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Data: Maximally Open and Reusable for Life and Humans to Thrive in Deep Space

Knowledge Discovery

Cell |

‘Comprehensive Multi-omics Analysis Reveals

Mitochondrial Stress as a Central Biological Hul
Spacefiight Impact

Multidrug-resistant Acinetobacter pittii
is adapting to and exhibiting potential
succession aboard the International Space
Station Microbiome

Braden T. Tierney", Nitin K. Singh?/, Anna C. Simpson?, Andrea M. Hujer*, Robert A. Bonomo’
Christopher £ Mason™ and Kasthuri Venkateswaran®
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Functional Meta-Analysis of the Proteomic of

Arabidopsis Seedlings to the Spacefli

Reveals Multi-Dimensional Sources | gcientific reports
Spaceflight Experiments
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the Arabidopsis plant transcriptome
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Enable Informatics, AI/ML, KG, DAG,
AOP, Omic-Phenotypic Conclusions

Model development

Active and adaptive learning
Causal and network inference
Explainable Al

Federated learning

Few- or one-shot learning
Generative learning (synthetic datasets)
Knowledge graphs

Lifelong learning (living lab)
Out-of-distribution learning
Transfer learning
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Novel Ecosystem, Platform, Countermeasure
Development, Health Risk Quantification

~ In situ Resource Utilization Food and Pharmaceuticals

Carbon Nitrogen  Regolith Foodand Microbiome Microbial
Fixation Fixation Enrichment Medicine Engineering Nutrition
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Human Health
and Performance

Space

Involve the World in Spaceflight
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Active mission environment data
Al-assisted metadata harmonization
mpl Automated analysis
Off-world Space data center
Crewed labs

Autonomous labs
+ Edge-computing - Experimental data
- Experimental data + Vehicle data
+ Environmental data
Crew health
Crew health « Precision space health
- Precision space health
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Open science data repositories
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w experimental data

Experimental envlronmen(al data
Al-enhanced analyt
Data standards
Open science
Public

Education/training
Citizen science



https://rdcu.be/c8jSO
https://rdcu.be/c8jSS
https://doi.org/10.1038/s44172-022-00012-9
https://ntrs.nasa.gov/citations/20210023324

All Relevant Data for Biological, Biomedical, Health, Telemetry Analytics

Physiological/Phenotypic/Imaging/ | NASA Open Science
Environmental Telemetry Data i Data Repository (OSDR)
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- Single Submission Portal

- User Web-Interface Tool for Research
Data Submission Agreements

- Maximally Open Access

- Request Feature for Restricted Data

- Analytical Tools (Enables More Users)

- Data Maximally FAIR
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Studies

830

Datasets

>55

Assays

>150TB

Data

NASA Open Science Data Repository

Genome-Wide
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L
A Buffet of Data: From Raw Sequence Data to Imaging to Videos

Characterization of Biofilm Formation, Growth, and Gene Expression on Different Materials and Environmental Conditions in
Microgravity (Morphology of Penicillium rubens biofilms)

Organisms Factors Assay Types Release Date Description
Study Spacefiiaht Microorganisms' natural ability to live as organized multicellular
0OSD-628 - P 9 . Molecular Cellular communities — also known as biofilms - provides them with
Penicillium rubens Growth Environment X 12-Sep-2023 X . . L
Time Imaging unique survival advantages. For instance, biofilms are

protected against en...

_

_ ——

oz ooz o2 2

Artificial gravity partially protects space-induced neurological deficits in Drosophila melanogaster

Organisms Factors Assay Types Release Date Description
Spaceflight poses risks to the central nervous system (CNS),
Stud: Drosophila Altered Gravi and understanding neurological responses is important for
P . y Behavior 25-May-2023 . 9 9 P . P .
0OSD-595 melanogaster Spaceflight future missions. We report CNS changes in Drosophila aboard

the International Spa...

[ Protocols S

Mocuie 1 Mode | witte Wi Tpe Whele Organism

Voasa2 voasnz wine wape [ »

voases voasns wine waape [

Module 4 Module 4 witis Wid Type Whole Organism - - B . “
i = Module 5 Modue 5 wit1s Wid Type Whole Organism

Feb 13, 2024 — #HRPIWS
ryan.t.scott@nasa.gov




Open Science OSDR Analysis Working Group: ~600 Members Worldwide

ANIMAL

128 members

/ﬂ\ p * 342 members

PLANTS

121 members 138 members

MULTI- OMICS

MICROBIAL

(N

130 members
ALSDA
. (Physiological/BioMedical) 2
{:go 249 members v =

Feedback on Ingress/Egress Standards

Standards to Enable
Reuse/Data Mining

Ingestion, Curation,
Processing Standards
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RN S A
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Collaborate on Data Mining/Publications

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

https://osdr.nasa.gov/bio/data/publications.html



https://www.cell.com/c/the-biology-of-spaceflight
https://osdr.nasa.gov/bio/data/publications.html

Example of Open Science AWG Collaboration and Publication

Mission Exg: ;:;‘.1'::'?' Species Sex Background  GCR (mG) D““:::::n(d, C:Ial;n:::zn n Control DataSource Tissue 3‘:& RNA  Protein PTMs Metab c(':‘I:r:“ Morpho  Microbes
p Spaceflight Human Mix USA Unk 3 R+0 4 primnd Asisieal nu . . .
JAXA Spaceflight Human ¢ Japan Unk 120 L+120 6
NASA Spaceflight Human Mix USA Unk 180 L+120 66 F a p . //
Spaceflight Human & Russia Unk 199 R+1 10 F } \ () 3 5
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simGCRsim + Mgsim 500.0 ~1.5yrsim  PE+1 10 , " g _______ -og S D N 3 o
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[n=86] £ L
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RR-19 R+0 8 £ -
RR-23 R+1 9 U J &
E— - . "~ Wednesday, 11:35-11:50a
s Mo 30 1 5 Exhibit Hall B
: A 2
_ E / A PR - GeneLab Cosmic Kidney Disease: The Effects
* Renal/Kidney Research Rat \ 2 Ace T ks > of Spaceflight and Galactic Cosmic
« 53 datasets [n=30] g 1 e Radiqtion on Renal Structure and
« 5 continents of collaborators - Function
20 spaceflight missions & = ) Keith Siew
ground simulations Univ College London
AWG Member

(Credit: Keith Siew, Stephen Walsh, et al., 2024)




Engaging With Commercial Entities for Human Data into OSDR

INSPIRAT|

Upcoming Nature Portfoli
‘14/JAXA/SB Package’

14 Image Credit: Chris
Mason’s Lab;

Overbey et al., 2024

In Peer Review at Nature

4) N

Chris Mason Eliah Overbey
Weil Cornell Medicine

Skin, Oral, Nasal

Swabs
Blood s
Plasma Capsule

0SD-570 _ |[  0OsD-571 ][_0sb-572 ][ 0SD-573

GLDS-562 GLDS-563 GLDS-564 GLDS-565 GLDS-566 LSDs-8 GLDS-599 LSDS-64 GLDS-618

. i o i = i * Spatial Transcriptomics  * Compi o i * Immune Panel * CUT&RUN ChiCseq
Metabolic Panel
« Cytokine Panel
* Immune Panel

ore Direct RNAseq

afsnATACseq.
omics * SCTCR-seq/scBCR-seq  * i . riptomic
* RNAseq (short-read) - cfDNAseq

« Clonal Hematopoiesis - cfRNAseq

- Was

* Metatranscriptomics * Metagenomics
« Metatranscriptomics

LSDS-7
* Complete Blood Count

Credit on OSDR data graphic for slide: Amanda Saravia-Butler

Feb 13, 2024 — #HRPIWS24
ryan.t.scott@nasa.gov

IAS

InTerRNATIONAL INSTITUTE FOR
ASTRONAUTICAL ScIENCES

Q)

Commercial Sub-Orbital

Galactic-05 — Flew Nov. 2

«  Astroskin (ECG, systolic BP, heart
rate (HR), breathing rate (BR), skin
temperature, activity levels
(provided by 3-axis accelerometer)
and oxygen saturation in blood
(Sp02)

*  Blood Glucose Monitoring Device
Soon!

« Credit: Dr. Shawna Pandya

Shawna Pandya
[IAS Space Medicine



Maximally Open; Controlled Mgmt, Privacy Controls

The Continuum ® \2) & Y &) &) g
Pre-Submission Investigator Submits Signing Official Data Access Access Data Renew Project Close Out Project
Reviews Committee Reviews (Optional)

Request OSDR Data OSDR Review Board Approved/ Approved/ Access removed

Button Request Follows Up with Specific Denied Denied at end of IRB, or

clicked in Package sent with your Stakeholders Secure upon participant
Closed 0SD w/ Data Use institution (OSDR, Pls, etc)  Transfer request, o it

dataset Agreement conditions of Data
Use Agreement

(©) are violated
- Process inspired by NIH’s Database of Genotypes and Phenotypes (dbGaP)

Example of Mediated

Dataset Request Study Files

B Request Access to Restricted Files

OE=o0sD-683
Data should be as open as possible, O D3study Metadata Fes
as closed as necessary. OESANA-seq
B8 =Raw sequence data
Metadata can almost always be open. 8 B 6105596 ma-seq_raw_pheno Va.csv

a8 @ GLDS-596_rna-seq_Phenotypes_description.txt
a @ GLDS-596_rna-seq_Merged_GENO.txt

O Differential expression analysis data




Environmental Data App and RadLab
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1 year update slide; multi-study, 14, eda/radlab, security

Environmental Data App ~ Mission Comparison
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