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NASA Committed with ‘Open-Source Science Initiative’

Unlocking the full potential of a more equitable, impactful, efficient, scientific future ObLewAD)
Policy development, e e d
education, compliance tools [=]ey

Updating NASA policies on
scientific information to better
enable the activation of open
science

QSHENCE o
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Supporting open-source
software, tools, frameworks,
libraries, platforms, and training
with over $5 million dollars in
grants

Community Building &
Partnerships - Transform to Open
Science (TOPS)

Accelerating adoption of open
science

Core Services for Science
Discovery

Developing core data and computing
services to enable open science
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Review of Space-relevant ALSDA Bioimaging #1

- Multi-Hierarchical; Multi-Modal; Heterogenous

- mCT, gPCT, MRI, DXA, OCT, Fundoscopy, Light-, Fluorescence-, Confocal-, Atomic Force-, Electron Microscopy (Scan & Trans)

- Ultrasonography, Images of Behavior Assays, Plant-Crop Growth, Microbes
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Light Microscopy (e.g. Cancellous Bone)

(Blaber et al., 2019 : )
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Fluorescence Microscopy (e.g. Retinas)
(Mao et al., 2019 https:/doi.org/10.1038/s41598-019-44696-0)

Ground Control Flight

Microcomputed Tomography
(e.g. Vertebrae)

(Keune et al. 2015, hitps://doi.org/10,1038/srep18671)


https://doi.org/10.1038/s41598-019-44696-0
https://doi.org/10.1371/journal.pone.0061372
https://www.nasa.gov/ames/research/space-biosciences/rodent-research-10-spacex-21
https://doi.org/10.1038/srep18671
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Review of Space-relevant ALSDA Bioimaging #2
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Plant Root Tips

(Paul et al., 2012; W

Ground Control: 2010_02_25_10_39 Flight: 2010_02_19,09_40

Plant Growth Patterns
(e.g. Arabidopsis)

(Paul et al., 2012; hitps://doi 0r/10.1186/1471-2229-12:232)

Microbes (e.g. Bacillus Pumilus) Tl
(Vaishampayan et al., 2012; J/doi ) l\ P / '\\

Crop Growth Impacts (e.g. Azola)

(Barker and Gilroy Lab; 2021)


https://doi.org/10.1089/ast.2011.0738
https://doi.org/10.1186/1471-2229-12-232
https://doi.org/10.1186/1471-2229-12-232

ALSDA Science Community-Driven Curation Standards

ALSDA Analysis Working Group:

- 7 Meetings

- July, Sept, Oct, Dec, Feb, Mar, Apr
~100 members

~45/meeting

External SMEs Humﬁn Research

rogram
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Both
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34% 18%

NASA Staff/Mgmt

Would love more Bioimage and
Programming SMEs to join!
arc-dl-alsda@mail.nasa.gov

Assay Metadata Configuratio

Bone Microstructure (MicroCT)
Behavior (Novel Object Recognition)
Molecular/Cellular Imaging (Lt/Fluor Microscopy)
Flow Cytometry (Flow Cytometry)

Behavior (Elevated Plus Maze)

Behavior (Open Field)

Behavior (Gait)

Protein Analysis (Western Blot/Immunoblot)
Calcium Uptake (Spectrofluorometry)
Behavior (Barnes Maze)

Osteocellular (Histomorphometry)
Mechanical Test (3pt-Bend)

Intra-Ocular Pressure (Rebound Tonometry)
Blood Analysis (Serum Metabolites)
Echocardiogram (Ultasonography)

ELISA (ELISA)

Behavior (Radial Arm; Water Maze)

Behavior (3-Chamber Social Interaction)
Behavior (Atentional Set-Shifting)

Behavior (Unconstrained Cognitive Flexibility)
Behavior (Morris; Water Maze)

Muscle Physiology (Muscle Fiber Typing)

In Vivo Bone (pQCT)

Mineral Density and Composition (DXA)
Behavior (Object in Place)

Behavior (Novel Location)

Electron Microscopy (Scanning)

Electron Microscopy (Transmission)
Neurophysiology (Electrophysiological Recordings)
Physiology (Blood Pressue)

Physiology (Pulse Oximetry)

Metabolites (HPLC with ECD)

Cardiovascular Imaging (MRI)

Neuroimaging (MRI)

Eye Microstructure (microCT)

Grip Force (Force Transducer)

Behavior (Spatial Novelty Y Maze)

Behavior (Tail Suspension Test)

Behavior (Startle Test)

Behavior (Prepulse Inhibition)

Drafted
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ALSDA Data Currently in Reuse: Pilot Projects

Benchmark Microscopy Dataset

Approach:
-Radiation exposure microscopy DNA damage dataset, distinct foci (PI:
é\;jﬁ, 70
maximum automatically 60
intensity estimated < 50
projection nfoci 8 40
16-bit 2 30
conversion £ 20

Max Intensity Dataset (n=94,193):

Raw Dataset (n=94,193):
16-bit single-index TIFFs

32-bit Z stacks (9 indices)

-Huge amounts of microscopy data in space biology, time consuming, manual annotate

Costes)

nfoci0  nfoci1-9 nfoci10+

Genomic to Phenotypic: CRISP and Hepatic Dysfunction

-Transcriptomics, Histology; Four Spaceflown Rodent Liver Datasets
-Ensemble Learning; Causal Research and Inference Search Platform

number of models
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(Credit: BMs: Sylvain Costes & Eduardo Almeida; CRISP:

Mission: STS-108
Tissue: Femur (D)

Q LSDS-115

Mission: STS-118
Tissue: Femur (M)

LSDS-117

Mission: STS-131
Tissue: Femur (M)

LSDS-89

Mission: Bion M1 (1)
Tissue: Femur (M,D)

Benchmark microC'i; Dataset

-CT is key to assess space biological bone impacts

Approach:
-Mouse mCT dataset, both spaceflight and group (PI: Almeida)

SpaceX CRS-12 34 3 ——=——
LT R -l

ission ____ Daysnse______: SFVvsGC _____ -
STS-108 12 12 —a
STS-11 13 12 —u—
STS-131 8 .
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CRISP-FL Containerized
Deployment
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~ OPyTorch

docker

CRISP-FL ~

CRISF-FL
3

intel @ openti 4 '%;

New and improved
federated model

causal
Inferencing

OpenfL Local ) OpenfL
Training . Federation

Distribution

Model improvement / adaptation

Test and
repeat >
1
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Future: Streamlined D ta Integration, Multimodal, Multihierarchical

Analysis Portal
Interactive analysis dashboard of
modeling and analysis results

Processed Raw Image &
. Tabular Video Data
Standardized Phenomics s St s
Omics Processing Data . = * o[-
Pipelines . 8 = .
pe Computer Vision E‘::T - S
Standardized and Transformer Ef../ LT e
Omics Pipelines Algorithms g -
Phenotypic # Allow users to select from a oottt
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Data Tabular Format B
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(E"w::"l" S Search & Integration # Including existing open-source models,
and custom spaceflight-adapted models
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Modeling Hub
Models New Modeling Hub
Automated pipelines for a suite
| of machine learning, knowledge
";5 graph, modeling tools




Open Science Data Repositories

Big
Picture

Submission Portal,

Imagery &
Single Point-of-Entry

Video Data

Curation
Bioinformatics Standards
Analysis Portal
Modeling
-Predictive
Curation of -Hypothesis Driver
Efficient Data Precious -Countermeasure
Management Legacy Data Repurposing
Tools
-Computational Analysis
Biospecimens AI/ML, Knowledge -Cross-Experiment Analysis
Processing, Graphs, Computer Vision, -Meta-Analysis
Biorepository Access High-End Computing, -Data Visualization
Benchmarking

-Computer Vision/Transformers

Environmental- FAIR & Opel‘l Data

Telemetry
Analysis Portal -Metadata: Investigation, Study, Assay
-Outputs: Raw, Processed; Tabular, Images, Video
-Mission-Payload: Environmental, Telemetry

Sample Processing,
Sequencing, Data
Production

New Knowledge; Faster Pace;
Inclusive & Diverse Access
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