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Open Science 

2

“We define open science as a collaborative 

culture enabled by technology that empowers 

the open sharing of data, information, and 

knowledge within the scientific community and 

the wider public to accelerate scientific research 

and understanding.”

Ramachandran, R., Bugbee, K., & Murphy, K. J. Moving from Open Data to Open Science. Earth and Space Science, Wiley Publication

https://doi.org/10.1029/2020EA001562



How will we get there?
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MAXIMIZING THE
SCIENTIFIC RETURN 
OF SPACEFLIGHT 
EXPERIMENTS
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Biospecimen Sharing 

Program (BSP)

• Dissects and preserves 
rodent tissues from 
Flight and Ground 
investigations

• Coordinates internal 
tissue sharing

NASA Biological Open Science Resources
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GeneLab (GL)Ames Life Sciences

Data Archive (ALSDA)

NASA Biological 

Institutional Scientific 

Collection (NBISC)

• Collection of non-human 
specimens and space 
microbial culture

• Collects and curates
mission, project and 
imaging data

• Collects and curates
omics data



NASA Biological Institutional Scientific Collection

*Specimens mostly from Shuttle and ISS missions. Also stored are 

specimens from ground analog studies including centrifuge, hind-limb 

unloaded and partial weight bearing.

Resulted in: 

• 33 publications since 2011

• 53 tissue requests since 2016

• 41 GeneLab data sets

• Fills spaceflight knowledge gaps
• Increases scientific return
• Publications for early career PIs
• Broadens our scientific community
• International collaboration

~35,000 Non-Human Biospecimens*
• Spaceflight and Ground Analog

• Mouse, Rat, Quail, Microbial isolates (expected)

• Searchable catalog (LSDA Website)

• Requests via LSDA Biospecimen Request form

~50,000 Space Radiation Mouse Biospecimens

• Space Radiation Ground Analog

• Newly submitted, will be available soon

NBISC

Metadata

Specimens

Ground AnalogsSpaceflight

Sharing
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Data from PIs, 

Missions, 

Experiments

• Past, Present, Future

• International Space Station, Space 

Shuttle, Bion, Hindlimb Unloading, 

Radiation-Exposed, Partial Weight 

Bearing, Rotating Wall Vessel, 

Clinostat, other

• Mouse, Rat, Drosophila, Yeast, 

Bacteria, more soon!

REUSE

(Images from Ronca et al., 2019 https://doi.org/10.1038/s41598-

019-40789-y; Cells, Bone, RR Habitat NASA-ARC)

• Basic & Applied

• µGravity, Radiation 

• Behavioral

• Countermeasures

ALSDA

• Phenotypic-Physiological-

Behavioral-Imaging-Level 

Data

• Single Submission 

Portal

• Data federated with 

GeneLab (Molecular 

Omics-Level Data)

• Often Same Subjects

Open Science

Data Repositories

Assay, Sample Metadata

A
p

p
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a
ti
o

n

Ames Life Science Data Archive

https://doi.org/10.1038/s41598-019-40789-y


GeneLab
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www.genelab.nasa.gov

378
Studies

>10
Assays

45
Species

>135 TB
Data

429
Datasets

Rodents
38%

Microbes
21%

Human
19%

Plants
12%

Invertebrates
4%

Fruit 
flies
3%

Fish
2%

Other…

ORGANISM

Genome-Wide 
Association 

Studies
1%

DNA 
methylation 

profiling
6%

Whole 
genome 

sequencing
6%Metagenome 
profiling

8%
Metabolite 

profiling
1%Protein 

expression 
profiling

8% RNA 
methylation 

profiling
1%

Transcription 
profiling

69%

ASSAY TYPE

http://www.genelab.nasa.gov/
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5,847
Biospecimens
available

159
Experimental
Payloads

1,260
Research 
Records

164
Omics Studies

<20
Species
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Re-use of Data and Enabling New Discoveries
40 enabled publications (10 publications produced by the AWGs) using data available in GeneLab. 
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CONTRIBUTE
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DATA SUBMISSION: 
ADD, EDIT, SAVE, 
SUBMIT
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Enhancing Data Submission Portal

ALSDA

Adding 

Phenotypic 

ALSDA  

Assays to 

Portal 

Ultrasonography

Micro-computed tomography 

Western Blot

Enhancing submission automation and “self-service” 
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DISCOVERCONTRIBUTE
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DATA REPOSITORY
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DISCOVERCONTRIBUTE

ANALYZE
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ANALYSIS PLATFORM
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DISCOVERCONTRIBUTE

EXPLOREANALYZE
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DATA VISUALIZATION PORTAL
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Data Reuse Example: Data Modeling
AI ready FAIR data for modeling and risk assessment

Knowledge-based 
Predictor

Modeling 
Visualization

Portal

NIH/PATIENT DB

Human phenotypes

Heterogeneous 
Data

+ 
Environmental 

Data

Omics data

Phenotypic-
Physiological data

ALSDA

BIOLOGICAL 
MODELS

Mission Scenarios’ 
Input conditions

OPEN SCIENCE 
Submission 

Portal

(Image Credits: Nelson et al., 2021, https://doi.org/10.3390/life11010042; Genewein et al., 2020, 
arXiv:2010.12237v1 [cs.AI])

https://doi.org/10.3390/life11010042


AI for Life in Space
Causal Inference

cv

Genes with a causal relationship to liver 

disease phenotype in spaceflown rodents

GLDS-47

GLDS-48

GLDS-137

GLDS-168

cv

cv cv

Genetic variants with a causal relationship to DNA 

damage and radiation sensitivity in human 

irradiated immune cells

Federated causal inference between Earth data and 

spaceborne data A novel paradigm for generating human-
relevant biomedical insights from 

observational datasets with limited size by 
leveraging and augmenting with animal model 

data

2021 FDL Astronaut Challenge
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AI for Life in Space

(Credit: BMs: Sylvain Costes & Eduardo Almeida; CRISP: Makenna Myrick, James 

Casaletto, Sanders et al., 2021; FLUID: Graham Mackintosh, 2022; DAG: Rob 

Reynolds, et al., 2021; ALSDA Vis, Fu et al., 2021, Svetlana Komarova)

Omics and Phenomic Muscle Data using explainable xAI (Qlattice) to 

identify drivers of fast vs slow-twitch space muscle impacts

- Transcriptomics (RNA-seq)

- Methylation

- Proteomics

- Calcium uptake

Benchmark RNA sequencing dataset

-RNA-seq data quantifies all expressed genes in a 

sample

-Classic example of high-D (~50k genes), low-N dataset

Approach:

1.Start with real RNA-seq data from GeneLab

2.Generate synthetic RNA-seq data using 

generative adversarial network (GAN)

3.Benchmark dataset will be high-D and high-N 

(synthetic)

ML applications: e.g. causal inference to identify causal genes with relation to a 

pathogenic target variable
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Future: Streamlined Data Integration, Multimodal, Multihierarchical

New Modeling Hub
Automated pipelines for a suite 

of machine learning, knowledge 

graph, modeling tools

Analysis Portal
Interactive analysis dashboard of 

modeling and analysis results

(Credit:  Adrienne Hoarfrost, James Casaletto, Lauren Sanders; 

Images: Nelson et al., 2021, https://doi.org/10.3390/life11010042

Casaletto et al., 2022, CRISP & Liver, in preparation)

Models

Raw Omics

Standardized 

Omics Processing 

Pipelines

Standardized 

Omics Pipelines

Processed 

Tabular 

Phenomics 

Data

Computer Vision 

and Transformer 

Algorithms

Phenotypic 

Information in 

Tabular Format

Raw Image & 

Video Data



SCIENTIFIC 
COMMUNITY
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Making data accessible worldwide
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Top 20 Countries utilizing 
GeneLab:



Analysis Working Groups
Analysis Working Groups (AWGs) consist of 400+ scientists from multiple space agencies, international institutions, and industry. 

Scientists meet monthly with each group to provide feedback, develop standards, and analyze data.
We invite you to join - https://genelab.nasa.gov/awg/join!

ANIMAL MULTI-OMICS
181 members

Interactions between the different 
omics to provide complete 
understanding of the entire system 
begin studied.

68 members

Facilitates the use of omics in 
understanding basic 
mechanisms by which animals 
and constituent tissues and cells 
adapt to the spaceflight 
environment.

PLANTS

58 members

Share and discuss the 
latest developments in Astrobotany 
– the discipline of botany concerned 
with interactions between plant 
biology and space environment.

MICROBES
50 members

Focuses on analyzing microbial 
datasets within GeneLab that 
includes gene-expression, 
proteomic, metabolomic and 
environmental metagenomic 
datasets. 

ALSDA

150 members

• Recruiting members to support data 
standards and novel methods to analyze 
cross mission and platform data

• Establish standards for various assays’ 
metadata

• Provide feedback on database and tools

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


GeneLab for High Schools (GL4HS): A four-week intensive training summer program for rising high school juniors 

and seniors to learn bioinformatics and computational biology methods and techniques to analyze space omics data.

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

Space Life Sciences Training Program (SLSTP): Provides undergraduate students entering their junior or senior 

years, and entering graduate students, with professional experience in space life science disciplines.

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

GeneLab for Colleges/Universities (GL4U): For educators and students to learn how analyze omics data using 

GeneLab standard pipelines and space-relevant data

Access to course materials: https://github.com/nasa/GeneLab-Training/tree/main/GL4U

Training the Next Generation of Scientists

Spaceflight Technology, Applications, and Research (STAR): The annual course targets principal investigators 

(PIs), senior research scientists, and postdoctoral scholars and aims to facilitate their entry to space biology and 

preparation for conducting spaceflight experiments using NASA and commercial platforms.

Applications open until May 30th: https://science.nasa.gov/biological-physical/programs/star

NASA Postdoctoral Program: If you're an early-career or senior scientist, apply to the NASA Postdoctoral Program 

to help pursue NASA's mission and experience the world's most diverse technology and expertise. 

https://www.nasa.gov/ames/genelab-for-high-schools
https://www.nasa.gov/ames/research/space-life-sciences-training-program
https://github.com/nasa/GeneLab-Training/tree/main/GL4U
https://science.nasa.gov/biological-physical/programs/star


NEXT ERA OF 
DATA
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Commercial and International Partners
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Open access data in GeneLab, accelerates the pace of scientific discovery and thus 

enables exploration and development of countermeasures by using systems biology 

approaches to identify cross-species relevance, mechanisms, biomarkers and potential health 

risks for LEO and beyond LEO (Lunar and Mars Exploration).

To increase usability and accessibility, space biological research should be available through a 

common portal. It’s important to work closely with our commercial and international partners to 

ensure data across agencies and platforms are harmonized and comparable. In addition, 

systems already developed can be utilize not duplicating efforts and costs for data sharing.

For example, GeneLab already hosts datasets from multiple space agencies (ESA, 

JAXA, CSA) and from CASIS funded experiments. 

In order to continue maximizing the return of spaceflight experiments, we encourage 

commercial and international partners to utilize the GeneLab and ALSDA Data Systems 

for their research data, both for open and proprietary data. 



Proprietary data
Currently all the data that is published, is openly accessible worldwide. 

GeneLab/ALSDA has already in place a mechanism for standardize data curation and 

account-based access. This capability can be expanded in the future for:

30

Astronaut/Human space-relevant data

• Develop a controlled access data portal

• Create an automatic data access 

request workflow

• Scientists will be able to translate their 

findings from model organisms to 

human outcomes

Commercial LEO Destinations

• Develop a controlled access data portal 

and an automatic data access request 

workflow for “closed” data

• Enable access to all spaceflight 

research a centralized data repository
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Data should be as open as possible, as closed
as necessary.

Metadata can always be open.
-Shelly Stall, TEM April 2020



Beyond LEO
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With limited sample return for various platforms, we are preparing new metadata 

templates and data streams to host and publish data from future lunar experiments and 

beyond.
(Credit:  NASA Biological and Physical Science Division; Beyond LEO Instrumentation & Science Series Science 

Working Group, 2021 Report, 

https://ntrs.nasa.gov/api/citations/20210023324/downloads/BLISS%20SWG%202021%20Report%20Final.pdf)
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Big Picture for Open Science for Life in Space



THANK YOU!
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Twitter: @NASAGeneLab 
https://genelab.nasa.gov

Open Science for Life in Space projects are funded by the NASA Space Biology 
program and NASA Human Research Program.

https://science.nasa.gov/biol
ogical-physical/space-
biology-biospecimen-
sharing-program

https://www.nasa.gov/
ames/research/space-
biosciences/alsda

https://www.nasa.gov/
ames/research/space-
biosciences/nbisc

Feel free to email me at samrawit.g.gebre@nasa.gov with any questions or links from this presentation.

https://science.nasa.gov/biological-physical/space-biology-biospecimen-sharing-program
https://www.nasa.gov/ames/research/space-biosciences/nbisc
mailto:samrawit.g.gebre@nasa.gov

