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NASA Space Biology Open Science
Ames Life Sciences

Data Archive (ALSDA)

Collection and curation of 
mission, project, and 

imaging data

NASA Internal Program

NASA GeneLab (GL)
Collection and curation of omics data

NASA Biological 
Institutional Scientific 

Collection (NBISC)

Collection of non-human 
specimens and space 

microbial culture

Biospecimen 
Sharing Program 

(BSP)

Dissection and 
preservation of 

rodent tissues from 
Flight and Ground 

investigations. 
Coordination of 

internal 
tissue sharing

Open-Source Science Programs
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Commercial Entities 
Mission science
Environmental

AI/ML
Training Models and feedback 

on ML ready data

New Discoveries
Enabling new publications and 

research through data reuse

Analysis Working Groups
Over 400+ members analyzing open 
science data

Training
Programs developed for high 
school and university students 

Data Repository & 
Visualization
Open access and curated data. 
Interactive visualization portal to enable 
knowledge discovery 

Data Submission and Workspace
Multi-project web-based submission portal
Workspace providing users file storage

OSDR
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Physiological/Phenotypic/Imaging/ 
Environmental Telemetry Data

Molecular/Omics Data

Biospecimens

NASA Open Science 
Data Repository (OSDR)

NASA’s Open Science Data Repository 

osdr.nasa.gov/bio

• Single Submission Portal (BDME)

• User Interface/Website Tool for RDSAs 
(Research Data Submission Agreements)

• Workspace

• Maximally Open Access with Necessary 
Controls for Sensitive Data

• Data Maximally FAIR 
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Single Submission Portal 
Standardization: Ontology and Linkages

Parameter Parameter Parameter Parameter

S_1 data

S_2 data

S_3 data

S_4 data

- Strain, age, sex, animal husbandry
- Radiation info, sample collection

Sample-Level Curation Assay-Level Curation

- How assay was conducted
- Specs of maze, tracking software details, microscope settings

Contribute and Work
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Open Science Data Repository
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%

GeneLab 
Assays

453
Studies

>55
Assays

45
Species

>150TB
Data

880
Datasets

ALSDA 
Assays

Ground
42%

High 
Altitude

3%

Spaceflight
55%

STUDY TYPE

Rodents
39%

Microbes
19%

Other
1%

Plants
15% Invertebrates

3% Fruit flies
3%

Fish
2% Cell Lines

43

Civilian
24

Astronaut
7

Human
18%

ORGANISMS

Behavior
26%

Histomorphometry
5%

Flow Cytometry
3%Light/Fluorescence 

Microscopy
23%

Confocal Imaging
5%

Mechanical Testing
3%

Micro-Computed 
Tomography

15%

Morphometric 
Photography

5%

pQCT
3%

Sprectrofluorometry
3%

Tonometry
3%

Ultrasonography
3%

Western Blot
3% ALSDA 

Assays

ESA, 33

JAXA, 24

ISRO, 2CSA, 2

CNSA, 3

CNES, 2

DLR, 16

ASI, 9

ROSCOSMOS, 7

BIRA, 5 AEE, 4 SRON, 1 UKSA, 1

INTERNATIONAL STUDIES
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• Credit: Chris Mason’s Lab; Overbey et al., 2023
• In Peer Review at Nature

Engaging with commercial entities: I4 Human Data into OSDR

Request Process inspired by NIH’s Database of Genotypes and Phenotypes (dbGaP)

1 43 65 72
Request button
In OSDR

Data Request Package
w/ Data Use Agreement

PI Verification Review Board by
Stakeholders

Approved/Denied Secure Transfer Access removed at 
end of IRB



Visualization Applications
MULTI-STUDY VIZ

RADLAB

ENVIRONMENTAL DATA APP
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A coordinated package of 29 
scientific papers published in five 
Cell Press journals  featuring 9 
papers utilizing data or resources in 
GeneLab. High impact research 
highlights.

Re-use of Data and Enabling New Discoveries
60+ publications (12 publications produced by the AWGs) using data available in GeneLab. 



Maximizing Scientific Return
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Primary 
Investigation

Dissections Tissue 
Storage

Tissue Request Analysis and Publication

Submitted & Curated Datasets

PI Results

• Combined omics & phenotypic data: RR-9, RR-1 
data

• Qlattice xAI (explainable AI) study showing 
      which omics drive the phenotypic
• New results & publication forthcoming!

Data Reused

Kevin Li and Riya Desai, AI4LS Working Group
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ANIMAL
104 members

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

PLANTS
88 members

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

MICROBES
98 members

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

MULTI-OMICS
307 members

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

ALSDA
138 members

Feedback on science data and metadata 
standards for physiological, phenotypic, and 
behavioral datasets to be reusable. Datasets 
span from raw to processed-results data, and 
across tabular, bioimaging, and video 
formats.

AI/ML
96 members

Focuses on developing data AI-readiness 
guidelines, algorithm and automation 
development, and developing ethical 
guidelines to increase trust and explainability 
surrounding AI in space biology.

Open Science Analysis Working Groups
Consist of 500+ scientists from multiple space agencies, international institutions, and industry. Scientists meet monthly with each group to provide feedback, 

develop standards, and analyze data.
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A Brief History of the Open Science AWGs

MB    GB    TB

Data 
Size

Data Access

HIGH

MEDIUM

LOW

2016

2018

2019-2021
~20 Members

4 AWGs

~150 Members
5 AWGs

2023

~500+ Members
6 AWGs

Needs Consensus 

and Standards;

AWGs Are Born

Needs Consensus

First Viz Tool

Needs Normalization 
Consensus and Data 
Standards
(Low Batch Effect) 

NEW KNOWLEDGE – AI/ML OPPORTUNITY



Enabling our scientific community

13

GL4U Indirect 
ApproachGL4U Direct Approach

MSI/HBCU Students

2021 – Space biology & RNAseq
• Virtual 1-week long bootcamp with 14 SJSU students 
• Collaboration with USRA/SJSU; SJSU compute system
• Space biology- and RNAseq-specific lectures and hands-

on instruction using Jupyter Notebooks (JNs) 

2023 – Space biology & Amplicon Seq
• In-person 4-day bootcamp with 20-40 CSULA students 
• Collaboration with JPL/CSULA; NSF ACCESS compute 

system
• Space biology- and Amplicon Seq-specific lectures and 

JNs

2022 – Space biology & RNAseq
• Virtual ~1.5-week long bootcamp 
• Collaboration with JPL; SMCE compute system
• 6 professors and 4 graduate students from 4 

HBCUs/MSIs 
• Space biology- and RNAseq-specific lectures and hands-

on instruction using JNs 
• Resources to teach at home institution

GL4U Indirect Approach
MSI/HBCU Educators
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NASA’s 2023 Year of Open Science
NASA's Transform to Open Science (TOPS) is a $40 
million 5-year mission to accelerate adoption of open 
science that kicks of with the NASA’s 2023 Year of 
Open Science

Objectives:
● Increase understanding and adoption of open science
● Accelerate major scientific discoveries
● Broaden participation by historically underrepresented 

communities 

TOPS Email List TOPS Website

2027 Goals:
• 20K earn Open 

Science Badge 

• 5+ major discoveries

• Increase participation 
of underrepresented 
groups by 2x 
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In-situ Analytics & 
Hardware

“Self-driving” 
Automated Labs

Biomonitoring &
Precision Space Health

Remote Data 
Management Machine

Learning

Basic Biological Discovery

Large Pre-trained Models

Data 
Standardization
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Space Biological Data Challenges
• Small sample n
• High feature count
• Heterogeneous data
• Sparse data
• Transfer from model to human

High dimensional 
sequencing data

50,000 genes

30 samples

Sample 1
Sample 2

…
Sample n

Gene expression 
matrix

SNP
matrix

Environmental
variables

Drug
treatment Histology

Space biological data analysis challenges
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Space Biological Data Challenges
• Small sample n
• High feature count
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sequencing data

50,000 genes

30 samples

Sample 1
Sample 2

…
Sample n

Gene expression 
matrix
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Space biological data analysis challenges
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Space Biological Data Challenges
• Small sample n
• High feature count
• Heterogeneous data
• Sparse data
• Transfer from model to human

High dimensional 
sequencing data

50,000 genes
30 samples

Sample 1
Sample 2

…
Sample n

Gene expression 
matrix

SNP
matrix

Environmental
variables

Drug
treatment Histology



AI/ML 
Modeling

§ Predictive
§ Hypothesis Driver
§ Countermeasure
§ Repurposing

Basic Tools
§ Computational Analysis

§ Cross-Experiment Analysis
§ Meta Analysis

§ Data Visualization

FAIR and Open Data

§ Metadata: Investigation, Study, Assay
§ Outputs: Raw, Processed

§ Mission-Payload: Environmental, 
Telemetry

AI for Life in Space working group: AI4LS
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Leveraging ML and AI 
methods to model space 
biology data from the NASA 
Open Science Data 
Repository to better 
understand the complex 
effects of spaceflight on 
living systems across 
hierarchical biological 
levels.

Space-relevant
Data

osdr.nasa.gov

AI4LS



20NASA Science Mission Directorate
James Casaletto & NASA GeneLab | Radiation Biophysics Lab, NASA ARC

Biological benchmarking datasets
• NASA Science Mission Directorate effort
• Each Division provides ML-ready datasets to benchmark new 

methods
• Common data types in each domain
• Biological and Physical Sciences provided 2 datasets:

• RNA sequencing
• Fluorescence microscopy

• Publicly available on Amazon Registry of Open Data

RNAseq Dataset

Microscopy Dataset

Ø BPS Microscopy benchmark dataset formed the 
basis for UC Irvine CS175 senior ML projects

Ø Real-world scientific data inspired the students 
Ø ML-ready dataset allowed students to spend time 

on ML rather than preprocessing 
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AI/ML Architecture to Support Deep Space Mission Goals

Scott et al., Nature Machine Intelligence 2023
Sanders et al., Nature Machine Intelligence 2023

Scott et al. Sanders et al.
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THANK YOU!

osdr.nasa.gov/bio

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

ALSDA is funded by the NASA Space Biology Program 
within the NASA Science Mission Directorate’s (SMD) 
Biological and Physical Sciences (BPS) Division and NASA 
Human Research Program (HRP)

genelab.nasa.gov

@NASAGeneLab

facebook.com/NASA.OSDR 
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