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NASA BPS Open Science Enterprise Solution: genelab.nasa.gov
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GL generated PI Submitted External 
Databases Publications

Federated Search, 
Data/Metadata 
Search

No SQL database Cloud Customized 
web apps

Data 
Repository

Environmental 
Data

Collaborative 
Workspace

Analysis 
Platform

Visualization 
Platform

• Multiple data sources
• Standard metadata organization
• Open file formats

• Federated search – GEO, PRIDE, MG-
RAST, ALSDA

• Database & Cloud – Scalable, easy 
access, fast

• Web apps
• Data Access & Management 
• Security
• Operation
• Governance and Integration

• Open Source software – no 
maintenance cost for software

• Open access data
• FAIR (Findable, Accessible, 

Interoperable, Reusable)
• Controlled access tools
• API - internal and external
• User Friendly Interface 
• Tutorials
• Self-service Submission Portal



GeneLab Omics Data Democratization

Data TypeCommunity
Citizen Scientists

Biologists

Data Scientists
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Disease 
states

Pathway changes

Differential expression

Raw Data, mapped reads



335
Studies

>10
Assays

45
Species

>135TB
Data

371
Datasets
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Ground
43%

High 
Altitude

2%

Spaceflight
55%

STUDY TYPE

Rodents
38%

Microbes
21%

Human
19%

Plants
12%

Invertebrates
4%

Fruit flies
3%

Fish
2%

Other
1%

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%

Microarray
58%

RNA-seq
42%

Transcriptomics
69%

ASSAY TYPE

27 LOW DOSE RADIATION 
STUDIES IN GENELAB 

DATABASE
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From multiple databases to a knowledge-based system

Knowledge Graph Models

Causal Inference Models

Knowledge-
based Predictor

External Patient DB
(e.g. NIH, DOD,…)

Human phenotypes

Heterogeneous 
Data

+ 
Environmental 

Data

Omics data

Non-Omics 
data

ALSDA
MODELING PORTAL  (AI/ML)

OPEN SCIENCE 
Submission 

Portal



Open Science for Life in Space
genelab.nasa.gov
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Da
ta
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or

ta
l •First multi-omics space 

related database
•335 publicly available 

studies
•High-order data for 

transcriptomics and 
metagenomics studies

•Spaceflight 
environmental data 
associated with 
sample metadata 
(radiation dosimetry, 
temperature, 
humidity)

•High-order Data 
visualization Portal

To
ol

s •User friendly 
submission portal to 
submit and publish 
data

•Analysis platform to 
tools and workflows to 
analyze your own data 
or data from the 
GeneLab repository. 

•Tutorials and online 
resources to learn how 
to analyze RNA-Seq 
data

•Workspace to store, 
share, and organize 
data files

Se
qu

en
ci

ng •State-of-the-art 
sequencing facility to 
process spaceflight 
samples

•Optimized SOPs with 
standard processing 
workflow

•Provide sequencing 
service for NASA 
funded PI without any 
university overhead

•Generate high quality 
data from shared 
tissues for open 
science access

Co
m

m
un

ity •Analysis Working 
Groups comprised of 
over 100+ scientists 
worldwide 
collaborating and 
analyze space omics 
data.

•Education Working 
Group focused on 
providing resources to 
educators and 
students to learn 
about space biology 
and bioinformatics



Low dose data are highly relevant for 
NASA space missions
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Environmental 
Data

ISS Mouse Astronauts
Duration 30 days 180 days

Dose solar min 1.2 cGy 7.2 cGy

Dose solar max 0.6 cGy 3.6 cGy

0.
2-

0.
4 

cG
y/

da
y

GCR dose highest at solar min

Space flight data:
Low dose rate: 0.2-0.4 cGy/day
& Low dose: <10 cGy



HRP and DOE Low dose funded research – All 
dataset are assigned a DOI (FAIR database)
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Mouse variability and genomic associations 
with radiation responses

Predicted 
protein-level 
impact

5 inbred strains
10 Collaborative Cross 

strains

3 male, 
3 female 
each

GWAS

Cultured 
fibroblasts

• 56Fe (600 MeV/n)
• 40Ar (350 MeV/n)
• Gamma rays, 0.1 Gy & 1 Gy

2 fluences
(1 and 3 particles/100 um2)

4h & 24h post irradiation
• DNA DSB – 53BP1+ foci

Target genes

Low dose 
animal model 
developed by 
Lawrence 
Berkeley 
National 
Laboratory Low 
dose program
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Data 
Repository

Different strains for GWAS are easily visible in 
sample tables 
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Data 
Repository

Assays are selectable
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Data 
Repository

ALSDA non-omics histology data are linked to 
GeneLab via the assay selection



53BP1
0 cGy, 4 hours post-IR, 360 KV Xray

53BP1
10 cGy, 4 hours post-IR, 360 KV Xray
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Data 
Repository

Images can be accessed via ALSDA (work in 
progress)
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Data 
Repository

All peer-reviewed publications associated to 
dataset are listed
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Data 
Repository

Data file manager allows access to all levels of 
data (from raw to processed)



Low dose radiation transcriptomic 
data can be visualized

GLDS-153: Non-targeted effects of low dose 
ionizing radiation act via TGF-beta to promote 
mammary carcinogenesis

GLDS-80: Response of mammary tissue to high-
LET HZE particle radiation or low-LET gamma-rays

Visualization 
Platform

Example: Barcellos-Hoff Lab low dose data
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Visualization 
Platform

Low dose radiation transcriptomic 
data can be visualized

1 cGy5 cGy

7.5 cGy

10 cGy

Wu P, Coleman M, Wyrobek AJ. "Low dose ionizing radiation 
treated lymphoblastoid cells", GeneLab, Version 3, 
http://doi.org/10.26030/hs0p-6w85
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FDL-2021
SPACE MEDIC 

Lauren Sanders, Ph.D.
AI/ML Scientist

GeneLab

CRISP Causal Inference 
Model

MODELING PORTAL  (AI/ML)



GeneLab radiation data: enabling AI/ML 
meta-analysis

GSE124612: Transcriptomic responses in mouse blood 
during the first week after in vivo gamma irradiation 

GSE62623: Gene expression in mouse blood 
following low dose-rate or acute x-ray exposure

Combined Dataset:
• ~25,000 human-mouse gene homologues
• 455 total samples

• Gamma irradiation or non-irradiated controls: 
• ex vivo irradiation of human blood samples
• in vivo irradiated mouse whole blood

Merge datasets

Gene-homologue mapping

Data normalization

Combined cross-organism 
radiation exposure dataset

Data Pipeline:6 individual radiation exposure gene expression datasets:

0.3 Gy – Cs-137

0.5 Gy – gamma ray

2 Gy – Cs-137

0.5 Gy – gamma ray

1.5 Gy – gamma ray

1.1 Gy – X ray



Causal inference in complex biological data

Generalizable to different 
data types with the ability to 
learn causal drivers of any 
feature within a dataset

Automated dimensionality 
reduction using machine 
learning selects the most 
important input variables for 
causal analysis

An ensemble of causal 
inference models “votes” on 
the selection of causal 
features

CRISP Platform Overview

Developed by FDL Astronaut Health 2020 Team
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Top 20 features

Mouse
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Human

TARGET: radiation state (irradiated or control)
CRISP identifies features that are causal of a target variable

Cancer genes



Conclusions

• Low dose data are relevant to space flight 
missions
• The NASA Open Science Database system 
from Space Biology is well suited to ingest low 
dose DOE data (omics and non-omics)
• The usage of FAIR principles for GeneLab and 
ALSDA (Findable, Accessible, Interoperable and 
Reusable) facilitates meta-analysis and enables 
modeling of radiation risk

NASA Open Science Data Systems
The Division of Biological 

and Physical Sciences (BPS)
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