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Importance of ALSDA Data Standardization

Mission Telemetry Data

Return

Hierarchical Organization of Biological Complexity

Physiological, Pathological, Behavioral Formats

neurodegenerative . -Tgpular
metabolic -Bioimage

e -Video

Relative Humidity,
Temperature, CO2, 02,
Airflows, Acceleration,

Radiation, Acoustics, etc.

Phenotype

Cellular
process

This Integration Enables Multi-Hierarchical, Multi-Modal Data Mining
Together, for Many Computational-Informatic Approaches

June 30, 2022 — AWG Symposium — ALSDA AWG Updat
ryan.t.scott@nasa.gov




Open Science Data Repositories
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What this means for Egress and Ingress of Data

eLab

<

Welcome to NASA GenelLab - the first comprehensive space-related omics database; users can upload, download, share, store, and analyze
spaceflight and spaceflight-relevant data from experiments using model organisms.

Data Repository Analyze Data Q Environmental Data
Search and upload spaceflight datasets Perform large-scale analysis of biological data during
omics da d in space

Visualize Data

Interact with GeneLab processed data

Submit Data

Have space-relevant data to submit
to GenelLab?

@ | Collaborative Workspace
© @ | share, organize and store files

Search Data xQ

DAl GeneLab (] NIHGEO [ EBIPRIDE [ ANLMG-RAST [ ALSDA

Search Filters (GeneLab Only)

Project Type W/ Factors \/ Organisms  \/ Assay Type W/ Clear

Page 1 of 13 (Total Studies: 302) Next >
Show Only:

i i e Studies Per Page: (25 v
[ studies With Visualizations

Effects of Spaceflight on Bone Microarchitecture in the Axial and Appendicular Skeleton in Growing Ovariectomized Rats

Organisms Factors Assay Types Release Date Description
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)

Alternative splicing regulates the physiological adaptation of the mouse hind limb postural and phasic les to microgravity
Organisms Factors Assay Types Release Date Description
Mus musculus Spacefiight transcription profiling 25-Jun-2021 We sought to elucidate the
Tissue of microgravity-induced muscle phenotypes in mice by evaluating both
differential gene expression (DGE) and changes in alterati
GLDsS-401

Description Samples Assays Protocols Files Study Validations

+ Add Assay

Histone Modification Profile

Novel Object Recognition A d d i n g

Micro-computed tomography M PhenOtypic

Transcription Factor Binding Site Identification

Post-Transcriptional Modification Profiling

Assays to

Histomorphometry PO I‘ta I

Protein |dentification

Protein-Protein Interaction Detection

Western Blot

Copy Number Variation Profiling

Ultrasonography

Cancel




Open Science Community and the ALSDA AWG

ALSDA Analysis Working Group:

- 8 Meetings
~100 Members
~30-55/Meeting

External SMEs

Human Research
Program
.. Reseachers
22%

Both
5%

Sﬁace Biology
NASA Staff/Mgmt esearchers

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)

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)

Behavior (Contextual Fear Conditioning)
Behavior (Rotarod)

Behavior (Wire Hang)

Behavior (Escher Staircase Track)

Drafted c
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ALSDA Assay Metadata, Image, Outcome Measure

o Micro-Computed Tomography (microCT; uCT)

File Folders will contain: Study Metadata File, uCT |Mezsuremen!: Bone Microstructure
Assay .log fi

ALSDA Assay Metadata Configuration for Western

Supporting

Western Blot /
doi

i
File Folders will contain: Study Metadata File,
Assay Results (Outputs; .txt files raw values),
Western Blot Assay Raw Images and Stained
Imagery a|spA Assay Metadata, Setup, Outcome Measure

0 i ion for Barnes Maze

Measurement: Protein Quantification

File Folders will Optimally Contain: Study Metadata File, |Measurement: Behavior
— Processed Data Outcomes File, Image of Barnes Maze, Ontology:

Degaspe y . - Inci

e/ mage of Aversion device, Image of the Room. Raw Training :

Sca) https://« Session Video, Raw Testin, ALSDA Assay Metadata, Setup, Outcome Measure

N Barnes Maze

DOI: 10.4

Volu o ing Literature: B for Gait Gait

DOI: 10.1523/INEUROSCI File Folders will Optimally Contain: Study Metadata |Measurement: Behavior
PMID: 7931545 File, Proce ALSDA Assay Metadata, Setup, Outcome Measure.
Chamber iConfiguration for Open Field Open Field

Britten, Rad Res, 2012; pf Video(s), T
DOI: 10.1667/rr2637.1 _ Light Fixtu
Subjects d ALSDA Assay Metadata, Image Configuration for

Meacirament- Rehaviar (anxiety Incamatar and evnlaratary

Microscopy
‘SupportinFile Folders will Opt Microscopy
Kwok, Life Fle, Processed Data

P 10.1016/jmage, Raw Testing ! Measurement:  Molecular/Cellular Imaging

SP/5005-0016

Supporting Literatur File Folders will contain: Study Metadata File, Ontology:
- nd WL Assay .log file (REQUIRED), 2D images | http://purl.bi

a
10.3791/52434 ALSDA Assay Metadata, Setup, Outcome Measure
Other Behavioral assays ct

Elevated Plus Maze (EPM)

Supporting Literature: ion for EPM
after the Barnes (free text Raber, et al, 2019, _ File Folders will Optimally Contain: Study Metadata
. File, Processed Data Outcomes File, Image of EPM
Vector of the sequence of . -
— i Tracking a 19.00179/full Arena Image, Image of Familiar Objects, Image of
Novel Object, Raw Training Session Video, Raw

order, denoting position o (name/coi
Testing Session Video?

Measurement: Behavior
Ontology:

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

Between Vector, how muc Speed
ing Literature: Komada, JOVE, 2008;

Interval between habituat Prior habit

sessions (minutes, hours ¢ chamber ps://doi.org/10.3791/1088
Prior habituation to the pl Gait Repe:
trials per day, # days) Interval fr Tracking and Analysi
Barnes Assay Repeated (u and from (o~~~

Pixels i
Pixels Size ( https://doi.org/10.1038/nprot.2007.44.
Chan]

Vivarium Resting Session (Number o t
numerical  vector of the s¢

Interval beperformed in order, Example Value
(minutes, Intery ALSDA ASSAY for EPM
(min Platfi COGNTIVE ASSAY ARRANGEMENT
SubjectH;  Prior habituati Number of samp Tracking and Analysis system
oy Sample (name/company/version) e.g. Ethovision XT 12.0
Other Behavioral assays conducted prior or
Number of biol. concurrent to EPM (free text) e.g. Open Field, Elevated Plus Maze, NOR

Marke  Vector of the sequence of all behavioral tests
Molecule / stry_Performed in order, denoting position of EPM (free
text)

e.g. 1. Open Field, 2. Elevated Plus Maze, 3. NOR, 4. Rotoroc
5. Morris Water Maze

EPM Assay Repeated (unit: YES/NO)

e.g.No

Number of times EPM Assay Repeated (unit:
numerical)

eg.0

PHYSICAL

Subject Handling Frequency and Technique (free

ALSDA AWG Accomplishments:

©.0. Twice a dav. seruffing nosterior neck

- ~20 Assay Metadata Configurations
- Submitted Data for Curation to Use Configs

- Mission Telemetry Feedback

- Al-Readiness & Data-Results Template

Feedback




ALSDA Science and Data Workflows
Assay Metadata Configurations

Possible Revisions

\ 4

' ALSDA ‘

Sent to DS
. . Checks .xml
Which AWG Drafts ISAconfigurator Code in Monthly
A : _ .
ssay SC|ence. xml Version ISAcreator Group
Content in Upload
\ Collab Doc

Dataset Curation

¢ Possible Revisions

v
Submitter or Curates ( Data (" submits/ )

Dataset ALSDA has . Ensure no
Targeted/ Data and ALSDA Investigation- Processing g AtthheS Embalrgo
R Publication Creates Sample- Assay- for Tabular Results Data Con.tro ,and

for Curation LSDS/GLDS Level Metadata Data-Results Based on Public Release
Entry in TIDY Template to of Dataset

Format \_ Dataset

Tabular Data-Results Templates

l Possible Revisions
Template Should Based Ppon AWG Apply for Use
Have Science and Literature, in TIDY/Results
Content on Create Templates for Each
Variables/Results for All Assays Dataset

Overall
Naming &
Structure
Template
Built
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Meta-Analysis, Literature Mining, and Curating Legacy Datasets

Previous Bone Meta- AnaIyS|s

Mi it
ARTICLE  OPEN np)j ‘ icrogravity

A systematic review and meta-analysis of bone loss
in space travelers

Mariya Stavnichuk (', Nicholas Mikolajewicz**, Tatsuya Corlett (3**, Martin Morris (3 and Svetlana V. Komarova ("***

npj| |Microgravit
ARTICLE OPEN pJ ¢ y

Bone health in spacefaring rodents and primates: systematic
review and meta-analysis

Jingyan Fu'#, Matthew Goldsmith'*, Sequoia D. Crooks', Sean F. Condon', Martin Morris (3* and Svetlana V. Komarova (' 2>

New Cardiovascular Project/Approach

Outcomes in Humans and Animals; Actual or Simulated Microgravity
Step 1) Organize knowledge & data changes in CV parameters
Step 2) Correlate CV outcomes w/additional organ interplay (e.g. bone)

Data Extraction - .
Literature Search Literature Screening _ Mission Linkages
Data Curation

Literature

Review Analysis

Cardiovascular/Bone

|l Overall Drafting

Study Design Final Selection

Involvement
Various Pls, Labs, ALSDA AWG

B McGill

NIVERSITY

Willie, Saswati Das

~100 Students/Young Professionals

-Volunteered to obtain research experience

-Majority Underrepresented Background in STEM

(e.g., First-Generation, Women, Minority, Disadvantaged
Backgrounds, Disabilities, etc.).

+

NN

Svetiana Mattias  Sunny Drs. Sl_Jsan Bloomfield, Michael Delp,
Komarova Neset Narayanan | Katherine Baxter, Nate Szewczyk, Russell
Turner, Benjamin Levine, Jay Buckey,
Marjan Boerma, Dawn Bowles, Bettina
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AN A
4
-\, X

ALSDA Data Curation

1st Author GLDS Configs needed Bones Pl Link Mission/Paylc
Berg-Johansen caudal https://doi.org/10.1002/
2015 GLDS-471  |mCT vertabrae 4  [Alan Hargens |jor.23029 Bion M1 ALSDA Visualizatio
. . - ps://doi.org/10.
histology (ight ~~ [tbia, pies ’ﬁ’j'g‘gra gf;; 5R23/ COSMOS
) prequ.1983.244.3.
Jee 1983 GLDS-475 | microscopy) humerus | Webster Jee |, 1129 Q LSDS-110 Mission Davs il SFvs GC
STS-108 1 12127 T
ission: STS-118 13 12 -
histology (light ischium, Eduardo https://doi.org/10.1371/ .':f:'::::;nl:s;ﬁu:?g) STS-131 " 15 8 -
Blaber 2013 |GLDS-474 | microscopy); mCT _ |femur Almeida |journal.pone.0061372 |STS-131 : SoMi . . _—
SpaceXCRS-9 39 5 —=—
tiba, a LSDS-115 Essﬁxms 10 28 10 —a—
humerus, SpaceXCRS-12 34 3 ——=——
histomorphometry,  |lumbar 5, https://doi.org/10.1016/ Mission: STS-118 Mice __________________- - |
Lloyd 2015 GLDS-472 |light micro, pQCT  |femur Ted Bateman |j.bone.2015.08.021  |STS-108 Tissue: Femur (M)
https://doi.org/10.1016/ g LSDS-117
Zhang 2013 GLDS-486 |mCT calvaria Alan Hargens |j.bone.2013.06.009  |STS-131 m

Mission: STS-131

S Mission ____ Daysnse______ SFvsGC _____ -
. Tissue: Femur (M) S?il?g 1% g _._+
- Demonstrate Value in Legacy Data I
Q LSDS-89 gBlonM1(1) 30 3 ——
g Bion M1 (2) —

- Community Curation ApproaCh Mission: Bion M1 (1) EW—.__._
Tissue: Femur (M,D
- More Data, More Reuse —

MIGE. s i N -




ALSDA Data Currently in Reuse

Strong neg. Moderate neg. | Weak neg. | No correlation | Weak positive I Moderate pos. ] Strong pos.
07 06 05|04 03 02|01 0o o01]o2 03 o4 |05 06 07|08

i ......................................................................................................................... "
: Benchmark Microscopy Dataset : : Benchmark microCT Dataset
i -Huge amounts of microscopy data in space biology, time consuming, manual annotate i ; .
: Approach: 3 : -CT is key to assess space biological bone impacts
i -Radiation exposure microscopy DNA damage dataset, distinct foci (Pl: Costes) ' : Approach: _ _
= 3 i -Mouse mCT dataset, both spaceflight and group (PI: Aimeida)
é\;/\éé E. ............................................ E..........................................................................E ...................... }
e, menmm womaicai  F@Aerated causal inference; Earth data and ISS spaceborne data
r ey projection eszrfziged E APPDAT Managed Compute Environment
-... 16°0it N f 4 N
Raw Dataset (n=94,193): Max Intensity Dataset (n=94,193): : SFLUID = B\ T rens
32-bit Z stacks (9 indices) 16-bit single-index TIFFs / CRISP-FL  Space-bome \
_....E ................................................................................................... . ......................... CRISP:£L Containerized. / ) CRISP-FL -
3 CRISP-FL /. intel o
: Genomic to Phenotypic: CRISP and Hepatic Dysfunction: a0 (e
: -Transcriptomics, Histology; Four Spaceflown Rodent Liver Datasets - .
: -Ensemble Learning; Causal Research and Inference Search Platform o e J B
6000 nu:be:,wmouels Ca\‘l/JsaI V ; O;:enFL ; Lo::al Y Op;nFL ) ‘:I;estand/
"3 Clnferencing Distribution Training Federation repeat D
E 4000 m s Model improvement / adaptation
& [ I
8w I ALSDA VisualizationfeReeEi LA B DL
% , L B l_________ Q LSDSA10 - o SFVSGC ......................................... s o s
s ek 8% Omics and Phenomic Muscle Data using explainable xAl (Qlattice) to
Mission: STS-108 i - E
Tissue: Femur (D) ghomiie B 5 e |dent|fv drivers of fast vs slow-twitch space muscle impacts
225222§ Rt 1o T —md A
e | Pantars - Transcriptomics (RNA-seq)
PR st - “wi [\}\—/‘T Tibia §
{TRABECULARTHICKNESS—FORESTPLU:T 4' i o - Methylation
pan !\Sﬂ,TlAss;%E,_,AD,a‘Z,s,quz ,,,,,, SFvs GG mmmm?xo[ - .
@ - :,@\/ 1St AWG 212-:‘];? 12 182 _.:F: Gastrocnemius o Proteomlcs
@BionM1(1)* 30 3 —-
e B T e Man uscriptl S ShaceX CAS-10 28 10 —- J .
B : SpaceX CRS-12. 343 - L &t - Calcium uptake
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Big Picture for Open Science for Life In Space

AI/ML
Modeling

-Predictive
-Hypothesis Driver
-Countermeasure

Repurposing

Basic Tools

-Computational Analysis
-Cross-Experiment Analysis
-Meta-Analysis
-Data Vizualization

FAIR & Open Data

-Metadata: Investigation, Study, Assay
-Outputs: Raw, Processed
-Mission-Payload: Environmental, Telemetry

Open Science Data Repositories

Scientific Data Mission-Telemetry Next
(omics: phenoty?ic; Data
tabular, images, video) ==

Next
Submission Portal, Imagery &
Single Point-of-Entry Video Data
Curation
Bioinformatics Standards

Analysis Portal

Curation of N eXt

Precious
Legacy Data

Efficient Data
Management

Biospecimens
Processing,
Biorepository Access

Al/ML, Knowledge
Graphs, Computer Vision,
High-End Computing,

Benchmarking
Next

Environmental-
Telemetry
Analysis Portal

Sample Processing,
Sequencing, Data
Production

New Knowledge; Faster Pace;
Inclusive & Diverse Access



Th|nk of Yourself as a C|t|zen of T|me AII Spaoe Related BlologlcaI/BlomedloaI Data are
' PRECIOUS Current and Future Natlonal and Internatlonal Resources |

Keep This in Mrnd Every Payload . e | '~Th|s Ensures

',Every Ground Experrment

| 1) Repeat Knowledge
. VDrscovery
. 2) Ecosystem
Platform
Devel‘opment

~ 3) Involvement of the

Data and Metadata g(c;orllgrartron Rk
Stewardship from Start to Disc overy»’”‘" »
“Submission is Crucial to | ‘_ , 
Make Data Maximally =~ 4) Operatronajf

~ Findable, Accessible, » _Mrssron-;
.'Interoperable Reusable | |

o
s

.—4.‘;-



