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Reusable Data Essential for Basic, Applied Science, Operational Outcomes

Analysis 
Across 

Missions

Novel Ecosystem, Platform, Countermeasure 
Development, Health Risk Quantification

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

Berliner et al., 2022 Communications Engineering;
Everroad et al., 2021 https://ntrs.nasa.gov/citations/20210023324)  

Involve the World in Spaceflight

Knowledge Discovery
Telemetry for 
Biomedical 

Context

Across Hazards

Across Species, 
Multimodal Data 

Types

Longitudinal, 
Biomonitoring, & 

Experimental 

Enable Informatics, AI/ML, KG, DAG, 
AOP, Omic-Phenotypic Conclusions

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
https://ntrs.nasa.gov/citations/20210023324


3NASA OSDR – By The Numbers

509
Studies

>65
Assays

45
Species

>160TB
Data

969
Datasets

PHYSIO-PHENO

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

103
Original 
Publications 
linked to OSDR

89
Enabled 
Publications 
linked to OSDR

150+
Datasets used
in enabled
publications
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The Challenges of High Complexity, High 
Dimensionality, Low Sample Size Data

ML and Space Biology/Space Medicine
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https://genius.com/Biology-genius-the-central-dogma-annotated

broadinstitute.org
Genome
Epigenome

Transcriptome
Epitranscriptome

Proteome
Metabolome

• Traditional molecular biology studies a 
few genes or proteins at a time through 

• High-throughput sequencing (‘omics) 
gives a readout of the entire genome in a 
cell or tissue sample

Paradigm Shift in Biological Data Generation
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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

Space Biological Data Analysis Challenges
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sequencing data

50,000 genes
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Sample 1
Sample 2

…
Sample n

Gene expression 
matrix

SNP
matrix

Environmental
variables
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treatment Histology
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Bzdok et al., Nature Methods 2018; PMID: 30100822

STATISTICAL METHODS MACHINE LEARNING

• Draw conclusions from 
observed data (inference)

• Assume specific data 
distributions 

• Examples: hypothesis testing, 
correlative analysis

• Learn from data to make 
predictions on unseen data 
(prediction)

• Able to model nonlinear 
relationships without 
assuming a data distribution

• Examples: classification, 
regression, clustering

Complex (Biological) Systems Need Complex Models
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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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AI/ML 
Modeling

§ Predictive
§ Hypothesis Driver
§ Countermeasure
§ Repurposing

Basic Tools
§ Computational Analysis

§ Cross-Experiment Analysis
§ Meta Analysis

§ Data Visualization

Maximally FAIR and Open Data

§ Metadata: Investigation, Study, Assay
§ Outputs: Raw, Processed
§ Mission-Payload: Records, 
Environmental Data, Telemetry

Leveraging ML and AI methods 
to model space biology data 
from the NASA Open Science 
Data Repository: NASA 
GeneLab (omics) and NASA 
Ames Life Sciences Data 
Archive (ALSDA; phen-omics) 
to better understand the 
complex effects of spaceflight 
on living systems across 
hierarchical biological levels.

Space-relevant
Data

osdr.nasa.gov

“AI for Life in Space” Working Group: AI4LS
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Omic to Phenotypic ML Study – Rodent & Muscle

Kevin Li
UC Berkeley 
(Now MIT-

Harvard PhD)

- RR1 & RR9 Muscle Data
- Qlattice/Abzu
- Li et al., 2023; npj µG

In spaceflown mice, 
            
calcium uptake efficiency 
decreases in soleus muscle... 
                          
but increases in tibialis 
anterior muscle  

Fe
at

ur
es

Li et al., 2023; PMID: 38092777 

OSDR Datasets:
OSD-104
OSD-105
OSD-488
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Omic to Phenotypic ML Study – Rodent & Liver
James 

Casaletto
BMSIS/AI 
for Life in 

Space

- Transcriptomics & Histology
- Part of 2024 Nature Package
- In review: Scientific Reports

Casaletto et al., 2023 pre-print rsrch sq 
https://doi.org/10.21203/rs.3.rs-2332064/v1 

OSDR Datasets:
OSD-47, OSD-48

OSD-137, OSD-158
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Open Access Course to Learn AI/ML for Space Biology 
Training in Artificial Intelligence and Machine Learning for Space 
Biological Sciences Using NASA Cloud-Based Data, 2023-24

Summer of AI synchronous training
On-Demand, Public, Free Asynchronous

• 141 HS Students
• 7 TA’s
• 8 Lectures
• 9 Jupyter Notebooks
• 4 quizzes

Pre-recorded lectures

Quizzes

Interactive Python Notebooks

James 
Casaletto

BMSIS/
AI4LS

Lauren
Sanders

Ames/
AI4LS

Sign-up!
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Transfer Learning: Pretrained Models
• Deep learning model 

architecture: scBERT: 
encoder-decoder 

• Self-superviused on unlabled 
data

Large Pre-trained Models to Connect Biomedical Knowledgebases with Small Spaceflight Datasets

• Pretrained a large encoder to 
learn gene-gene interaction 
networks

• Tested the trained model on a 
downstream, supervised task 
using a tiny space biology 
dataset

• Pretrained model outperforms 
traditionally trained model

• Future vision: “model zoo” of 
many pretrained models 
available to the space biology 
research community 

Lauren
Sanders

Ames/
AI4LS

Kevin Li
UC Berkeley 
(Now MIT-

Harvard PhD)
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Using LLMs for OSDR Chatbot, Curation 

Walter 
Alvarado

NASA Ames

Automated Data Alignment & Verification

Conversational Agents: Employs 
an LLM to enable efficient data 
retrieval and user assistance

Aiding Discoverability & Searchability

Levenshtein 
Distance: Measures 
the difference 
between two 
sequences. 
LLM Matching: 
Leverage LLM to find 
semantic matches.

Customizable Match Threshold: 
Users can set a threshold for what 
constitutes a match
Application for OSDR/NBISC: 
• Curators can auto-populate 

relevant metadata from incoming 
datasets against standardized 
template



20

July 18, 2024 – #COSPAR2024
ryan.t.scott@nasa.gov

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



21

July 18, 2024 – #COSPAR2024
ryan.t.scott@nasa.gov

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



22

July 18, 2024 – #COSPAR2024
ryan.t.scott@nasa.gov

RNA Sequencing Benchmark Dataset
Scientific motivation: Effects of spaceflight on mouse liver health

GeneLab 
Data Set Tissue Spaceflight 

Mission
47 liver RR1 CASIS
48 liver RR1 NASA

168 liver RR1 NASA
RR3 CASIS

137 liver RR3 CASIS
173 liver STS-135
242 liver RR9
245 liver RR6

Real dataSynthetic data

NASA Science Mission Directorate
James Casaletto & NASA GeneLab

Sample n 

Gene expression 
matrix

112 samples

30
,0

00
 g

en
es

Gene expression 
matrix

6832 samples30
,0

00
 g

en
es

for synthetic 
samples

for statistical 
replicates

Gaussian 
noise

Generative 
Adversarial 

Network (GAN) AI readiness 
pipeline:
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Fluorescence Microscopy Benchmark Dataset
Scientific motivation: simulated space radiation causes cellular DNA damage

15 mouse 
strains

Simulated galactic 
cosmic rays

Fibroblasts

• 53PB1+ 
immunocytochemistry

• High-throughput imaging
• Automated quantification 

of 53 PB1+ radiation-
induced foci

Penninckx et al. Radiation Research 
2019

Raw Dataset (n = 94,193): 
32-bit Z stacks (9 indices)

Max Intensity Dataset 
(n=94,193):

16-bit single-index TIFFs

maximum 
intensity 

projection

16-bit 
conversion

automatically 
estimated nfoci

AI readiness pipeline:

nfoci10++
+ Labels:

• nfoci (number of 
53BP1+ DNA 
damage foci)

• Radiation (X-ray, 
56Fe…)

NASA Science Mission Directorate
Radiation Biophysics Laboratory, NASA ARC
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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
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Hardware for ML-enabled in-situ Data Collection and Analysis 

27

NVIDIA Jetson 
edge AI and 

robotics 
platform

HPE’s Spaceborne Computer

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
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Federated Learning Using In-Space Data (FLUID) 

Pre-positioned ultrasound echocardiogram 
data

Used binary classifier to predict dose 
(HI/LO) from aorta performance metrics 
(e.g. heart rate, volume, velocity))

Federation survived Loss of Signal!

OSDR Dataset:
OSD-435

James 
Casaletto
BMSIS/AI 
for Life in 

Space
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ML-enabled Automated Science & “Self-Driving” Labs

• “Self-driving” automated laboratory capabilities enable in-situ data collection
• Active learning & edge computing would allow in-situ data analysis

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
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ML Approaches to Support Remote Data Management

• ML methods such as federated learning, 
transfer learning, and few-shot learning 
support deep space data transfer

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
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ML-Enabled Biomonitoring Approaches

• Multi-layered monitoring of spacecraft and 
habitats & in-situ computing capabilities for real-
time recommendations

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
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OSDR’s AI/ML Analysis Working Group

Join the 
AWG!

OSDR AWG 
Forum-Space
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ML-Aided Precision Space Health System

• ML to support modeling, prediction and recommendations for a Precision Space 
Health system for real-time decision-making in deep space

Scott et al., 2023 https://rdcu.be/c8jSO; 
Sanders et al., 2023  https://rdcu.be/c8jSS

https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
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Stakeholders-Management
NASA Space Biology Program

NASA Biological & Physical Sciences Division
NASA Science Mission Directorate
NASA Human Research Program

NASA Postdoctoral Program

Friday, 7/19, 
10:10-10:30a
F5.2 – Room EC1-211

Elucidating the Spectrum of 
Human Radiosensitivity: A 
Five-Year GWAS Analysis of 
Blood Cell Response to 
Simulated Space Radiation

Sylvain
Costes

Thursday, 7/18, 5-6:30p
Poster – EC1-Hall1, ID 
TWT-325

NASA Open Science Data 
Repository for Space Biology 
Data Access

Ryan
Scott

Collaborators
All 2021 AI/ML Workshop Participants

Open Science AWG Members

July 16, 2024 – #COSPAR2024
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AI for Life in Space
• Walter Alvarado
• James Casaletto
• Lauren Sanders
• Sylvain Costes

Radiation Biophysics Lab
• Egle Cekanaviciute
• Connie Pasternak
• Sylvain Costes

NASA Center for 
Climate Simulation;
Science Managed 
Compute 
Environment
• Aaron Skolnik
• Andre Avelino 
Paniagua

• Ellen Salmon
• Daniel Duffy


