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Non-Human Biospecimens
e.g. RR, HRP Space Radiation, Microbe

Two Projects
with Separate
Focus and
Requirements

Open
Science
Ames Life Data
Sciences Repository ‘I
Data Archive |I Submission Federated with
GenelLab:
(ALSDA) o _ Portal Same subjects,
« HRP, SB Pls, Missions, Experiments ‘I same samples
* Phenotypic-Physiological-Behavioral- Beta version

Imaging-Mission February 2022! ©
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Nurturing a Data Sharing Culture: Secure & Maximally ‘Open’ Science

Greatest science
potential for reuse?
When data both FAIR

and maximally Open

Is FAIR Open?
In Short, “It Depends.”

Credit: Higman et al, 2019 & Shelley Stall ©

When data submitted,
different levels of controls

e.g. IACUC, Animal Health Video; IRB, Human PII Data;
Animal Liver Histology; Microbial Metagenomics

2

Mediated Embargoed

Closed vs Open:
A Continuum

Data should be open as possible, closed as necessary.

(Credit: Shelley Stall AGU, 2020 NASA TEM3 Workshop;




“Data Reuse” & Repository Lesson from Al & COVID-19

China
Unie e 3 Hundreds of Al tools have been built to catch
s 5 covid. None of them helped.

ingapore 4 MIT
TBL;LI;?[V g Some have been used in hospitals, despite not being properly tested. But the
Spain > pandemic could help make medical Al better. TeChn()lOgy
United Kingdom 2 ReVIeW

I i‘ 1 By Will Douglas Heaven July 30,2021
(XD A -
a:ﬂr?)sieils ;(; ;d;:ltig) Ssl(;[t)ilzn Diagnostic models Prognosodels P O S | t I Ve S
- Modelers, Bioinformaticians, Clinicians Collaborating ‘OPEN’
- Clinical/Biomedical Open Science Data Sharing
I = . T i I "N | - OpenSAFELY, N3C, COG-UK, DECOVID, Royal Society RAMP
- ) l 1 | i I Weaknesses
0 I - . - Al Readiness, Harmonization of Heterogenous Data

1 bl - Assay & Metadata; Biomedical & Science Standards

- || I
I - Data Availability & Open Accessibility
I I I I I I - Inequality & Exclusion

- Communication: Findings and Uncertainties

@w\
Qé,o\)

Credit: The Alan Turing Institute;



ALSDA and GenelLab: Al-Readiness, Metadata Standards

p - SMD Al WORKSHOP
' 12-14

interdisciplinary |

DAY01

SCIENCE DATA:
OPEN, Al READY,
AND ETHICAL USE

DAYO1

FOCUS AREA 01
STANDARDS
FOR Al
READINESS

DAYO1

FOCUS AREA 02
DATA SPARSITY
AND
HETEROGENEITY

DAYO1

FOCUS AREA 03
UNCERTAINTY
AND BIAS

DAY02

TOOLS, SERVICES,
WORKFLOWS, AND
PLATFORMS TO
CATALOG AND SHARE
ML DATA AND MODELS

DAY02

FOCUS AREA 04
REPRODUCI-
BILITY

DAY02

FOCUS AREA 05
CATALOGING
AND SHARING
Al READY DATA
AND MODELS

DAY02

FOCUS AREA 06
COMPUTATIONAL
PLATFORMS

Stanford & JOHNS
A - : . University ERI:IR(SH,\E

Workshop on Artificial Intelligence & Modeling for Space Biology Anschutz -

MAY 2021 Supporting the Next Phase of Space Exploration and Discovery R U%F ,:}‘ A
SAN JOSE STATE UNIVERSITY g UTS 2 Leey

&
G

National Laboratory

AN ANt MICHIGAN STATE

UNIVERSITY

E& HARVARD
8

UNIVERSITY

3 days | all virtual

Go gle

National Aeronautics and
Space Administration

MEDICAL SCHOOL

UNIVERSITY OF MINNESOTA
Driven to Discover®

A SALK INSTITUTE

FOR BIOLOGICAL STUDIES

Participants

Day

NASA-related External SMEs Baylor

College of
Medicine

Thursday, June 24 54 48 105 Icahn us
MAYO Schoolof =~ By
Medicine at
- Friday, June 25 39 42 83 CLINIC ¥ N

Al Readiness,
Harmonization of
Heterogenous Data

0 t INIVERSITY o
UNF gORTHSFLORI/DA
Sinai
EE Caltech

arXiv.org > g-bio > arXiv:2112.12554

Quantitative Biology > Other Quantitative Biology
[Submitted on 22 Dec 2021]
Beyond Low Earth Orbit: Biomonitoring, Artificial Intelligence, and Precision Space Health

Ryan T. Scott (1), Erik L. Antonsen (2), Lauren M. Sanders (3), Jaden J.A. Hastings (4), Seung-min Park (5), Graham Mackintosh (6), Robert J. Reynolds (7),
Casey S. Greene (10), Benjamin S. Glicksberg (11), Corey A. Theriot (12 and 13), Daniel C. Berrios (1), Jack Miller (1), Joel Babdor (14), Richard Barker (15),

arXiv.org > q-bio > arXiv:2112.12582

Quantitative Biology > Other Quantitative Biology

Assay & Metadata
Science Standards

Data Availability &
Open Accessibility

[Submitted on 22 Dec 2021]

Beyond Low Earth Orbit: Biological Research, Artificial Intelligence, and Self-Driving Labs
Lauren M. Sanders (1), Jason H. Yang (2), Ryan T. Scott (3), Amina Ann Qutub (4), Hector Garcia Martin (5 and 6 and 7), Daniel C. Berrios (3),

Machine Learning, Artificial Intelligence and Data Modeling for the Next Decade of
Space Biology Research and Astronaut Health Support

Open Science for the Next Decade of Life and Physical Sciences Research

The National Academies of - Lauren M. Sanders, Blue Marble Space Institute of Science, Space Biosci = : >
for Deep Space Exploration

GeneLab, NASA Ames Research Center, (530) 409-2174, lauren.m sander
SCIENCES - ENGINEERING - MEDICINE P i RS
- Ryan T. Scott, KBR, Space Biosciences Division, NASA Ames Life Sciei
Research Center, (650) 316-9901, ryan.t.scott@nasa.gov Authors:
- Ryan T. Scott, KBR, Space Biosciences Division, NASA Ames Life Sciences Data Archive, NASA

Ames Research Center, (650) 316-9901, ryan.tscott@nasa.gov

- Lauren M. Sanders, Blue Marble Space Institute of Science, Space Biosciences Division, NASA
GeneLab, NASA Ames Research Center, (530) 409-2174, lauren.m sanders@nasa.gov

2 NASA Human Research Program Investigat



ALSDA Science Community-Driven Curation Standards

ALSDA Analysis Working Group:

- 4 Meetings

July, Sept, Oct, Dec 21
~100 members
~55/meeting

External SMEs

Human Research
Program
Reseachers
22%

Both
5%

Sﬁace Biology
NASA Staff/Mgmt searchers

34% 18%

Email to learn more and join!
arc-dl-alsda@mail.nasa.gov

Assay Metadata Configurations

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)

Protein Analysis (ELISA)

Behavior (Radial Arm; Water Maze)
Behavior (Morris; Water Maze)

Muscle Physiology (Muscle Fiber Typing)
Mineral Density and Composition (DXA)
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)

Electron Microscopy (Scanning)

Electron Microscopy (Transmission)
Behavior (Spatial Novelty Y Maze)

Behavior (Tail Suspension Test)

Behavior (Startle Test)

Behavior (Prepulse Inhibition)

Behavior (Contextual Fear Conditioning)
Behavior (Rotarod)

Behavior (Water Maze)

Behavior (Wire Hang)

Behavior (Escher Staircase Track)

300 ”’AA

a8

AWG

09/08/21
09/08/21
09/08/21
09/08/21
12/08/21
12/08/21
12/08/21
12/08/21
12/08/21
12/08/21
02/16/22
02/16/22

02/16/22

Drafted Covered Portal

8833a

g

Dataset
Creation

ALSDA AWG:

-10 ‘Ready’ Assay Configs from Feedback

ALSDA Assay Metadata, Image, Outcome Measure

Configuration for microCT Micro-Computed Tomography (microCT; uCT)

File Folders will contain: Study data File, uCT | Bone Microstructure

Assay .log
ALSDA Assay Metadata Configuration for Western

Supportir

https://dc
// File Folders will contain: Study Metadata File,
Assay Results (Outputs; .txt files raw values),

Western Bl ALSDA Assay Metadata, Setup, Outcome Measure
magery ¢, for Barnes Maze

Western Blot /

Barnes Maze

L\
———— SUPROTtiNg 1y ¢ 1 ders will Optimally Contain: Study Metadata File,

DOI: 10.41 Measurement: Behavior

Processed Data Outcomes File, Image of Barnes Maze, Ontolo;
Image of Aversion device, Image of the Room, Raw Training | https:// ci.nih.gov/ncitbrowser/pages/concept deta

Degasperi,
T sehttps: //uow ALSDA Assay Metadata, Setup, Outcome Measure
Yol Supporting L Ct for Gait Gait

Voluf Othercruc DOI10.152; File Folders will Optimally Contain: Study Metadata |Measurement: Behavior

.
EMID: 73343 File, Processed Results/Outcomes File, Image of Gait | Ontology:
Co Britten, Rad Chamber and/or treadmill, Baseline Training Session | https://ncit.nci.nih.gov/ncitbrowser/pages/concept_det:
DOI: 10.166° Video(ALSDA Assay Metadata, Setup, Outcome Measure
Light FCe for Open Field Open Field
[
ALSDA Assay Metadata, Image Configuration for Microscopy
Kwok, Microscopy
10.10: File Folders will
File, Processed D Measurement: Molecular/Cellular Imaging
| —_— Image, Raw Testi File Folders will contain: Study Metadata File, Ontology:
Segm Other Behavi T : i : i -
Supporting Literz Microscope Assay .log file (REQUIRED), 2D images | http://purl.bioontology.org/ontology/CSP/5005-0016

Segn' after the Bar

ALSDA Assay Metadata, Setup, Outcome Measure

Elevated Plus Maze (EPM)

an(
Vector of the——10 3791/52434 Supporting Literature: _ C ion for EPM
order, denoti_ File Folders will Optimally Contain: Study Metadata
Between Vec Trackil Raber, et al, 201 File, Processed Data Outcomes File, Image of EPM
S Arena Image, Image of Familiar Objects, Image of

Interval betw (Name httos://www.frol
sessions (mir Speed, 1-00179/full

Novel Object, Raw Training Session Video, Raw

Testing Session Video?

Measurement: Behavior
Ontology:

it.nci.nih. i _details
f2dictionary=NC| Thesaurus&code=C16326

Prior habitua prior
trials perday cham

_ Supporting Literature: Komada, JOVE, 2008;
ensit https://doi.org/10.3791/1088
Number of Z sec
Number of T tlme

Barnes Assay Gait R

Vivarium Re:
ivarium Res

Walf, NatProtocols, 2007;
i.org/10.1038/nprot.2007.44

and fr,
Numb_Tracking and Anz e Example Value
Other Behavioral
numei Other Behavioral ALSDA ASSAY for EPM
Interv: COGNTIVE ASSAY

(minu Vector of th

T gt Tracking and Analysis system

)

e.g. Ethovision XT 12.0

Subjec Int Platf Other Behavioral assays conducted prior or

- (Iimmbe' = to EPM (free text) e.g. Open Field, Elevated Plus Maze, NOR
Prior habitt—————————— Vector of the sequence of all behavioral tests

Sample n in order, denoting position of EPM (free |e.g. 1. Open Field, 2. Elevated Plus Maze, 3. NOR, 4. Rotorot
text) 5. Morris Water Maze
Number of biol EPM Assay Repeated (unit: YES/NO) e.g. No
Marke  Number of times EPM Assay Repeated (unit:
lecula)t i eg.0

PHYSICAL

Subject Handling Frequency and Technique (free
hand)

e.e. Twice a dav. scruffing nosterior neck




Siddhita Mhatre ~ Janani lyer Josh Alwood Egle Susanna Rosi Kira Rienecker Val Fajardo Jessica Braun Andrew Wyrdbeck Svetlana Komarova Mattias Neset

Cekanaviciute .
@ ﬁxﬁmﬂ Center w Br@CK ‘ @ MC Glll

. . . . v Lt , ’Sciences ¥/ UNIVERSITY
Model Translation & Space Biology Integration (MTSBI) University of California University .

San Francisco

e ¥R

Mari Mortreux Mary Bouxsein Rich Britten Jeffrey Willey

&% Harvard EVMS

S Medical SChOOl Eastern Virginia Medical School

WAKE FOREST

UNIVERSITY

LOMA LINDA
UNIVERSITY

14 el :
ynWong  Ryan Scott Danielle Lopez  Samrawit
Gebre

Dan Berrios  San-huei Lai Polo Sylvain Costes Evel

@ A _ NASA Open Science for Life in Space: ALSDA and GenelLab




Multi-Project Submission Portal — Beta version February 2022!
- Submit Directly to ALSDA, Curate Datasets According to Standards!

' Description Samples Assays Protocols Files Study Validations

Welcome to NASA GenelLab - the first comprehensive space-related omics database; users can upload, download, share, store, and analyze
spacefligh: i data from experiments using model organisms. + Add Assay

Data Repository IEI Analyze Data Environmental Data
Search and upload spaceflight datasets Perform larg ! lysis of bi 1 data colls d during exp
omics data in space

Histone Modification Profile

Visualize Data
Interact with GeneLab processed data

Submit Data

Have space-relevant data to submit
to GenelLab?

@ | Collaborative Workspace

Share, organize and store files

Novel Object Recognition

Environmental Gene Survey

Search Data x Q Transcription Factor Binding Site Identification
JAI [ GeneLab [JNIHGEO []EBIPRIDE [J]ANLMG-RAST @ ALSDA

Post-Transcriptional Modification Profiling

Search Filters (GeneLab Only)

Project Type W/ Factors %\ | Organisms \/ Assay Type  \/ Clear Hlstomorphometry

-
Protein Identification Ad d N g
Page 1 of 13 (Total Studies: 302) Next >
Show Only: TR -
Studies Per Page: . . . . P h
O Studies With Visualizations o Protein-Protein Interaction Detection en Oty p IC
Effects of Spaceflight on Bone Microarchitecture in the Axial and Appendicular Skeleton in Growing Ovariectomized Rats Radiation Measurement
Organisms Factors Assay Types Release Date Description . )
Copy Number Variation Profiling
Rattus norvegicus Spaceflight Radiography 25-Feb-2020 This study investigated the effects of a 14-day spaceflight on bone mass,
/ Ovariectomized density and microarchitecture in weight bearing (femur and humerus) and .
GLDS-426 Age non-weight bearing (2nd lumbar vertebra and calvarium). Radlography

Alternative splicing regulates the physiological adaptation of the mouse hind limb postural and phasic muscles to microgravity

Organisms Factors Assay Types Release Date Description
Mus musculus. Spaceflight transcription profiling 25-Jun-2021 We sought to comp ly elucidate the i pinning
Tissue of microgravity-induced muscle phenotypes in mice by evaluating both
differential gene expression (DGE) and changes in alternati..

GLDS-401




Science Data Viz Tools: GenelLab & ALSDA In Unison

Genelab Visualization

+ Add Visualization

Title: Low dose ionizing
radiation treated
lymphoblastoid cells
Organism(s): Homo sapiens
Number of Genes: 3
Number of Samples: 29

Group Selection

Group 1: EEENIENEIIEA
106GY G5 137 v
Group 2: EEENIESEG
106GY Cs 137 v

Update

Home About + Data & Tools + Research & Resources + Working Groups + Help +

GLDS-154 PCA G=es { GLDS-154 Volcano S }
g Q m
; 60
® 1cGy&GM15036&Cs 137 &
® S5cGyRGM15036&Cs 137 E S0
® 7.5cGy&GM150368&Cs 137 =3 .
’ ® 10cGyBGM15036&Cs 137 T 40 - R ye . ° ¢
® 1 = - ‘:‘"
o 9@ " eee © T 30 . -,: . 0 0
| i ALSDA Visualizatio
7 ® 10cGyBGM155108&Cs 137 g 20 ®
-2 oe [ ] . 0
i it | 2 10
a 0 E:
1 2 .
o 2 LSDS-110
= -4 -3 -2 -1 0
Mission: STS-108
GRSkl Tissue: Femur (D)
Copy | csv Excel PDF Print LSDS 1 15
Symbol *  LOG2FC PVAL ADJP Q
e
Mission: STS-118
AICF -0.21412445955871898 0.140044783636509 0.235582026775591| "
Tissue: Femur (M)
A2M -0.278870640457737 0.0168261972627878 0.04192762931130(4
A4GALT 0.6528971984406539 0.000472096578511958 0.001943453729121|
A4GNT 0.22568961676817 0.0368682008857329 0.079793644405124 Q LS DS'1 1 7
AAAS 0.256415830716767 0.0347806648624293 0.075983229710984
AACS 0.270106339252687 0.0036753095210389298 0.011495375157601 M' H o
ission: STS-131
AADAC 0.266281006585801 0.0143429324813231 0.03668228807567¢ T-
issue: Femur (M)
AAGAB 0.643684603566528 6.53918075887074e-06 4,62891318431097¢

(d
Genelab

N

Q LSDS-89

Mission: Bion M1 (1)

Tissue: Femur (M,D)

Mission [ Daysnse 1 SFvsGC =
STS-108 1 12
STS-118 13 12 —-
STS-131 15 8 L 3
o Bion M1 (1)* 30 3 —
.Q Bion M1 (2) 30 5 ——
S SpaceXCRS-9 39 5 —=—
SpaceX CRS-10 28 10 ——

3 —a—

SpaceX CRS-12 34
Mice _______ ____________ -

TRABECULAR THICKNESS — FOREST PLOT

FEO

Mission ____ [ Daysnse ______ SFvsGC
STS-108 12 12 ——
STS-118 13 12 ——
STS-131 15 8 -

g BionM1 (1) 30 3 —

& Bion M1 (2) 30 5 —a—
SpaceX CRS-10 28 10 —a—
SpaceXCRS-12 34 3 I




Assess Science Data AND Environmental, Mission Data

Rodent Research Environmental Data

NASA Genelab Individual missions Compare

Compare Environmental Data Among Datasets

Radiation Temperature Relative Humidity co2

Mission Date

Spacetlight Temperature (Celsius)

L G . S5 e —RR1
Jlalneh mal_transfer Sac2 H Sadec! Sacd 4
25 ata giemg o = ey s
e : T & 2 s iz : — RR9
e RR12

N
ks

- = : ‘AWW ,

raceflight Temperature (Celsius)

3 N
’ (=]

Radiation Temperature Relative Humidity co2

Spacetlight Relative Humidity (%) s -
paceflight (ppm)

"'i‘ﬁ'?"*‘"m&ém“hw LG gﬂ-k‘hﬁ"ﬂ'hrlwﬂgﬁi*. ‘

aceflight Relative Humidity (%)

Sp




New! Open Science Modeling Hub and Analysis Portal

of multiple datasets

Streamlined Data Integration

Data

External Data
(Ensembl, SRA, etc)

Search & Integration
Dashboard

p
| |

Curated dataset/s

Open Science for LifeinSpace | Home  About v Data & Tools v Research &

My Integrated Dataset

sssss

spaceflight

Group Selection

® Space Flight

Group 1:
P So ® Ground Control
Basal Control v 4

0 —+
1
1 v | onearth v 59
2 (ot 0
A o

vl
B8 o8  Basal Control

Modeling Hub

suite of machine learning
and modeling tools

for Life in Space

& Adj. Rank Distribution ﬁ;
")

Modeling Hub

<
[}
o
o
»

Automated pipelines for a

CRISP

LookingGlass

Analysis Portal

Interactive analysis dashboard of
modeling and analysis results

Hearing Loss,

Space Motion
_____Sickness

CRISP most important
causal variables



https://doi.org/10.3390/life11010042

Benchmark Microscopy Dataset

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

i Approach:
i -Radiation exposure microscopy DNA damage dataset, distinct foci (Pl: Costes)
maximum automatically
intensity estimated
projection nfoci
16-bit
conversion

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

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

Genomlc to Phenotypic: CRISP and Hepatic Dysfunction

Images (k)
w
o

60

50

40

20

10 B
0

nfoci0  nfoci1-9 nfoci10+

: -Transcriptomics, Histology; Four Spaceflown Rodent Liver Datasets

-Ensemble Learning; Causal Research and Inference Search Platform

number of models

6000
|
| ]

4000 s
.

2000 I

o - - l--______g

weighted_coefficient

2000
s a0 z[Glo[Blo 2 2 2 » v » ¢[Z]lo 3 ¢ =
‘Qaaa§aa§a§§%ggegg|:||mkedtoNAF|_
X @ 3 3 )
3 g hBx ] z o in the literature
R B

(Credit: BMs: Sylvain Costes & Eduardo Almeida; CRISP:

Benchmark microCT Dataset

-CT is key to assess space biological bone impacts
i Approach:
i -Mouse mCT dataset, both spaceflight and group (PI: Aimeida)

\\\_

Hindlimb

Femoral Head
and Pelvis

Federated causal mference, Earth data and ISS spaceborne data
R & S S g h
= & 8

SFLUID \
Space-borne \
CRISP-FL Containerized / aws,
Dep'°vmem CRISP FL
Genelab ‘l)ggnef! ;
- oPchrch - : o §
. : : TRABECULAR BV/TV — FOREST PLOT F=0a tLa | Te® . ¢
ALSDA Visualizatiorjia i =ug v cRiseAL
New and improved
federated model
Mission ___I Daysnse SFvsGC . : L /
STS-108 12712 . . ) JEEEN ZAN v
fearee STS-118 13 12 - Y Y Y
Mission: STS-108 STS-131 58 Causal | OpenfL ; Local OpenfL | Test and
Tissue: Femur (D) g|on m gg* gg 3 —— Clnferencing Distribution Training Federation repeat D
o ion 5 —
SpaceXCRS-9 39 5 —=— 2
B Lsos-115 e I e i s———— S
SpaceXCRS-12 34 3 ——=—— B
ntify Bone Risk: DAG Proof of Con
Mission: STS-118 Mice - - Q ua tfy one S G oot o co cept
Tissue: Femur (M)
LSDS-117 ne
a  TRABECULAR THICKNESS — FOREST PLOT 5213 / 50 - \\
Mission: STS-131
. Mission ____ Daysnse _____ SFvsGC ____ - T
Tissue: Femur (M) STS-108 s . ® =
STS-118 13 12 B Altered Gravity Skeletal Loading smenmm ling, Sk | nl Fragility
STS-131 15 8 = \
Q LSDS-89 gBonM1 (% 30 3 o
& Bion M1 (2) 30 —— Ny
e : SpaceX CRS-10 28 10 - E
Mission: Bion M1 (1) SpaceX CRS-12 34 3 Bone Trabecular Changes
Tissue: Femur (M,D =
( ) | ] RS -l — Strong neg. Moderate neg. | Weakneg. | No correlation | Weak positive | Moderate pos. Strong pos.
07 06 05|04 03 02|]01 0 01|02 03 04|05 06 07|08




Big
Picture

Imagery Data
Submission Portal -Autg-inges_tion of Metadata
-User Experience et V'ET°°'
2 -Implement Community
d(;lt; ::)Lgiﬁ:; NBISC Curation Standards
-Single point-of-entry S AlI/ML

Modeling

-Predictive
-Hypothesis Driver
-Countermeasure

Repurposing

Curation
-Ensure Science Quality
-Community-Determined

Data Management Standards with AWG

-Storage -Refine ‘Configs’
-Automated Data
Submission Agreements Open Science Data H
g wﬂy Basic Tools
-Computational Analysis
Legagy Datg -Cross-Experiment Analysis
-Curation of high-value -Meta-Analysis
ALSDA datasets -Data Vizualization
Biospecimens
-Seamless Transfer of
Metadata between ) FAIR & Open Data
BSP-NBISC-GL-ALSDA AI/ML & High-End Compute b
m -Al-Readiness of Physio-Phenotypic Data -Metadata: Investigation, Study, Assay
-Support Benchmark Datasets -Outputs: Raw, Processed
-Enable new field of users of NASA data -Mission-Payload: Environmental, Telemetry

for life sciences

Mission & Telemetry
-Streamline and
Automate Collection
-Standardize
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