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Open Science

“We define open science as a collaborative
culture enabled by technology that
empowers the open sharing of data,
information, and knowledge within the
scientific community and the wider public
to accelerate scientific research and
understanding

Ramachandran, R., Bugbee, K., & Murphy, K. J. Moving from Open Data to Open Science.
Earth and Space Science, Wiley Publication. https://doi.org/10.1029/2020EA001562




Space Biology

To pursue safe and successful space exploration
Space Biology investigates five elements:

Microbes




NASA BPS Open Science

NASA Biological Ames Life Sciences Y/ |
Institutional Scientific @ Data Archive (ALSDA) g

Biospecimen
Sharing Program

Collection of non-human Collection and curation of

specimens and space mission, project, and
microbial culture imaging data

A,

Dissection and

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

NASA GenelLab (GL)

Collection and curation of omics data

NASA Internal Program  Open-Source Science Programs



Collaborative Tool
Data exchange & security
Communication network

Community Driven

Reference Missions

Space biology
Standard measures

Mission & Telemetry
Mission science
Environmental

Open Science Tools
Image & video processing
Viewer

Data Management
Digital notebooks
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Al guided diagnostics
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Sample processing
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osdr.nasa.ov/bio

that is helping u!{p
into deep space,

Data Repository

Explore

Open Science Projects

Submission Portal

Contribute

Open Science Projects primary goals aim to increase collaborative scientific data

sharing, analysis and more rapid scientific advancement.

GeneLab

Genelab, an open science multi-omics
repository, covering transcriptomics,
metagenomics, epigenomics, proteomics,
and metabolomics. Studies comprise of data
from model organisms including microbes,
plants, fruit flies, rodents and humans.

Learn more Genelab

ALSDA

Ames Life Sciences Data Archive (ALSDA)
collects, curates, and makes available space-
relevant higher-order phenotypic datasets.
Datasets that enable scientists to perform
retrospective analysis across missions,

experiments, life science disciplines, research
subjects, and species.

Leam more about ALSDA

BSP

The NASA Space Biology Biospecimen
Sharing Program (BSP) collects
biospecimens to maximize the scientific
return from biological spaceflight and
associated ground investigations and to
encourage and broaden participation from
the scientific community in space biology-
related research.

Leam more about BSP

NBISC

NASA Biological Institutional Scientific
Collection (NBISC) is a biorepository of
non-human samples collected from NASA-
funded spaceflight investigations and
correlative ground studies. The purpose of
NBISC is to receive, store, document,
preserve, and make the collection available
to the scientific community.

Leam more about NBISC
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profiling of adrenal glands from mice flown on the RR-23 mission

Releaso Date Description

The objective of the Rodent Research-23 missions

GLDS-512

(RR-23) was 10 better understand the effects of
spacefight on the eyes, specifically on the structure
and function of the arteries, veins, and lymphat..

Spaceflight transcription

lonizing Radiation profiing 03-Aug-2022

Mus musculus

2

Transcriptional profiing of mammary glands from mice flown on the RRRM-1 mission
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Formation of NASA’s Open Science Data Repository

NASA Open Science
Data Repository (OSDR)
osdr.nasa.gov/bio

Physiological/Phenotypic/Imaging/
Environmental Telemetry Data

() \ «* _ Tabular, text,

\ - "7\ imaging, I:>

video, code

- Single Submission Portal (BDME)

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

- Maximally Open Access with
Necessary Controls for Sensitive Data

Qﬂ Z—j

Biospecimens

Nél)

- Data Maximally FAIR
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Breakdown of a Reusable Dataset: Architecture, Curation, FAIRness

investigation

Edable \ccessible nteroperable | {

O%gﬂ Y

sable

%W

0SD-488 Vsl

Characterizing SERC/

of Spaceflight from R

257.05 KB -Study
Submitted Date:

28-Mar-2022
SDA ID: LSDS-13 Initial Release Date:

20-Jan-2023

Cite this Study 2 <

OSDR Submission Portal

The Biological Data Management Environment (BDME) is a web-based
space-relevant data to be published in the Open Science Data Reposit
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© Description

Description

Itis well established that micragravity exposure causes significant muscle weakness and atrophy vig
dispropartionate loss in muscle force and size with the loss in muscle force occurring at a faster rats
Ca2+ dysregulation has been suggested. The sarco(endo)plasmic reticulum Ca2+ ATPase (SERCA)
muscle relaxation and maintaining low intracellular Ca2+ ([Ca2+]). SERCA dysfunction contributes 14
may contribute to the muscle weakness and atrophy observed with spaceflight. Here, we investigate
and reactive oxygen/nitrogen species (RONS) protein adduction in murine skeletal muscle after 35-
spaceflight led to drastic impairments in Ca2+ uptake des

RONS production and elevated total protein tyrosine (1) nitration and cysteine (S) nitrosylation. Con
enhancement in Ga2+ uptake, which we attribute to a shift towards a faster muscle fiber type
elevated total protein T-nitration and S-nitrosylation. Thus, spaceflight aflects SERCA function differ
results from the calcium uptake (spectrofluorometry) assay
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Breakdown of a Reusable Dataset: Architecture, Curation, FAIRness

investigation
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433

Studies
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Assays

>150TB

Data

OSDR Database (GenelLab and ALSDA)
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Assays Found in GenelLab

Genome-Wide

Association DNA metl'!ylation
Studies profiling
1% 6%
Whole genome
sequencing
6%
Metagenome
profiling
8%
Metabolite
profiling
1%
Protein expression
profiling
Transcription 8%
profiling )
69% RNA methylation
profiling

1%




A Brief History of the Open Science AWGS

Data NEW KNOWLEDGE - Al/ML OPPORTUNITY
Access Needs Normalization
~150 Members Consensus and Data
Standards
(Low Batch Effect)

HIGH

~500+ Members

MEDIUM
~20 Members

4 AWGs



Metrics for success 3327 1558

Avg Monthly Avg Monthly
Usage: May 2017- Sept 2020 St Users

sessione INEroduction of Analysis
9 O 5 2 3,000 Working Groups
3

Original Publications linked  pyblications Enabled by
to OSDR (GeneLab/ALSDA) OSDR System, Data

Sharing

ROI grows faster than publications linked to original

300 7189

Introduction of Processed Avg Monthly  Total Study
Data and Visualization Downloads Downloads
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52 publications (13 publications produced by

the AWGS) using data available in OSDR. MOy AN
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Top 20 Countries
Utilizing GenelLab:
e US =

* Chinam

e UK:E

 India =
 Germany m

e Spain=
 Canada i«

* Brazil

* Japan e

* Netherlands =
* Turkey

* Belgiumua

* Indonesia ==

o ltalyus

e Mexicon1

* Pakistan
 SaudiArabiam
 Austria =

* Denmark =
 Finland 4

Making data accessible worldwide

. mmd..'.'

§ "'r\ (AETHAN X% PHILIPPINES
. : / 5

\ S

- s

_J ) b S .
P N
%  AUSTRALIA \)

£
CHILE| ——
. LRUGUAY ' _ad \‘_,—él /'/
ARGENTINA 3 J

e NEW ZEALAND 7



Open Science Analysis Working Groups

ANIMAL 4

104 members ﬁ\ p A

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

MULTI-OMICS
307 members a é {%‘? ‘

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

MICROBES \
98 members g‘

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

PLANTS &

88 members '

Share and discuss the

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

Al/ML

S

96 members

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.

O
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.

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.

We invite you to join - https://genelab.nasa.gov/awg/join!



https://genelab.nasa.gov/awg/join

Re-use of Data and Enabling New Discoveries

29 publications (10 publications produced by the AWGs) using data available in GeneLab.

@ CelPress |

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.
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Figure 6. Analysis of all GeneLab datasets utilized for direct comparisons with the GSEA C2 curated
collection analysis. (A) Auto-annotated C2 GSEA terms from Cytoscape’s enrichment mapper. Each
node represents one specific C2 term with each wedge reprosenting one Genelab dataset utilized
for this manuscript. The yellow circlos represent the auto-annotated GO terms with common related
Ppathways. (B) Heatmap with k-means clustering for the specific C2 pathways. A total of 15 specific

pathways were found together through I (C) Scatter p! "8
the normalized enrichment scores (NES) to dose in mGy and fits witha generalized additive model
AM) in (B)). Each pa nd

lines represent GAM fits performed on cach C2-annotated term in the cluster. The circles in the plots
represent the gene sets and the pink shade around the GAM fits represent the standard error.
2.3.3. GSEA C6: Oncogenic Signatures.

d 17 3 diation ex)
To observe specific oncogenic pathways that may change as a function of space ra exposure,
we also included an analysis of the GSEA Ct logy-specific collection from the molecular signatures

database (Figure 7). From the
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Figure 3. DEG profiles of brains isolated at 4 months post-HLU, LDR or combined HLU+LDR. (A, left
panel) Graph depicts LDR versus control samples Log; fold-change mean values (n = 3-6); (A, ight
panel) Hestmap displays individual DEG. (B, left panel) Graph depicts HLU versus control samples
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Enabling our scientific community

GL4U Direct
Approach

9.
MSI/HBCU Y
Students |'| |'|

Direct GL4U — Student Bootcamps:
2021 — Space biology & RNAseq

MSI/HBCU
Educators

GL4U Indirect
Approach

Indirect GL4U — Educator Bootcamps:

* Virtual 1-week long bootcamp with 14 SJSU students 2022 — Space biology & RNAseq

»  Collaboration with USRA/SJSU; SISU compute system
» Space biology- and RNAseg-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

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 RNAseg-specific lectures and hands-on instruction
using JNs

Resources to teach at home institution



Engaging with commercial entities: 14 Human Data into OSDR

INSPIRATI(4) N
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- OSDR able to ingest and properly curate all data for reuse

- Spring ‘23 Nature ‘14/JAXA/SB Package’ - 3 New ALSDA Assay Metadata Configs'
- Credit: Chris Mason’s Lab; Overbey et al., 2023 - Comprehensive Metabolic Panel (Spectrophotometry & lon Selective Electrode)
- In Peer Review at Nature

- Complete Blood Count (Hematology Analyzer)
- Cytokine Panel (Multiplex)
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OSDR Overview
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D-385 : Persistence of Escherichia coli in the microbiomes of red Romaine lettuce (Lactuca sativa cv. ‘Outredgeous’)- does seed sani

SUMMARY

ation matter?

Seed sanitization via chemical processes removes/reduces microbes from the external surfaces of the seed and thereby could have an impact on the plants health or productivity.

the impact of ization on the
) and mizuna mustard

var. japonica) posed to Escherichia col
1 Space Station. Plants were harvested at four intervals from 7 days post-germination to maturity. The bacterial communities of leaf
and root were investigated using the 165 rRNA sequencing while quantitative polymerase chain reaction (PCR) and heterotrophic plate counts were used to reveal the persistence of E. coli E. coli persisted for longer periods of time in plants from
sanitized versus unsanitized seeds and was identified in root tissue more frequently than in leaf tissue. 168 rRNA sequencing showed dynamic changes in the abundance of members of the phylum Proteobacteria, Firmicutes, and Bacteroidetes in

plants,microbiome and pathogen persistence, sanitized and unsanitized seeds from two leafy green crops, red Romaine lettuce (Lactuca sativa ov. Outred

board the

and grown in controlled environment growth chambers simulati

leaf and root samples of both leafy crops. We observed minimal changes in the microbial diversity of lettuce or mizuna leaf tissue with time or between sanitized and unsanitized seeds. Beta-diversity showed that time had more of an influence on
all samples versus the E. coli treatment. Our resuits indicated that the seed a

for sending seeds to sp: the microbiome. Insight into the changes in the crop microbiomes could lead to healthier plants

and safer food supplementation.
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0OSD-385 : Persistence of Escherichia coli in the microbiomes of red Romaine lettuce (Lactuca sativa cv. ‘Outredgeous’)- does seed sanitization matter?

Principal Investigator [Ee{glele=TeE]

SUMMARY

Seed sanitization via chemical processes removes/reduces microbes from the external surfaces of the seed and thereby could have an impact on the plants,health or productivity. To determine the impact of seed sanitization on the
plants,microbiome and pathogen persistence, sanitized and unsanitized seeds from two leafy green crops, red Romaine lettuce (Lactuca sativa cv. ,Outredgeous,) and mizuna mustard (Brassica rapa var. japonica) were exposed to Escherichia coli
and grown in controlled environment growth chambers simulating environmental conditions aboard the International Space Station. Plants were harvested at four intervals from 7 days post-germination to maturity. The bacterial communities of leaf
and root were investigated using the 16S rRNA sequencing while quantitative polymerase chain reaction (QPCR) and heterctrophic plate counts were used to reveal the persistence of E. coli. E. coli persisted for longer periods of time in plants from
sanitized versus unsanitized seeds and was identified in root tissue more frequently than in leaf tissue. 16S rRNA sequencing showed dynamic changes in the abundance of members of the phylum Protecbacteria, Firmicutes, and Bacteroidetes in
leaf and root samples of both leafy crops. We observed minimal changes in the microbial diversity of lettuce or mizuna leaf tissue with time or between sanitized and unsanitized seeds. Beta-diversity showed that time had more of an influence on
all samples versus the E. coli treatment. Our results indicated that the seed surface sanitization a requirement for sending seeds to space influences the microbiome. Insight into the changes in the crop microbiomes could lead to healthier plants

and safer food supplementation.
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Enhancing Data Submission Portal

Improved submission automation and “self-service” use

Data RepOS|tory ’ SmeISSIon Portal ‘.-IIIIIIIIIIIIIIIIIIIIIII
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Plot the principal components of our unnormalized data:

Next, we'll plot the first 2 PCs against each other, since they explain the majority of the variance in the dataset.

In this first plot, we'll label all samples so we can see where each sample falls on the plot (Note: This can help us detect potential outliers):

autoplot(PCA_raw, data=sampleTable, colour='condition’,
label=TRUE, label.size=5, size=4, alpha=1) + theme_classic(base_size = 16)
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™~ -0.25 @ 6c
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-0.50
FLT @ep5
0.4 0.2

-0.2 0.0
PC1 (18.16%)
Let's save your PCA plot with all samples labeled to your PCA directory defined in Step 1a above using the ggsave() function.

Note: You can adjust the width, height, and dpi of the saved plot until you're satisfied with how the PCA plot looks.

ggsave(file.path(pca_dir, 'GLDS-104_PCA_raw_wlabels.png'), width = 8.5, height = 6, dpi = 300)

#  R[conda env:igdu-r] O

Simpe (' » 0 [ 4 @ 4 R[condaenv:gldu-r]|ldle Mem: 1.38/4.00 GB

Mode: Command

@ Ln1,Col1 RNAseq_DGE_JN_06-2022.ipynb
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' Mission Comparison
Mission Description

This important first mission in NAS) ed that the hardware system was effs

be carried out by the space station
and active. Rodent Research-1 also included a C.
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Science Data Viz Tools: GenelLab & ALSDA In Unison

Genelab Visualization

+ Add Visualization

Group Selection

Group 1: [EGRIEETIM
1066Y Cs 137 v
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10GY 5137

Update

@ Open Science for LifeinSpace | Home  About ~ Data & Tools ~ Research & Resources ~ Working Groups ~ Help +
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Future: Streamlined Dat Integration, Multimodal, Multihierarchical
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https://doi.org/10.3390/life11010042

DATA REUSE EXAMPLE: DATA MODELING . o

Al ready FAIR data for modeling and risk assessment.
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Genes with a causal relationship to liver A novel paradigm for generating human-relevant biomedical
disease phenotype in spaceflown rodents insights from observational datasets with limited size by
leveraging and augmenting with animal model data
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Genetic variants with a causal relationship to
DNA damage and radiation sensitivity in human
irradiated immune cells

Federated causal inference between Earth data
and spaceborne data
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Benchmark Datasets for Space Biology

Dataset(s) Reference
implementation

Benchmark




RNA sequencing benchmark dataset

Scientific motivation: Effects of spaceflight on mouse liver health
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Fluorescence microscopy benchmark dataset

Scientific motivation: simulated space radiation causes cellular DNA damage

Simulated galactic
cosmic rays

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

16-bit single-index TIFFs




Federated Al/ML Analysis for Data Generated In-Flight

SFILUID Federated Learning Architecture (FLUID)
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Effects of low-dose oxygen ions and protons on cardiac function and m
structure in male C57BL/6J mice d
John W Seawright™', Vijayalakshmi Sridharan™’, Reid D Landes”, Maohua Cao®, Preeti Si.ndgh“,

Igor Koturbash®, Xiao-Wen Mao®, Isabelle R Miousse“*, Sharda P Singh’, Gregory A Nelson?,
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THANK YOU!

Open Science for Life in Space projects are funded by the Biological and Physical Sciences Division

nasa.gov/PSl nasa.gov/ames/r nasa.gov/ames/resea genelab.nasa.gov
esearch/space- rch/space-
biosciences/nbisc biosciences/alsda y @NASAGenelLab

40
Genelab



https://www.nasa.gov/ames/research/space-biosciences/nbisc

Making data accessible worldwide
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Open Science Analysis Worklng Groups
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: and constituent tissues and cells : ! entire system begin studied. : proteomic, metabolomic and
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ad
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4
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blOlmaglng, and video formats. E space biology.

138 Members l 96 Members H

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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https://genelab.nasa.gov/awg/join
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Training the Next Generation of Scientists

GenelLab for High Schools (GL4HS):

A four-week intensive training summer program for rising high school juniors and seniors to learn bioinformatics
and computational biology methods and techniques to analyze space omics data.

Learn more and apply at: https://www.nasa.gov/ames/genelab-for-high-schools

GenelLab for Colleges/Universities (GL4U):

For educators and students to learn how analyze omics data using GenelLab standard pipelines and space-
relevant data

Access to course materials: https://github.com/nasa/GenelLab-Training/tree/main/GL4U

Space Life Sciences Training Program (SLSTP): [w] [w]
Provides undergraduate students entering their junior or senior years, and entering graduate students, with ®"Fb
professional experience in space life science disciplines. ﬁ

Learn more and apply at: https://www.nasa.gov/ames/research/space-life-sciences-training-program E

Spaceflight Technology, Applications, and Research (STAR):

Annual course for Pls, senior research scientists, and postdoctoral scholars and aims to facilitate their entry to
space biology and preparation for conducting spaceflight experiments using NASA and commercial platforms.

Applications open until May 30th: https://science.nasa.gov/biological-physical/programs/star

NASA Postdoctoral Program:

If you're an early-career or senior scientist, apply to the NASA Postdoctoral Program to help
pursue NASA's mission and experience the world's most diverse technology and expertise.

NASA Postdoctoral Program
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Leading the Path to Open-Source Science

Transform to Open Science (TOPS) is a $40 million
5-year NASA Science Mission Directorate mission

Open Science



Proprietary Data

Currently all published data is openly accessible worldwide. GeneLab/ALSDA has a mechanism in
place for standardized data curation and account-based access. This capability can be expanded in
the future for:




Data should be as open as possible, as
closed as necessary.

-Shelly Stall, TEM April 2020
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Beyond Low Earth Orbit

Free flyers

® ©

Lunar lander

e,

'ﬁ%:&f’-' 5 '-.';,,',;_.ig
A

I7 T . A
. (Y i e e Lunar habitat

Near Term i Long Term

With limited sample return for various platforms, we are preparing new metadata templates
and data streams to host and publish data from future lunar experiments and beyond.



Open Science Data Repository

® support self-service metadata curation and data
Data submission within FAIR Guidelines. Workspace

Submission providing users file storage in S3 and sharing
and features.

Workspace

Open access data enables discovery of Novel Data Open access and well curated data
new hypotheses and new ideas for hypotheses Repository & repositories including data from various
Interactive visualization portal to enable

grant proposal. Data from those new @ and grants Visualizatio model organisms from microbes to
research experiments are generated
and deposited back into GeneLab.

BPS OPEN knowledge discovery.

plants to humans covering the full range
SCIENCE
New Analytical Toolshed of bioinformatics tools with

of biological assay technologies.

Enabling new publications and discoveries T
ools - ; ;
research through data reuse and @ @ User-friendly interface fc‘)r‘ data qnalySIs
performing meta-analysis. g;‘ 37ny level (students, citizen scientists,
s).
Collaborative &
Training
(AWG, GL4HS,

GL4U)

—

Over 400+ AWG members from around
® the world, analyzing open science data.
Successful training programs developed
for high school and university students.




Big Picture for Open Science for Life in Space

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

Open Science Data Repositories

Scientific Data Mission-Telemetry
(omics, phenotypic;
tabular, images, video) Dai

Submission Portal,

Imagery &
Single Point-of-Entry

Video Data

Curation
Bioinformatics Standards
Analysis Portal
Curation of
Efficient Data Precious
Management Legacy Data

Biospecimens
Processing,
Biorepository Access

AIML, Knowledge
Graphs, Computer Vision,
High-End Computing,
Benchmarking

Environmental-
Telemetry
Analysis Portal

Sample Processing,
Sequencing, Data
Production

New Knowledge; Faster Pace;
Inclusive & Diverse Access



Knowledge and Data Transfer

SPACE

Space Data Center
Crewed labs

* Experimental data
* Yehicle data

Crew health

':u * Precizion space health

Space Data Relay

Active mission environmental data
Al-assisted metadata harmonization

Automated analysis

*

Off-world

Aulonomous labs

* Edge-computing
+ ° Experimental data

« Environmental data
£{'1 '\\ Crew health
"__|_:| * Precision space health

EARTH

Researchers

Accessed by scientists
:: Ground-based data analysis

Open Science Data Repositories
Raw experimental data

Exparimental environmental data
Al-enhanced analytics

Data standards

Open Science
Public
Education/training
Citizen science

=== KNOWLEDGE &
====p DATA TRANSFER
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Al/ML Analysis Re-using Data from Space

Heterogeneous
Data

Aggregated
Features
Microbiome

Data “

Genetic & aé'

Epigenetic
Bata B a

Clinical %
Metadata

Causal
Inference
Modules

Output

Results

In |-

Generalizable to different
data types with the ability to
learn causal drivers of any

feature within a dataset )
causal analysis

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

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

weighted_coefficient

GLDS-47
GLDS-48
GLDS-137

GLDS-168

Ground

Vivarium

number of models
6

3
5
4

linked to NAFLD
in the literature




Al/ML Analysis Re-using Data from Space

Causal
H“ergg::.ou’ Inference

Modules
Aggregated fr—

Features
Microbiome

Data “

Genetic & Qé'

Epigenetic
daa B H

Clinical %
Metadata

Output

Results

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

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

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

weighted_coefficient

GLDS-47
GLDS-48
GLDS-137

GLDS-168

Vivarium

number of models
6

3
5
4

linked to NAFLD
in the literature




Rodent Research Mission Data

Developing a data processing pipeline for Mission, Vehicle, and Hardware data. A pipeline that allows
data repositories to easily collect, process, and store mission data in both CSV and JSON formats.

Data Collection Points

In Flight Research: ISS cabin and
habitat module environments

Rodent Transporter
Rodent Habitat
ISS Cabin
ISSES Cabin
..*“ e, LAR Sensor Package
rrrr -
T==—0
a = —ﬂ
o
v [ ] [ ]
N— ] . | Q
TTTTIT ki

Ascent and Return:"’
Payload habitat %
environment .,

- Return: Splashdown to Lab
. transport environment

Ground Control Operations: ISS
cabin analog, habitat module, and lab
to pad transport environments.




Enhancing Data Submission Portal

<

GeneLab

)

Improved submission automation and “self-service” use

@Open Science for Life in Space Home

Data Repository g«

Explore

About v Data & Tools v

NA‘EA Open Science for Life in Space Home About
Open Science Data Repository Search
General Search Filters
Search Datasets Q

Data Source

“-IIII..
* *
o Genelab e

%, [/ ALSDA ‘;'
[y et
[] EBIPRIDE
[] ANL MG-RAST

Persistence of Escherichia coli in the microbiomes of red R

¥

Organisms Factors Asszay Types
Data Type Treatment
Study IMicrobiota Seed Sanitization Amplicon Sequ
Study 0SD-385 Tissue
T

Working Groups v Help v

To see farther,

/

Submission Portal
Contribute

*
NN SN SN NN NN NN EEEEEEEEEEEE
L4 [

Select Measurement

< Omics Assay

Amplicon Sequencing

Behavior

.
e,
Bone biomechanical measurement ‘ . Yo,
Tamy
1 . 1/

Bone Microstructure pnt®
al
senn®

‘-l"- :

Calcium Uptake

Physiologic

Chromatin Accessibility

Assays

clinical chemistry analysis

Complete Blood Count

Comprehensive Metabolic Panel

copy number variation profiling

<ssenennnennees OMmics Assay




_

Data Standardization and Integration

Mission Telemetry Data
Ascent Flight Hierarchical Organization of Biological Complexity
‘..._—a Physiological, Pathological,
im= = Behavioral Formats
i ‘ﬂ‘ e Tabular
v — '—' - metaboic + Bioimage
‘""" . ' . —— cancer Infectious e Video
Return Ground Control A =ie g
3 | Y Phenotype
i@l 0 . SO i
(k ] .? gojoojoo
(A%) oo|[T}|oo
Relative Humidity, Temperature, CO2
02, Airflows, Acceleration, Radiation
Acoustics, etc.

.fﬁ?

This Integration Enables Multi-Hierarchical

: GeneLab
Multi-Modal Data Mining Together, for Many ‘ A
Computational-Informatic Approaches T

(Image Credit: Sergio Baranzini, UCSF; Scott et al., 2021
https://tinyurl.com/2j58nmn4; Scott et al., 2020
https://doi.org/10.1016/j.celrep.2020.108441)
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Commercial and International Partners

Open access data in Genelab, accelerates the pace of scientific
discovery and thus enables exploration and development of
countermeasures by using systems biology approaches to identify cross-
species relevance, mechanisms, biomarkers and potential health risks for
LEO and beyond LEO (Lunar and Mars Exploration).

To increase usability and accessibility, space biological research should be
available through a common portal. It’s important to work closely with
our commercial and international partners to ensure data across agencies
and platforms are harmonized and comparable. In addition, systems
already developed can be utilize not duplicating efforts and costs for data
sharing.

For example, GeneLab already hosts datasets from multiple space
agencies (ESA, JAXA, CSA) and from CASIS funded experiments.

In order to continue maximizing the return of spaceflight experiments, we
encourage commercial and international partners to utilize the
GenelLab and ALSDA Data Systems for their research data, both for
open and proprietary data.

57



Commercial and International Partners

Open access data in Genelab, accelerates the pace of scientific
discovery and thus enables exploration and development of
countermeasures by using systems biology approaches to identify cross-
species relevance, mechanisms, biomarkers and potential health risks for
LEO and beyond LEO (Lunar and Mars Exploration).

To increase usability and accessibility, space biological research should be
available through a common portal. It’s important to work closely with
our commercial and international partners to ensure data across agencies
and platforms are harmonized and comparable. In addition, systems
already developed can be utilize not duplicating efforts and costs for data
sharing.

For example, GeneLab already hosts datasets from multiple space
agencies (ESA, JAXA, CSA) and from CASIS funded experiments.

In order to continue maximizing the return of spaceflight experiments, we
encourage commercial and international partners to utilize the
GenelLab and ALSDA Data Systems for their research data, both for
open and proprietary data.




NASA Biological Institutional Scientific Collection

Space-Based Tests

Ground Analogs

Results

*Specimens mostly from Shuttle and ISS missions. Also
stored are specimens from ground analog studies including
centrifuge, hind-limb unloaded, and partial weight bearing.




Ames Life Science Data Archive

Raw & Mission &

Processed Hardware
Metadata

/Data Sources

* Past, Present, & Future Data:
ISS, Shuttle, Bion, Hindlimb
Unloading, Radiation-Exposed,
Partial Weight Bearing, Rotating
Wall Vessel, Clinostat, etc.

Telemetry &

Environmental
Metadata

* Basic & Applied Data:
uGravity, Radiation, Behavioral

Countermeasure
° L';/I"“g D;t? gourceh?[: Venct [ LRSI - Phenotypic-Physiological-Behavioral- h
B;);Zer;a aet,c rosopniia, reast, Data Imaging-Level Data
i Repositories Single Submission Portal
\ Data federated with GeneLab (Molecular
Omics-Level Data)
o




4

Ames Life Science Data Archive

/Data Sources

* Past, Present, & Future Data:
ISS, Shuttle, Bion, Hindlimb
Unloading, Radiation-Exposed,
Partial Weight Bearing, Rotating
Wall Vessel, Clinostat, etc.

* Basic & Applied Data:
uGravity, Radiation, Behavioral
Countermeasure

 Living Data Sources:
Mouse, Rat, Drosophila, Yeast,
Bacteria, etc.
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433

Studies

3819

Datasets

OSDR Database (GenelLab and ALSDA)

STUDY TYPE INTERNATIONAL STUDIES INTERNATIONAL SPACE AGENCIES
UKSA [
BIRA,S ~AE,4 SRON’IUKSA,I SRON |
AEE T
Spacef Groun } | poscosmos,7 BIRA [
light d ESA,33 ROSCOSM. .
0 42% ASl N
55% ASI, 9 DLR |
CNES |
CNSA
DLR, 16 csA
ISRO |
i I ——
Hl.gh CNES, 2 JAXA
Altitud JAXA, 24 ESA I
CNSA, 3 0 5 10 15 20 25 30 35
3% I ISRO, 2 ® Animal B Human ®Plant Microbe
ORGANISMS GROWTH OF STUDIES
Invertebrates 900
Other Fruit flies ALSDA o
1% 800 .
Integration
700
4
19% 3 £ 500
>
S 400 433
Civilian 300
24
200
100
Astronaut
Rodents 7 0
39% S ¥ 1D © W ~ ~ W ©® O O O — A N N ™M o
L L By N r LN L LR S S L, B B B S B
c (9] = c oo ] Q. = + > (9] c c = 0 oo = +-
Civilian and Astronaut Bed Rest, Spaceflight, Mars simulation 383822 g2 T332 32
Cell Lines Radiation (Ground), Simulated uG, Spaceflight, Parabolic Flight e Number of Studies e Number of Datasets




Collects, curate, and distributes
data from NASA funded
non-human life sciences

investigations
Established in 1994
Raw & Processed Data

SCIENTIFIC REPg}RTS

Wicrogravity induces proteamice
changes Jasm

75 Grants J

* Grant managed
between 2010-2022

LI Experiments J

* 1975t02022

Assay & Sample Metadata 356 Datasets J
— (grouped)
R ~— ’,f\ * Datasets grouped based

on legacy structure

Environmental & Telemetry Data

@a@ © 15TB
V
© 300 of olume J
Mission & Hardware Data e PlData:1.3TB

* Mission Data: 2.7 TB
Images/Video: 11 TB

433 Studies

436 Datasets

.

45 Species J

Fruit

Open Science Data Repository

ORGANISM
STUDY TYPE flies Fish

0/ , 2%
Invertebrates 3% Oomer...

4%
Groun

d
43%

: High Altitude
2%

>10 Assays
.
>135

Rodents
38%

Microbes
21%

(o
Genelab

> M

Genelab, an open science multi-
omics repository, covering
transcriptomics, metagenomics,
epigenomics, proteomics, and
metabolomics. Studies comprise of
data from model organisms including
microbes, plants, fruit flies, rodents
and humans.

Established in 2014

Data Repository
Raw and high-order data

‘QD Environmental Data

@ | Collaborative

E @

sesE Workspace

&:| Analysis Platform

el

~="| Visualization Portal
%

“ In-house Sequencing
- Facility
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Available Information on OSDR

Fruit FI
3% Yoo

Others
1%

Invertebrate
4%

Rodent
38%

Microbial
21%

Spaceflight

Altered
Gravity,
Hypergra...

Simula...
microg...

Genome-Wide
Association
Studies
1%

Transcription
profiling
69%

DNA methylation

profiling

6%
Whole genome

sequencing

6%

Metagenome
profiling
8%

Metabolite
profiling
1%
Protein
expression
profiling
8%
RNA methylation
profiling
1%




Model Organisms Found in OSDR




Primary Factors of Concern

Altered Simulated

Gravity, microgravity

Spaceflight Hypergravity




Biological Data Repository

ALSDA and GenelLab Data Systems Integration (2022)

"“3',.

Goal:
Rodent
A multi-project Research
submission portal to
reduce the burden on
Pls submitting data
and enabling discovery
of both omics and Omics,
phenotypic data. Phenomics,
Physiologic,
r Bioimaging,
Behavioral
‘\

\

T oeam==

’.éf\. i .

eneLab ALSDA




Biological Data Repository
ALSDA and GenelLab Data Systems Integration (2022)

S Open Science
Goal: i N
Mission Rodent Tools
A multi-project Data Research Data Repository N
submission portal to Open — -4 @\
reduce th.e !‘Jurden on Science i Environmental App
Pls submitting data S //
and enabling discovery Submission GeneLab ALSDA @
of both omics and omics, Portal = Analysis Platform
phenotypic data. Pl Phenomics Y, S
. oge . - k>
Scientific ) Physiologic, E’; ;ﬂ
Data B;oi:\nagingi /, k\/isuallzatmn Platforny
\ - enaviora "I /
Analysis Working Group (AWG) ~

I

« 500+ members (multiple space agencies, international institutions, industry)
 Scientists meet monthly with each group for feedback and data analysis

* Five Groups: Animal, Microbes, Plants, Multi-Omics, & ALSDA

Published 11 collaborative peer-reviewed papers to date

S
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Theme Fonts
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Theme Colors
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