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NASA BPS Open Science Enterprise Solution: genelab.nasa.gov
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» Open access data

 FAIR (Findable, Accessible,
Interoperable, Reusable)

« Controlled access tools

» API -internal and external

» User Friendly Interface

e Tutorials

» Self-service Submission Portal

Application

Data Collaborative Environmental Analysis Visualization
Repository Workspace Data Platform Platform

» Federated search — GEO, PRIDE, MG-
RAST, ALSDA
» Database & Cloud — Scalable, easy
aCCess, fast Federated Search, Customized
e Web apps g:;arﬂ\lf:etadata No SQL database web apps
» Data Access & Management
e Security
e Operation
* Governance and Integration
* Open Source software — no

maintenance cost for software

e Multiple data sources
e  Standard metadata organization

«  Open file formats GL generated PI Submitted External

Databases Publications
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Studies

371

Datasets

Fruit flies Fish ~ Other
Invertebrates 3% 2% 1%
4%
Plants
Ground 12% Rodents
Spaceflight 43% 28%
55%
Human
19%
High
Altitude Microbes
2% 21%
RNA methylation ASSAY TYPE

Protein expression 1%
profiling

Metabolite profiling

profiling

8% Transcriptomicg
69%

Microarray

1%
58%
Metagenome profili
8%
Whole genome
sequencing RNA-seq
6% 42%

DNA methylatio
profiling Association

6%

1%

27 LOW DOSE RADIATION
STUDIES IN GENELAB
DATABASE

malpha = Fe mgamma = O mproton = x-ray

® human = mouse




From multiple databases to a knowledge-based system

Patient
\ (e.g.NIH,DOD,..) /4

Human phenotypes

o U Y
Gen_g?Lgb

~ "; Knowledge Granh Modem

O m iCS d ata y y Gene A 5EP Ground v Baseline s

/Q\ )

OPEN SCIENCE
Submission AR En Knowledge-
Portal el - gt e based Predictor
Causal Inference Models —

P I Non-Omics |
data

|  ALSDA

MODELING PORTAL (Al/ML)



Open Science for Life in Space
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Low dose data are highly relevant for A%
.. Genelab
NASA space missions 3

Jo

Application

Mission Date GCR Daily Dose (mGy/Day) Environmental
a5 Data
RR1 N
AR3 - o
. _ 8 - o
RR5 2017-06-01 05:00:00 g | . 3
o e — ¢ GCR dose highest at solar min =
o e O
RR7 2018-07-01 04:49:00 § o O
RRi2. 2019-04-17 19:18:00 s <
' 2 0.25 ol
RR19 0019-12-03 10:24:00 8 -~
0.2W v ©
5 10 15 20 25 30 35 40
Select plots to display D ince launch .
@ Timeplot LA Space flight data:
Boxplot
Bar hart Low dose rate: 0.2-0.4 cGy/day
Show landmarks Accumulated Radiation (mGy) & LOW dose: <10 CGy

12

" Dose solar max g K-X<c)", 3.6 cGy

g . 1SS Mouse Astronauts
— RR1 . Duration 30days 180 days
HR § . Dose solar min FERXI{c, 7.2 cGy
— RR12 £
E

Days since launch



HRP and DOE Low dose funded research — All
dataset are assigned a DOI (FAIR database)
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GLDS-366

Version 1

© DEescriPTION
[) ProTocoLs
& SAMPLES

& ASSAYS

[M) PUBLICATIONS
5 sTupvFiLEs

:#l visuALIZATION

Search Data

@ Version 1

Select a Version: | 1 v

DOl 10.26030/v8w4-rgd3
Source Accession Number(s)
Total Data Volume: 64.2 MB
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GLDS-366: Coalescence of DNA double strand breaks induced by galactic cosmic radiation is modulated by genetics in 15 inbred strains of mice

Submitted Date: 29-Sep-2020
Release Date: 19-Aug-2021

DESCRIPTION (1)

Study Description

This study analyzes the variability of responses to simulated deep space radiation amaong 15 commonly used mouse strains. Ex vivo primary skin fibroblast responses
to high mass-high charge particles and X-rays were analyzed by quantifying DNA damage-sensing protein 53BP1 positive radiation-induced foci (RIF) as a surrogate
biomarker of DNA double strand breaks (DSBs). Primary skin fibroblasts were isolated from 10 collaborative cross strains and five reference inbred mice (C57BI/6,
BALB/CByJ, B6C3, C3H and CBA/CaJ) and exposed to 350 MeV/n Ar and 600 MeV/n Fe particles as well as X-rays. Our results indicate that nearby DSBs coalesced
into repair units characterized by large RIFs. Such model has the advantage of being much more efficient molecularly, but is poorly suited to deal with cosmic radiation,
where energy is concentrated along the particle trajectory. Thus, we observed a large density of DSBs along each particle track and the percentage of unrepaired
DSBs that increased with linear energy transfer of the particle over 48 hours post irradiation. Furthermare, persistent RIF levels ex vivo were well correlated with T and
B lymphocyte survival in vivo in 10 collaborative cross strains 24 hours after 0.1 Gy whole-body dose of X-rays, suggesting that persistent RIFs might serve as an ex
vivo biomarker for in vivo radiation toxicity. Finally, we performed genome-wide association study to identify the genomic associations with dose responses to ionizing
radiation, marked as Foci per Gray (FPG), as well as with background DNA repair levels (BGD). This dataset includes GWAS data as well as FPG and BGD values for
each sample and condition.




Mouse variability and genomic associations
with radiation responses

2 fluences
(1 and 3 particles/100 um?)
I EEEEEEEEEEEERN

« 56Fe (600 MeV/n)
« 40Ar (350 MeV/n)
Gammarays, 0.1 Gy & 1 Gy

3male, ¢
3 female %

5 inbred strains .
10 Collaborative Cross Cu

Low dose | —  strains

fibroblasts

animal model

developed by GWAS 4h & 24h post irradiation

Lawrence YONGE:0N0%  DNA DSB — 53BP1+ foci
{ Berkeley

National
Laboratory Low Target genes

dose program [ B _
< Predicted
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Different strains for GWAS are easily visible in

sample tables
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GLDS-366

Version 1
© DEscrIPTION
[¥) ProTocoLs
& SAMPLES
& ASSAYS
/M) PUBLICATIONS
N sTubyFiLes

il VISUALIZATION

Source Name

B6C3F1

BALBCF1

C3HF1

C57BLF1

CBAF1

B6C3F1

Sample Name

B6C3F1_P235_F4_B6C3...

BALBCF1_P235 A8 BAL...

C3HF1_P235_B4_C3H_F...

C57BLF1_P235_A6_C57...

CBAF1_P235 E2 CBA F...

B6C3F1 P234 F4 BBC3...

Characteristics:
Organism

Mus musculus

Mus musculus

Mus musculus

Mus musculus

Mus musculus

Mus musculus

Factor Value:

Strain

B6C3 Mouse

BALB/cByJ

C3H/HeMsNsrf

C57BL/6J

CBA/CaJ

B6C3 Mouse

Characteristics:

female

female

female

female

female

female

seXx

Application

Data

Repository

Characteristics:
Material Type

primary cultured fibroblast
cell

primary cultured fibroblast
cell

primary cultured fibroblast
cell

primary cultured fibroblast
cell

primary cultured fibroblast
cell

primary cultured fibroblast
cell

growl

growl

growl

growl

growl




Assays are selectable
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GLDS-366

Version 1
© DEscriPTION
[) ProTOCOLS
& SAMPLES
& ASSAYS
[M) PUBLICATIONS
N sTubyFiLes

bl vISUALIZATION

®

Select Export Columns

Technology Pla

histology

Sample Name

B6C3

BALBC

C3H

Co7

Technology T Genome-wide Association Study

Genotyping

Genotyping

Genotyping

Genotyping

. | Parameter Value:

QA Instrument

NanoDrop 2000 UV-vis
spectrophotometer

NanoDrop 2000 UV-vis
spectrophotometer

NanoDrop 2000 UV-vis
spectrophotometer

NanoDrop 2000 UV-vis
spectrophotometer

NanoDrop 2000 UV-vis

Platform

MegaMouse Universal
Genotyping Array
(MegaMUGA platform)

Megalvlouse Universal
Genotyping Array
(MegaMUGA platform)

MegaMouse Universal
Genotyping Array
(MegaMUGA platform)

Megalviouse Universal
Genotyping Array
(MegaMUGA platform)

MegaMouse Universal

Parameter Value:

©
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Extract Name

B6C3

BALBC

C3H

C57

eneLab
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Data

Repository

: Array Data File

GLDS-

GLDS-

GLDS-

GLDS-

GLDS-

366_SNP_Merged GENO. ..

366_SNP_Merged GENO. ..

366_SNP_Merged GENO._.

366_SNP_Merged GENO. ..

data t

data t

data t

ASSAYS/MEASUREMENTS (1)

Assay Name:‘ Genome-wide Association Study ¥ ‘




ALSDA non-omics histology data are linked to
GenelLab via the assay selection
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Data
Repository

@ Select Export Columns

g ASSAYS/MEASUREMENTS (1)
Assay Name: | histology ¥

Technology Platform-
Technology T Genome-wide Association Study py assay

GLDS-366

Version 1

histology

© DEscriPTION Parameter Value:
secondary

antibody

Parameter Value: : Comment: - Comment:
primary antibody Dilution factor Incubation time

Sample Name : Protocol REF

[} PrRoTocoLs
Alexa Fluor 488 goat anti-

p SAMPLES B6C3F1_P235 F4 B6C3. .. immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour rabbit 1to 4
a ASSAYS Alexa Fluor 488 goat anti-
B6C3F2_P235_E3 B6C3. .. immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour rabbit 104

[l PUBLICATIONS
Alexa Fluor 488 goat anti-

. B6C3F3_P235_F3_B6C3. .. immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour bbit 1to4
5 sTubvriLes rabbi
_ - : : : i Alexa Fluor 488 goat anti-
Dl VISUALIZATION B6C3M1_P235 C3 B6C3... | immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour bbit 1to4
rabbi
. . ) ) ) ) Alexa Fluor 488 goat anti-
B6C3M2_P235_D4 B6C3... | immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour rabbit 104
_ . ) ) ) ) Alexa Fluor 488 goat anti-
B6C3M3_P235 D3 B6C3. .. immunostaining and imaging | rabbit polyclonal anti-53BP1 1 to 400 1 hour 1104

rabbit
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Images can be accessed via ALSDA (work In

Genelab
progress) |
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0 cGy, 4 hours post-IR, 360 KV Xray 10 cGy, 4 hours post-IR, 360 KV Xray



All peer-reviewed publications associated to G:neLab

dataset are listed

Application

Data
Repository

PUBLICATIONS

Considering Cell Proliferation to Optimize Detection of Radiation-Induced 53BP1-Positive Foci in 15 Mouse Strains Ex Vivo
g Authors: Sebastien Penninckx, Eloise Pariset, Ana Uriarte Acuna, Stephane Lucas, Sylvain V. Costes

PubMed ID: 33181852
DOI: 10.1667/RADE-20-00165.1

GLDS-366 - = - = w - = = =
Dose, LET and Strain Dependence of Radiation-Induced 53BP1 Foci in 15 Mouse Strains Ex Vivo Introducing Novel DNA Damage Metrics
Version 1 Authors: Sebastien Penninckx, Egle Cekanaviciute, Charlotte Degorre, Elodie Guiet, Louise Viger, Stephane Lucas, Sylvain V. Costes
PubMed ID: 31081741
@ DEscriPTION DOI: 10.1667/RR15338.1

53BP1 Repair Kinetics for Prediction of In Vivo Radiation Susceptibility in 15 Mouse Strains

Authors: Eloise Pariset, Sebastien Penninckx, Charlotte Degorre Kerbaul, Elodie Guiet, Alejandra Lopez Macha, Egle Cekanaviciute, Antoine M Snijders, Jian-Hua Mao, Francois Paris, Sylvain V
Costes

& SAMPLES PubMed ID: 32991727
DOI: 10.1667/RADE-20-00122.1

[7) ProTocoLs

D ASSAYS

[B) PUBLICATIONS STUDY FILES o

To view files, click on the folder of interest.

A .
B sTupbyFiLEs + [ Al Files 0 files selected
I » L Genome Wide Association Study Data Files Download Selected Files
Iﬂ VISUALIZATION » | Histology Data Files

» L SNP array
L Study Metadata Files

RESOURCE :
FILES FILE SIZE : CATEGORY RESOURCE DESCRIPTION

e Compressed collection of processed data files and quality report
O GLDS-366_GWAS_processed_associations.csv 53.82 MB Processed data ) ) ) )
assoclated with this study. Formats are platform specific.
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Data file manager allows access to all levels of o ab

C
i
o)
n @
data (from t d VY B
ata (from raw to processed) S A =
< Data
Repository
STUDY FILES (1)
To view files, click on the folder of interest.
0 files selected
4 L All Files
4 | Genome Wide Association Study Data Files Download Selected Files
GLDS-366
.} Processed data
Version 1 4 . Histology Data Files
.. Raw Data Files
o DESCRIPTION L. Processed Data Files
L Raw Data Files/Supplemental Materials
[] ProTOCOLS « [JJ SNP array
.. Raw Data Files
p SAMPLES . Study Metadata Files
. . RESOURCE
& ASSAYS FILE SIZE CATEGORY RESOURCE DESCRIPTION
PUBLICATIONS Compressed collection of processed data files and quality report -
m O GLDS-366GWAS _processed_associations.csv 53.82 MB Processed data p_ ) ) P q ) yrep
associated with this study. Formats are platform specific.
[
5 stubyriLEs
) ) raw or processed data files and quality report associated with this
O GLDS-366_Histology raw_pheno_V3.csv 1.02 MB Raw Data Files rudv. F = it i
lL'I VISUALIZATION study. Formats are platform specific.
) ) raw or processed data files and guality report associated with this
O GLDS-366_Histology_processed_pheno_V2 csv 251.08 KB Processed Data Files )
study. Formats are platform specific.
) o Raw Data Files/Supplemental raw or processed data files and quality report associated with this
O GLDS-366_Histology_Phenotypes_description txt 6.51 KB . )
Matenals study. Formats are platform specific.
) An oligonucleotide DNA microarray used to detect polymarphisms
O GLDS-366_SNP_Merged GENO ixt 8.8 MB Raw Data Files )
in DNA samples.




Low dose radiation transcriptomic
data can be visualized

Visualization
Platform

GLDS-153: Non-targeted effects of low dose _ _
jonizing radiation act via TGF-beta to promote GLDS-80: Response of mammary tissue to high-
mammary carcinogenesis LET HZE particle radiation or low-LET gamma-rays

® Tgfbl heterozygote EB10cGy IREL {\
® Tgfbl heterozygote &10cGy IRE4 {\
® Tgfbl heterozygote BShame-irradiate &
® Wild Typell0cGy IR&] {week} | P
® ®  Wild Typefl0cGy IRE&d {week} ® ® T
& Wild Type&Sham-irradiated&l {wee | ® ® g
40 ' | o0
& - e
® ® o %%
& " e @& @ @ &
; | 5 S ® @
& - @ - @
% .. L ® & : .
1 !
o i : . ® & 5 | '
1 . . & s . ® 10 {Centigray}&High-LET Si Particle Radiation {350 MeV/amu)&1 {week}
s ® 10 {Centigray}&High-LET Si Particle Radiation (350 MeV/amu)&4 {week}
3 A0 ® 10 {Centigray}&High-LET 5i Particle Radiation (350 MeV/amu)&12 {week}
-rb . “ oy ® 30 {Centigray}&High-LET Si Particle Radiation {350 MeV/amu)&1 {week}
,-b‘ 1 o < ® 30 {Centigray}&High-LET Si Particle Radiation (350 MeV/amu)&d4 {week}
£ 3 2 & [ ] ® 30 {Centigray}&High-LET Si Particle Radiation (350 MeV/amu)&12 {week}
9 " 7 - & ® 0 {Centigray}B&Sham Irradiated&1 {week}
¥ b & X - 4 ® 0 {Centigray}&Sham Irradiated&4 {week}
o & - 0 {Centigray }&Sham IrradiatedR12 {week}
{7 y © ® 100 {Centigray}BGamma Radiation&l {week}
£ & ® 100 {Centigray}&Gamma Radiation&4 {week]}

-4
L]

100 {Centigray}&Gamma Radiation&12 {week}

Example: Barcellos-Hoff Lab low dose data g



data can be visualized

© & nttpsyjvisualization.genelab.nasa.gov/data/GLDS-154 LIRS 4 ' In@D e H|

e T
Genelab Visualization Open Science for Lifein Space | Home  About v Data & Tools ~ Research & Resources ~ Working Groups ~ Help ~

+ Add Visualization

. ICGV&GM 15036&Cs 137

z
- ) 2.50Gy&GM150368Cs 13
s | 30
- . SEGv&GMISOEE\&CS 137
\ \‘ ®  7.5CGY&GM150368Cs 137
L | 1
\ | @ ®  10CGY&GM150368Cs 137
[ .

o

Log2fc(GM15036 & 10cGY Cs

Logl0 Adj P(GMLS036 & 10CGY CS 137)v(GMI5036 & LcGY CS 137)

Maximum p-value:

Group Selection

Search:|

LOG2FC v PVAL ADJP

Group 1: INEVEENEE

10cGY Cs 137 v Search Symbol Search LOG2FC Search PVAL Search ADJP

Group 2: SRRM2 1.07444655880202 1.5578787301105902e-11 1.27922615458481e-08

RSRC1 0.9296073792027829 4.09926168103378e-05 0.000801438192464969

Update SULT1A1 0.928529653682911 3.77055786775706e-07 2.17931581709673e-05

Wu P, Coleman M, Wyrobek AJ. "Low dose ionizing radiation
treated lymphoblastoid cells", Genelab, Version 3,
http://doi.org/10.26030/hs0p-6w85

Low dose radiation transcriptomic (%

GeneLab

Application

Visualization
Platform

-{H's-‘l GLDS-154

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

1cGy&GM15036&Cs 137

OcGYy&GM15036&Cs 13
SCGY&GMISUBG&CS 137
7.5cGy&GM15036&Cs 137

10cGy&GM15036&Cs 137



FDL 2021 ASTRONAUT HEALTH

FDL-2021
SPACE MEDIC

CRISP Causal Inference
- Model

ASTRONAUT
HEALTH
Lauren_s_and-rrs i

Patrick Foley

FDL 2021 ASTRONAUT HEALTH CHALLEMGE

SPACE MEDIC:

CAUSAL INFERENCE FOR
OUT-OF-DISTRIBUTION
GENERALIZATION

FRONTIERDEVELOPMENTLAB.ORG

Google Cloud iz intel @ s
E ZUSGS EEmicrosoit  SAnVIDIA HH].

Lauren Sanders, Ph.D.
Al/ML Scientist
S\ MITPortugal Genelab

= (Pbnet. IBM



GenelLab radiation data: enabling AlI/ML
meta-analysis

6 individual radiation exposure gene expression datasets: Data Pipeline:
GLDS-71: Immediate Transcriptional Changes in Response to / Merge datasets \
High Dose Radiation Exposure | Version 4 .
0.3 Gy — Cs-137 Gene-homologue mapping

GLDS-152: Transcription profiling of human peripheral blood to development
gene expression signatures for practical radiation biodosimetry [Version2

Data normalization

0.5 Gy —gamma ray
GLDS-156: Identifying radiation exposure biomarkers from ‘
@ mouse blood transcriptome | version 1 Combined cross-organism

2 Gy — Cs-137 \ radiation exposure dataset /

GLDS-157: Gene expression in human peripheral blood 48
hours after exposure to ionizing radiation | Version 2

Combined Dataset:
0.5 Gy —gammaray e ~25,000 human-mouse gene homologues
GSE124612: Transcriptomic responses in mouse blood . 455 total samples
during the first week after in vivo gamma irradiation
1.5 Gy — gamma ray

e Gamma irradiation or non-irradiated controls:

GSE62623: Gene expression in mouse blood e ex vivo irradiation of human blood samples
following low dose-rate or acute x-ray exposure e in vivo irradiated mouse whole blood
1.1 Gy — Xray




Causal inference in complex biological data
CRISP Platform Overview

Causal

Heterogeneous Iinference

Data Modules
Aggregated
Feoatures Output
Microbliome
Data
o
7 Results
e "
Genetic & &r Ensomisie | | ' sembile
Epigenetic Tt = i i 1 | b —
Data .%- — :'-. ’ J
E
Clinical %) E
Metadata \I:‘r ; H”Hu

(

g rAutomated dimensionality

6 Datasets

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

feature within a dataset
Y,

reduction using machine
learning selects the most
important input variables for

causal analysis
y y,

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

J

Mouse

\

5

Human

TARGET: radiation state (irradiated or control)
CRISP identifies features that are causal of a target variable

weighted_coefficients

Cancer genes

Il

Developed by FDL Astronaut Health 2020 Team

Top 20 features



 Low dose data are relevant to space flight
missions

« The NASA Open Science Database system
from Space Biology is well suited to ingest low
dose DOE data (omics and non-omics)

» The usage of FAIR principles for GenelLab and
ALSDA (Findable, Accessible, Interoperable and
Reusable) facilitates meta-analysis and enables
modeling of radiation risk

Geneb

- s ' o

NASA Open Science Data Systems

The Division of Biological
and Physical Sciences (BPS)
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