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NASA Space Biology Open Science

Biospecimen
Sharing Program

NASA Biological Ames Life Sciences
Institutional Scientific J Data Archive (ALSDA)

Collection of non-human Collection and curation of

specimens and space mission, project, and

Dissection and microbial culture imaging data

preservation of
rodent tissues from
Flight and Ground
investigations.
Coordination of
internal
tissue sharing

NASA Internal Program Open-Source Science Programs




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

Commercial Entities
Mission science
Environmental

Data Repository &

Visualization

Open access and curated data.
Interactive visualization portal to enable
knowledge discovery

Al/ML

Training Models and feedback
on ML ready data

Programs developed for high
school and university students

&8 Analysis Working Groups
%‘%\& Over 400+ members analyzing open
o7 science data

New Discoveries
Enabling new publications and
research through data reuse




NASA’s Open Science Data Repository

NASA Open Science

Data Repository (OSDR)
osdr.nasa.gov/bio

Physiological/Phenotypic/Imaging/
Environmental Telemetry Data

g! * wﬁ.
D »

Molecular/Omics Data

* Single Submission Portal (BDME)

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

» Workspace
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« Maximally Open Access with Necessary
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Single Submission Portal

Contribute and Work

© Workspace
Workspace Fles Selected: 0
C Refresh
Drag and Drop a file onto a folder to upload the file to your w RDSA Experiments Studies
All Submitted In Curation In Review Public Private
O B dklopez S

0SD-569 : SpaceX Inspiration4 CBC Panel and Whole Blood Nanopore Direct RNA-seq (Gene Expression and m6A
u] B LSDS-55_ConfocalMicroscopy_flores_SUBMITTED.x] Epitranscriptome)

Status ~ Submitted Release Date [MEEPEPlzE]

O B Legend for module numbers.docx.zip

cipal Investigator SRS

O B MvP_Fy01_hardware.xisx

SUMMARY

The SpaceX Inspiration4 mission was a 3-day mission with four private astronauts to low Earth orbit that occurred in September 2021. The crew collected biospecimen samples before,
during, and after flight. One of these biospecimen collections included whole blood collected via venipuncture into PaxGene Blood RNA tubes (BD Biosciences, #762165), collected pre-flight
(L-92, L-44, L-3) and post-flight (R+1, R+45, R+82). Total RNA was purified from each tube and mRNA was sequenced using the Oxford Nanopore Technologies direct RNA-sequencing kit on
the PromethlON. Data was used to generate differential gene expression profiles and annotate sites of m6A modification.

1 Guided submission

B Study overview O Delete Revision

Standardization: Ontology and Linkages

Find an ontology

= Maze Learning
Elevated Plus Maze Test
Morris Water Maze Test
Open Field Test

Spatial Navigation
Spatial Processing
Territoriality

Enter a class, e.g. Melanoma

Start typing ontology name, then choose from list B
: = Spatial Behavior
BioPortal # Crowding
# Orientation, Spatial
Personal Space
semenfora s = Spatial Learning
Q]

Advanced Search

Sample-Level Curation

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

Assay-Level Curation

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

Parameter Parameter | Parameter Parameter
S 1 data Source Name Sample Name. Characteristics: Organism Characteristics: Strain ~ Comment: Animal Source Factor Value: Spacefi
B1 B1_RAT1_Femur Rattus norvegicus Fischer 344 ?:::’m"':) Biosciences g cal Control
S_2 data .
= B2 B2_RAT2_Femur Rattus norvegicus Fischer 344 Taconic Biosciences o 1 control
(Farms)
Taconic Biosciences
S_3 data B3 B3_RAT3_Femur Rattus norvegicus Fischer 344 Forms) Basal Control
B4 B4_RAT4_Femur Rattus norvegicus Fischer 344 Taconic Biosciences g o1 Gontrol
(Farms)
S 4 data Taconic Biosciences
B5 B5_RAT5_Femur Rattus norvegicus  Fischer 344 oy Basal Control

Te Bi
B6 B6_RAT6_Femur Rattus norvegicus  Fischer 344 (::z:':) 10SCIeNCes  gasal Control

Taconic Biosciences

[cle] GC1_RAT13A_Femur Rattus norvegicus Fischer 344
(Farms)

Ground Control

Taconic Biosciences

Gec2 GC2_RAT13B_Femur Rattus norvegicus Fischer 344
(Farms)

Ground Control

Taconic Biosciences

[clex] GC3_RAT14A_Femur Rattus norvegicus Fischer 344

Ground Control

Scanco mCT40 scanner
Technology Type:
Micro-Computed Tomography
Select Export Columns -
Parameter Value: Volume  Parameter Value: Volume  Parameter Value: Volu
sample Name Protocol REF Parameter Value: Scanner
Of Interest Location Of Interest Size: of Interest Location 2 m
Image Scan Cortical: Mid- Cancellous: Distal -
B1_RAT1_Femur 9° = Scanco mCT40 N 984 length micrometer :
- Acquisition Diaphysis Metaphysis
[ S Cortical: Mid- Cancellous: Distal
B2_RAT2_Femur mage Sean Scanco mCT40 ortioal: M 984 length micrometer _2n o0 ous: Distal
- Acquisition Diaphysis Metaphysis
Image Scan Cortical: Mid- Cancellous: Distal
B3_RAT3_Femur M Scanco mCT40 984 length micrometer
Acquisition Diaphysis Metaphysis




453

Studies

830

Datasets

>55

Assays

>150TB

Data

Open Science Data Repository

STUDY TYPE INTERNATIONAL STUDIES

BIRA,5, AEE,4 SRON, 1

Spaceflight UKSA, 1

55%

Ground
42%

ROSCOSMOS, 7
ESA, 33

ASL,9

DLR, 16

. CNES, 2
High JAXA, 24
Alt;:;de CNSA, 3
' — ISRO, 2

Genome-Wide DNA
Association methylation
GeneLab Studies profiling
1% 6%  Whole genome
Assays sequencing
6% Metagenome
profiling
8%

Metabolite
profiling
1%
Protein
expression

Transcrlpgl(;/n profiling profiling
: 8%

RNA methylation
profiling
1%

ORGANISMS

Other Invertebrates o
1% | 3% Fruit flies

Microbes

Cell Lines
19%

43

Civilian
24

Astronaut
7

39%

Ultrasonography ~ Western Blot
3% 3%

ALSDA
Assays

Tonometry

3%
Sprectrofluorometry
3%

3%

Morphometri
Photography

Histomorphometry
5%
Flow Cytometry
Light/Fluorescence 3%
Microscopy
23%

Mechanical Testin
3%

Confocal Imaging
5%




Engaging with commercial entities: 14 Human Data into OSDR

INSPIRATI(4) N

Data Location

a SpaceX Inspirationd

Clinical/Biomarker
@ Public (OSDR/ALSDA)

Omic Data
@ Public (OSDR/GeneLab)
@ Controlled Access (OSDR/GeneLab, TrialX)

Spaceflight Omic and Medical Data Release

‘ Sample Type ‘
Pre-Flight Recovery Descriptive
Profile
Comparative Profile
Samples Assays 0 Diorontls
[whoe Genome Sequencing | @ | O [ [ O |
[Conaltiematopoiess | @ | O | [ TO  [/] | @ |
@[O0 O O] O/0 O O Wh ; i in Bi
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- | Comprehensive MetaboicPanel | @ |
Expressed Genes | @ | + RNA-Segflongread | [ snRNA-seq « Proteomics ||* Metagenomics + Metagenomics « Spatial + Comprehensive
Bl ovce  Isngetwceistacses | @O O Of | AccessivleChromain | @ _| + Epitranscriptomics | |+ ATAC-seq + Metabalome ||* Metatranscriptomics ||+ Metatranscriptomics Transcriptomics Metabolic Panel
% a @] O 1 [ @ | + Complete Blood . TCR/BCR Seq ||+ Mass Spec o o + Metagenomics + Cytokine Panel
[sngeceltacRses | @] O [ @ | Count : . cfDNA GeneLab Genelab + Metatranscriptomics ~
[Pocomics | @ | | ProteinAbundance | @ | o e, %! o Tl
@ | e T W Genglap  ALSDA Senglib g Genelab ALsox
DNA | @ | O @ | < ” GeneLab <<
[Poeomics | @ | ®) | ProteinAbundance | @ |
Dried Blood Spot[ eomerearck | @ | ®)
[Metagenome | @ | @) | Microbial Taxonomies & Functions | @ |
[Metatanscripome [ @ QO O O Q] | Microbial Gene Expression | @ |
[Metagenome | @O O O] O O[O[O O [V wicrobial Taxonomies & Functions | @ |
[Wetstanscripome | @ [O O O] O OJOTO O [/ meohaicenetxpression | @ | Assay Type
nscripomics | @ | © 1 TO[ ] Expressed Genes

Biopsy  [wetwgenome 00 [@] O 1 0000 TO[ /] wiobial TaconomessFuncions | @ ]
[ vetatranscrpome 1@ ] O | 1Ol /] Mcobaicenobpession | @ |

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

Access removed at
end of IRB

Secure Transfer

Review Board by
Stakeholders

Request button Pl Verification Approved/Denied

In OSDR

Data Request Package
w/ Data Use Agreement
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Visualization Applications
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Re-use of Data and Enabling New Discoveries

60+ publications (12 publications produced by the AWGs) using data available in Genelab.
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Maximizing Scientific Return

Primary
Investigation

Dissections

Tissue
Storage

(%l
GeneLab

L

Submitted & Curated Datasets

Craracteristics:
Sample Name Charsctarstos: Srain

wwwwwwwwwwwwwwwww

OSD-488 |Version2

g Characterizing SERCA Function in Murine
Skeletal Muscles after 35-37 Days of

saasee  Spaceflight from RR-1 and RR-9 (calcium

uptake and Western blot in soleus and tibialis

anterior)

Tissue Request

Analysis and Publication

nnnnnnnnn 1 Journal of
MI ular Sciences
Article

Characterizing SERCA Function in Murine Skeletal Muscles
after 35-37 Days of Spaceflight

Jessica L. Braun '3, Mia S. Geromella 23, Sophie 1. Hamstra 123, Holt N. Messner '2* and Val A. Fajardo 123*
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Data Reused

Soleus (SOL) Muscle Data:

* Proteomics (quantitative mass spectrometry)
* Transcriptomics (bulk RNA-seq)

* Epigenomics (DNA methylation)

« Calcium Reuptake

Tibialis Anterior (TA) Muscle Data:
» Transcriptomics (bulk RNA-seq)

» Epigenomics (DNA methylation)

« Calcium Reuptake

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

G; “’: I; GenelLab Datasets: GLDS-104, GLDS-105
eneLa
.7 ALSDA Datasets: GLDS-488

Qlattice xAl (explainable Al) study showing
which omics drive the phenotypic
New results & publication forthcoming!

Kevin Li and Riya Desai, Al4LS Working Group




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,

ANIMAL |

104 members /H\ p

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

develop standards, and analyze data.

MULTI-OMICS

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

307 members

MICROBES

98 members g‘

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

............................................................. i e I e T
L n

PLANTS QM

88 members '

Share and discuss the

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

S

Focuses on developing data Al-readiness
guidelines, algorithm and automation
development, and developing ethical

guidelines to increase trust and explainability
surrounding Al in space biology.

96 members

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.



A Brief History of the Open Science AWGs

NEW KNOWLEDGE - Al/ML OPPORTUNITY
Data Access

Needs Normalization
~150 Members Consensus and Data
Standards
(Low Batch Effect)
HIGH EEEE NN NN EEEEENEEEEEERERE
~500+ Members
6 AWGs
MEDIUM

~20 Members
4 AWGs



Enabling our scientific community

GL4U Direct Approach
MSI/HBCU Students

0.0.0
020202050

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 Seqg-specific lectures and
JNs

GL4U Indirect Approach
MSI/HBCU Educators

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
 Resourcesto teach at home institution




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:
e Increase understanding and adoption of open science

e Accelerate major scientific discoveries
e Broaden participation by historically underrepresented
communities

2023
YEAR OF
OPEN SCIEN

TOPS Email List

.




Basic Biological Discovery

Biomonitoring & ) AN -
Precision Space Health | |§ [§ [} /- - QT Large Pre-trained Models

Remote Data i Data
Management Machine Standardization
Learning
“Self-driving” In-situ Analytics &

Automated Labs Hardware




Space biological data analysis challenges

High dimensional
sequencing data

)

sauab 00005

 Smallsamplen 30 samples
* High feature count




Space biological data analysis challenges

High dimensional
sequencing data

sauab 000°0S

30 samples

Drug Environmental

treatment variables Histology

Gene expression SNP
matrix matrix

* Heterogeneous data
- Sparse data P

Samplen



Space biological data analysis challenges

High dimensional
sequencing data

 Transfer from model to human

Sample 1
Sample 2

Sample n

Gene expression SNP Drug Environmental

matrix matrix treatment variables Histology




Al for Life in Space working group: Al4LS

(B AN
Genelab| ALSDA:

<

Al/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

= Qutputs: Raw, Processed

= Mission-Payload: Environmental,
Telemetry




Biological benchmarking datasets

[=] 33 [m]

* NASA Science Mission Directorate effort ﬁi:
* Each Division provides ML-ready datasets to benchmark new m

methods RNAseq Dataset
« Common data types in each domain
* Biological and Physical Sciences provided 2 datasets:
* RNAsequencing
* Fluorescence microscopy
* Publicly available on Amazon Registry of Open Data

"

/ul]]ll" “!"w
f

ﬂ!ﬂ ““1

,,rr"

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

A\

Real-world scientific data inspired the students

ML-ready dataset allowed students to spend time |
on ML rather than preprocessing

A\




Al/ML Architecture to Support Deep Space MlSSlon Goals

NALUre = Features Researchand reviews Sponsor f

nature machine intelligence

Review article https://doi.org/10.1038/s42256-023-00617-5
Biomonitoring and precision healthin deep Poweringup 4%
space supported by artificial intelligence T i s

|

I nature machine intelligence

Received: 23 December 2021 RyanT. Scott®'%2, Lauren M. Sanders ®>*2, Erik L. Antonssl

Review article https://doi.org/10.1038/s42256-023-00618-4

Biological research and self-drivinglabsin
deep space supportedby artificial intelligence

Scott et al.
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Go Ie 7 IS/IOeléigtu(l)i Icahn “ Driven to Discover *
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N ational Laborator ry B ALABAMA AT BIRMINGHAM TR

HOPKINS “qﬁ RUTGERS Medicine at ¥ o
S C Mount ici

UNIVERSITY New Jersey Medical School MlCHIGAN STATE a I tech Sinai UNF Hg%ﬁi?&:{m, Med|C|ne

Received: 23 December 2021 Lauren M. Sanders ®'%2, Ryan T. Scott®%%2, Jason H. Yang ®3%, Amina Ann Qutub®,




THANK YOU!

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