (RR) Project

Astronaut Christina Koch
Kidney Cell Experiment, LSG



Space is Hard!

Parabolic Flight aka the Vomit Comet 



Space is Hard!

Dr. Andrew Feinberg



Mice in Space…

Ronca, A.E., Moyer, E.L., Talyansky, Y. et al. Behavior of mice aboard the International Space Station. Sci 
Rep 9, 4717 (2019). https://doi.org/10.1038/s41598-019-40789-y



NASA’s Vision

We reach for new heights and reveal the 
unknown for the benefit of humankind


