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NASA’s Mission G‘Lﬁb

Drive advances in science, technology, aeronautics, and
space exploration to enhance knowledge, education,
innovation, economic vitality and stewardship of Earth

Cell Science Bioculture System

https://www.nasa.gov/cygnss/overview

https://www.nasa.gov/content/the-crawlers

NASA astronaut Christina Koch
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How does NASA achieve its Mission? Gﬁn"

NASA HQ - Provides overall guidance and direction to the Agency

NASA Centers and Facilities — Where the day-to-day NASA work is performed in laboratories,
airfields, wind tunnels, etc.

NASA conducts its work though four main organizations called Mission Directorates:

gov/directorates/heo/home/

R A\

NA\SA

3 y b =
SPACE TECHNOLOG

https://www.nasa.gov/offices/olia/overview/index.html
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NASA Science e#,

Planetary Science
the study of the
origin and history of
the solar system and
the potential for
extraterrestrial life

Earth Science
The study of
planet Earth

Astrophysics . )
The study of the Heliophysics
. The study of the
origin, structure, :
sun and its

evolution and
destiny of the
universe

effects on the
solar system
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Future: Study the
interactions between
Radiation and
Microgravity

Future: Study cells, animals,

and plants for
in space

long durations



Exposure to Spaceflight Changes our Physiological Systems

EYES BECOME MAIN

WAY TO SENSE MOTION  OTOLITHS IN INNER EAR
RESPOND DIFFERENTLY
FLUID REDISTRIBUTION \ TO MOTION

GeneLab
~

Memory loss

CAUSES HEAD CONGESTION CHANGED SENSORY
AND PUFFY FACE INPUT CONFUSE§ BRAIN,
e CAUSING occasional
H - > DISORIENTATION
Osteoporosis . 5 :
—

Osteoarthritis
Muscle atrophy

HIGHER RADIATION

DOSES MAY INCREASE
LOSS OF BLOOD PLASMA CANCER RISK
CREATES TEMPORARY ANEMIA

ON RETURN TO EARTH \

WEIGHT-BEARING BONES

AND MUSCLES DETERIORATE KIDNEY FILTRATION RATE

INCREASES; BONE LOSS MAY
CAUSE KIDNEY STONES

CVvD
Atherosclerosis
. FLUID REDISTRIBUTION
Anemia SHRINKS LEGS
TOUCH AND PRESSURE
SENSORS REGISTER
NO DOWNWARD FORCE

Lymphatic pump
disorders

Retinal edema

Sperm motility
Infertility
Hormonal imbalances

Liver fibrosis
NAFLD
IBS
Microbiome
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Exposure to Spaceflight Changes Plant Physiology Too Gl

|
Ground Control: 2010 02 25 10_39 Flight: 2010_02_19,09_40

epidermis

cortex

lendodermis i
\

\ ¢ 75 pm
J
GC A=
Both roots same scale; Both roots same scale;
distance spanned by gold line = 225 um Linear distance defined by blue box = 225 um




Space Biology Program Genstab

Anin&l Biology

Developmental, Reproductive,
and Evolutionary Biology

https://science.nasa.gov/biological-
physical/programs/space-biology
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Spaceflight Hardware: Cell Culture Systems GeneLah

Bioculture e CellCult




Biological Research
in Canisters (BRIC)
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Spaceflight Hardware: Microbiology Gonala

BRIC-60M
Canister
(upper chamber)

BRIC-60 Canister
(lower chamber)

. Petri Dishes
Gas sampling
ports -

Chamber Lid

Teflon tubes

BRIC-60
Canister

Fig. 2 BRIC-60 containing Fig. 3 BRIC-60 Canisters as flown
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Spaceflight Hardware: Small Animals Cpod

Multi-use Variable gravity Platform (MVP)




Spaceflight Hardware: Plants GeneLah

Advanced Plant Habitat

g
=

APH Flight Unit in Ground Support Equipment Dwarf Wheat Growing in APH



Veggie
Habitat

Spaceflight Hardware: Plants GeneLah

Veggie Configured for Growth of Lettuce

‘A \h'- -
Veggie LED light bank. Veggie plant pillow with quick ~ Veggie with 6 plant pillows Astronaut Steve Swanson
disconnect fitting for adding contained within adjustable harvesting lettuce grown on
water. bellows. ISS.

Astronauts Kjell Lindgren (left) and Scott Kelly (right) Astronaut Steve Swanson basking in the glow of Veggie.
enjoying freshly harvested lettuce grown on ISS.



Spaceflight Hardware: Rodent Research GeneLah

Animal Access Unit (AAU) RR Habitat
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Space Biology Program damish

Anim/al Biology

Developmental, Reproductive,
\ ~ and Evolutionary Biology

https://science.nasa.gov/biological-
- . ;. physical/programs/space-biology



2011 NRC Decadal Survey and the Sequencing Paradigm Shift ?2;»

Cost per Raw Megabase of DNA Sequence

Moore's Law

Last Decadal
Survey

N | 1Ti0i for Space Exploration

Research Institute Life and Physical Sciences Research for a New Era
genome.gov/sequencingcosts

|

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

“...genomics, transcriptomics, proteomics, and metabolomics offer an
immense opportunity to understand the effects of spaceflight on biological
systems...”

“..Such techniques generate considerable amounts of data that can be
mined and analyzed for information by multiple researchers...”
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What are ‘omics? G‘Lbb

The Central Dogma of Molecular Biology
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DNA duplicates
J Information]
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Beyond the Central Dogma

NUCLEUS Replication
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Gonzalez-Pardo and Alvarez, 2013



What are ‘omics?
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Why is studying omics important for spaceflight? Seoeles

What, when, and where genes are expressed Primary Stressors of Spaceflight
allow for cell type diversity and enable living
organisms to respond and adapt to surroundings

7 N
Gene expression is primarily regulated by Confinement ﬁ
environmental factors both micro (cell’s micro- O

environment) and macro (organism’s external
stimuli or stressors)

Distance

/
5

Spaceflight alters the transcriptional patterns and
molecular signaling networks within our cells,
which in turn causes physiological changes

Understanding such changes will enable
development of mitigation strategies to better
withstand the rigors of long-duration spaceflight
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Genelab: Open Science for Life in Space (https://genelab.nasa.gov) G;Lbb

» for Life in Space Home About + Data & Tools Research & Resources + Working Groups Help ~

Keywords Q

Welcome to NASA Genelab - 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
Search and upload spaceflight datasets Perform large-scale analysis of biological

omics data

Environmental Data

Radiation data collected during experiments
conducted in space

= | Collaborative Workspace Submit Data Visualize Data

Share, organize and store files Have space-relevant data to submit Interact with GeneLab processed data
to GeneLab?




Genelab ecosystem: Maximizing knowledge by bringing experiments together Gf%b

Increasing Statistical Power (more samples/payload)

Identify Shared Processes/

Molecular Signatures
* Hypoxic Response ?
* Oxidative Stress

Increasing Human Relevance

Ti

ANIMAL

MICROBE

*  Common Tissue (e.g. muscle, liver,
heart, eyes, brain,...)

) PN
MULTI- ‘
OoMICS
SYSTEM ﬁ
BIOLOGY

ASA Ames | \

June1,2017

Fruit Fly Lab (FFL-02) Scientist's Blog

For Spaceflight

+High “n” number - statistically significant data
*Genetically identical animals

*Low resource requirements

+Short life cycle - multiple generations

*Measure response of a whole multicellular animal

+Flies used as a model for humans for innate
immunity, circadian rhythm, oxidative stress,

neurobehavior, development, genetics,
@S, “omics” studies etc /
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Genelab Teams eéb

[Data Systems (DS)]

Data Processing
(DP)

)] ‘@@ ’+]0\
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Genelab Data Democratization GeneLah

\ /
N
Citizen Scientists 7N /‘)&\
Disease
states
——
Education
Working
Group QQ Pathway changes
& S ———
N
K3
QO Differential expression
Analysis D —————

Working

e@v
Groups Raw Data, mapped reads




Genelab Data System

User Data
Space- Workspace
Relevant GEODE
Federated Data
Data
— Portal
Submission 4 3%’3’ 100
Portal R
e , GeneLab
‘1'|\' ‘l I‘V
PI Processing GenelLab Sample Analysis

Processing
/ Toolshed

== NASA
Z2) PiMissions/ Institutional

2L Experiments Scientific
Collection (ISC)

oY
GeneLab

Environmental

Raw Data Portal
Processed

Data . ) :
Metadata Visualization

Portal

\ /
A0
New

* Pipelines
Knowledge

¢ Interactive
¢ Tutorial
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Genelab: Submission Portal — GEODE (https://genelab.nasa.gov) G;Lbb

» for Life in Space Home About + Data & Tools Research & Resources + Working Groups Help ~

Keywords Q

Welcome to NASA Genelab - 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
Search and upload spaceflight datasets Perform large-scale analysis of biological

omics data

Environmental Data

Radiation data collected during experiments
conducted in space

_=_| Collaborative Workspace X | Submit Data Visualize Data
“ e I

Share, organize and store files Have space-relevant data to submit Interact with GeneLab processed data
to GeneLab?




Genelab Environment for Online Data Entry (GEODE) eméb

Mus

Sample1 X5 liver
musculus
Mus

Sample2 X5 liver
musculus
Mus

Sample3 X5 liver
musculus
Mus

Sampled N X5 liver
musculus
Mus .

SampleS N X5 liver
musculus

~ Mus »

Sample N X5 liver

musculus

Space Biology Pls can now
submit data through GEODE.

Allows efficient input of sample
and assay level metadata
alongside data files.

Tailored to specialized needs of
spaceflight samples.

Now exploring extending this
portal for use on ALSDA
submissions.

Qx',

Unit
T g
gray |
Sample . degree gray
collection -80 Celsius Silicon 1 hour 1 gray
Sample . degree Sham- N . Description: An absorbed dose unit which is equal to the absorption of one joule of
-80 0 hour 0 gray T radiation energy by one kilogram of matter |
collection Celsius irradiated ! ‘ 9y by 9
arte
Sample degree Iron-56 lon
-80 24 hour 2 ray
collection ° Celsius Irradiation o3 gram
[e! globoilO Ti
Sample . degree OURCE [ N
collection -80 Celsius Silicon 12 hour 3 gray
- R aal_ Description: A mass unit which is equal to one thousandth of a kilogram or 10%-3] ¥
Sample . degree Sham- o hour . ora N X5 Wer o 80 —— Si 1
collection Celsius irradiated : d “ d
— Terms are connected to a controlle
Sample . degree Iron-56 lon 2 hour - 2
collection ha Celsius Irradiation - - 9ray

ontology
Sample level data

E‘ GLDS-328: Transcriptiome Profiles of mouse tissues after exposure to gamma-rays and HZE particles Ve

Nucleic Contacts NAME ROLE 'ORGANIZATION E-MAIL
Extract Library Sam Getre Swmter  asa —
Samplet Acid BioAnalyzer NanoChip 8 RIN ’
i : 1 Construction
Extraction e
Nucleic toizng Racizion toizing Raizion
Extract Library
Sample2 Acid BioAnalyzer NanoChip 9 RIN ’ " !
: 2 Construction Dose Absoed Racsion Dose
Extraction
Nucleic — v -
Extract Library
Sample3 Acid BioAnalyzer NanoChip 91 RIN . N Assayts) MEASUREMENT TECHNOLOGY DEVICE PLATFORM
Extraction ” Construction v % Sequencng (R i

Assay level data with fields specific to that assay

Pls are presented with a study preview and a
private link for sharing with reviewers and
collaborators.
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Genelab: Data Repository (https://genelab.nasa.gov) ma

» for Life in Space Home About + Data & Tools Research & Resources + Working Groups Help ~

Keywords Q

Welcome to NASA Genelab - 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
Search and upload spaceflight datasets R Perform large-scale analysis of biological

omics data

Environmental Data

Radiation data collected during experiments
conducted in space

= | Collaborative Workspace Submit Data Visualize Data

Share, organize and store files Have space-relevant data to submit Interact with GeneLab processed data
to GeneLab?




»en Science for Life in Space Home About v Data & Tools v Research & Resources v Working Groups v Help ~

Search Data

CJ Al GenelLab

Search Filters (GeneLab Only)

Project Type v

Show Only:

(J Studies With Visualizations

«Q

(JNIH GEO (JEBIPRIDE [J ANL MG-RAST

Factors v/ Organisms  \/ Assay Type  \/ Clear

GLDS-322

L
W

GLDS-320

Page 1 of 12 (Total Studies: 278) Next >
Studies Per Page: 25 Vv

Comparative RNA-Seq transcriptome analyses reveal dynamic time dependent effects of 56Fe, 160, and 28Si irradiation on the

induction of murine hepatocellular carcinoma

Organisms Factors Assay Types Release Date
Mus musculus lonizing Radiation transcription profiling 27-Aug-2020
Time

Gamma radiation and HZE treatment of seedlings in Arabidopsis
Organisms Factors Assay Types Release Date

Arabidopsis thaliana Genotype transcription profiling 18-Sep-2014
Time of sample collection
after treatment
lonizing Radiation

Description

One of the health risks posed to astronauts during deep space flights is
exposure to high charge, high-energy (HZE) ions (Z>13) which can lead
to induction of hepatocellular carcinoma (HCC). We perfor.

Description

Plants exhibit a robust transcriptional response to gamma radiation which
includes the induction of transcripts required for homologous
recombination and the suppression of transcripts that promote ce..
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GLDS-137

Version 4

© DoescriPTION

) proTocoLs

& SAMPLES
& ASSAYS

[M) PUBLICATIONS
B sTupyFiLes

bl VISUALIZATION

Search Data

Select a Version:

DOI: 10.26030/9k6w-4c28
Source Accession Number
Total Data Volume: 2.5 TB

oY
GeneLab

Genelab: Data Repository

x &

GLDS-137: Rodent Research-3-CASIS: Mouse liver transcriptomic, proteomic, and epigenomic data | version4

Submitted Date: 04-Aug-2017
Release Date: 28-Aug-2017

DESCRIPTION (1)

Study Description

Contacts

The Rodent Research-3 (RR-3) mission was sponsored by the pharmaceutical company Eli Lilly and Co. and the Center for the Advancement of Science in Space to
study the effectiveness of a potential countermeasure for the loss of muscle and bone mass that occurs during spaceflight. Twenty BALB/c, 18-weeks old female mice
(ten controls and ten treated) were flown to the ISS and housed in the Rodent Habitat for 39-42 days. Twenty mice of similar age, sex and strain were used for ground
controls housed in identical hardware and matching ISS environmental conditions. Basal controls were housed in standard vivarium cages. Spaceflight, ground controls

and basal groups had blood collected, then were euthanized, had one hind limb removed, and finally whole carcasses were stored at -80 C until dissection. All mice in
this data set received only the control/sham injection.

NAME ROLE ORGANIZATION E-MAIL

Ruth Globus Project Scientist NASA Ames Research Center ruth.k.globus@nasa.gov

Jonathan Galazka Project Scientist NASA GenelLab jonathan.m.galazka@nasa.gov

Rosamund Smith Principal Investigator Eli Lilly and Company



© DEescriPTION

() ProToCOLS

@ Mission MISSION NAME START DATE D DAT
SpaceX-8 08-Apr-2016 11-May-2016
Acknowledgments Funding for sample processing and sequencing was provided to the Genel ab project by the NASA Space Biology Program Office, Space Life and Physical Sciences
GLDS-137 Research and Applications Division. Samples from the RR-3 experiment were provided to GeneLab through the Biospecimen Sharing Plan of the NASA Life Sciences
Data Archive.
Version 4
Data Citation Smith R, Cramer M, Globus R, Galazka J. "Rodent Research-3-CASIS: Mouse liver transcriptomic, proteomic, and epigenomic data", GenelLab, Version 4,
DownloadlCitationl(BIbTex) http://doi.org/10.26030/9k6w-4c28
Download Citation (RIS)

-

GLDS-137

Version 4

@ DESCRIPTION
[}) ProTOCOLS

& AssAYs
[B0) PUBLICATIONS
B sTubyFiLES

Ll VISUALIZATION

SAMPLES

Source Name

Select Export Columns

Select columns of the samples panel below to export = Export CS

Source Name Sample Name VR Protocol REF Comment: Source description
Characteristics: Organism Characteristics: Strain Comment: Animal Source Characteristics: sex

Characteristics: Age at Launch Characteristics: Diet Comment: Feeding Schedule Parameter Value: Habitat

Factor Value: Spaceflight Parameter Value: treatment Parameter Value: Duration Parameter Value: Euthanasia Chemical
Parameter Value: Carcass Weight Parameter Value: Source Storage Temperature Comment: Initiation Date Comment: Completion Date
Comment: Dissection date Protocol REF Comment: Source description Material Type
Comment: Original Submitted Sample Name Comment: Sample Name Description Comment: LSDA Biospecimen Source ID Comment: LSDA Biospecimen Subject ID
Parameter Value: Sample Preservation Method Parameter Value: Sample Storage Temperature

close select all unselect all

Comment:
Source
description

acteristics:
Strain

Characteristics:
Organism

Comment:

Protocol REF Animal Source

Sample Name

Mmus_BAL-
TAL_LVR_BSL_Rep1_B1

mouse habitation previously dissected carcass | Mus musculus BALBI/c Taconic Biosciences

Mmus_BAL-
TAL_LVR_BSL_Rep2_B2

mouse habitation previously dissected carcass | Mus musculus BALBI/c Taconic Biosciences
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Genelab: Data Repository Genela

B sTuDYFILES DY FILES

Ll VISUALIZATION To view files, click on the folder of interest. 4files selected
“ All Files
RNA-Seq Data Dovinload Selgcted Files
Proteomics Data Files
Whole Genome Bisulfite Sequencing Data
1. GeneLab Processed RNA-Seq Files
Aligned sequence data
Trimmed sequence data/FastQC reports
Merged sequence data/FastQC reports
Aligned sequence data/Alignment logs
Raw counts data
Trimmed sequence dataMultiQC report
Differential expression analysis data
Normalized counts data
Merged sequence data/MultiQC report
Trimmed sequence data
Merged sequence data
Trimmed sequence data/Trimming reports
Study Metadata Files

FILE SIZE RESOURCE CATEGORY RESOURCE DESCRIPTION
GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_FLT_Rep5_F5_SJ.out tab 7.26 MB Aligned sequence data Data processed by the GeneLab Team, providing users high order data using standardized methods.
GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_BSL_Rep4_B4_R1_timmed_fastqc zip 43313KB Trimmed sequence data/FastQC reports Data processed by the GeneLab Team, providing users high order data using standardized methods.
=] GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_GC_Rep4_G5_R2_raw,_fas 456,51 KB Merged sequence data/FastQC reports Data processed by the GenelLab Team, providing users high order data using standardized methods.
GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_FLT_Rep2_F2_R2_raw_fastqc.htm 636.29 KB Merged sequence data/FastQC reports Data processed by the GeneLab Team, providing users high order data using standardized methods.
GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_GC_Rep3_G3_R1_trimmed_fast 43484 KB Trimmed sequence data/FastQC reports Data processed by the GeneLab Team, providing users high order data using standardized methods.

o GLDS-137_ma_seq_Mmus_BAL-TAL_LVR_GC_Rep1_G1_R1_raw_fastqc.zip 44976 KB Merged sequence data/FastQC reports Data processed by the GeneLab Team, providing users high order data using standardized methods.



Genelab: Data Repository Genstab

302

Assay type st
i i tudies
EXperl ment environment Transcription profiling (Microarray) - P 42.77%
) Transcription profiling (RNA-Seq) IS P 27.01% 45
- 4 Protein expression profiling NN W 7.72%
/ Groun H
43% Whole genome sequencing I ¢ 759 SpeC|es
‘ Metagenome profiling [N I 6.43% > 1 O
) DNA methylation profiling NN M 6.43%
ic Fligh
Parabiuf Flight RNA methylation profiling 1l 1.61% ASSGYS
Metabolite profiling 1l > 1 3 OT B
0 20 40 60 80 100 120 140
Data
m 2015 w2016 w2017 2018 w2019 m 2020
Organism
Mammals (Mus musculus + Rattus norvegicus) I P 36.90% 850 T—Goneian generated
Mammals (Homo sapiens) EEEEE—— ™ 16.97% a00d O™
N~
Flowering Plants IS 11.81% é
250
W 2015 Multiple species I m—— 10.70% 2
2016 Bacteria I §.12% g 200
<
w2017 Nematodes 4.06% o 150
2018 Ascomycetes EENEN  4.06% g
< 100
m 2019 Insects mWEEN 3.69% %
= 2020 Bony Fish M 1.85% c s0q
Other =1 1.85% b

0 20 40 60 80 100 120
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Genelab: Environmental Data (https://genelab.nasa.gov) G;Lbb

» for Life in Space Home About + Data & Tools Research & Resources + Working Groups Help ~

Keywords Q

Welcome to NASA Genelab - 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
Search and upload spaceflight datasets Perform large-scale analysis of biological

omics data

Radiation data collected during experime!

Environmental Data R

conducted in space

= | Collaborative Workspace Submit Data Visualize Data

Share, organize and store files Have space-relevant data to submit Interact with GeneLab processed data
to GeneLab?
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Genelab: Environmental Data Gﬁn”

Users can view environmental

d t | t t d t t iy, ” Timeplot of Ral%e:{ fm Dose per Day
a a re eva n O a a a S e . Select to display on the timeplot the different periods of the mission (see re’k,re, e ’7[,, 903 —— Total Radiation dose per day (mGy)
the Overview section for landmark date/times) 0.2 W Vg, /"%%V_/\)t SAA Radiation dose per day (mGy)
4 —— GCR Radiation dose per day (mGy)

Display Periods

This includes temperatu re’ Show annotations

Select to display on the timpelot the durations that each light was

re | at|ve h um | d |ty’ CO 2, switched on (Black regions are when the lights were switched on)

Light 1

radiation exposure. Lign

Radiation Dose (mGy)
o
.
N
2 g
2

Nty e, N
Ay ", Soe. /x’eq/
.y 0.08 e, i "
73, 7, Gy
Users can compare conditions s, N e Vs,
0.06
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of different datasets.
GCR Daily Dose (mGy/Da
Timeplot Column Chart Y ( y/Day)
0.4 —— RR1
. -, N . RR3
%7% 's» R n Tiryg °Dlot oy, RR12
o 24 ’6,7 Z s, o =
El S’é % VS 92 5 Zer g Soc;  —— Spaceflight Temperature (Celsius) > 035
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Genelab: Data Visualization Portal (https://genelab.nasa.gov) G;Lbb

» for Life in Space Home About + Data & Tools Research & Resources + Working Groups Help ~

Keywords Q

Welcome to NASA Genelab - 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
Search and upload spaceflight datasets Perform large-scale analysis of biological

omics data

Environmental Data

Radiation data collected during experiments
conducted in space

_=_| Collaborative Workspace X | Submit Data Visualize Data
s = X

Share, organize and store files Have space-relevant data to submit Interact with GeneLab processed data
to GeneLab?




Genelab: Data Visualization Portal

Metadata  Studies

PCA

Query Table

Pair plots

Volcano plots

Next-Generation Clustered Heatmap
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Motadata  Studes  PCA  QueryTable  Parplots  Volcanoplots  Next-Generation Clustored Heatmap  GSEA
GSEA
Study Type
(Space Flight & On ISS & Carcass)v(Basal Control & On Earth & Carcass) -
]
Gene Symbol Study
c ALL v
Cavz Maximum number of genes
Cox5a 10 :
Cend2
Clec2g
log2fc rawp adjp glds_num
Cdh1
comt 0236792744 0163071067 0305313837 244
Com2 -0.498408006 0376931085 0525720356 244
o1d. - 0.047664422 0.950534401 0.969088615 244
4 Scmi2 0.015824017 0.986318371 0.991626207 244
5 Apoh -0.514819478 0.263384378 0.414060223 244
6 Narf -1.034976336 0151333144 0202117051 244
ey 7 Cav2 -1.366991299 0.04154887 0.138498136 244
8 KIf6. -1.394241322 0.035645154 0.127763918 244
9 Scmh1 -2.485655745 0.548234704 244
10 Coxsa 0201161167 0554321937 0682906406 244
Showing 1 to 10 of 55,367 entries. Previous "} 3 4 5 5537 Next
Category Netplot
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Sessions
11K-1.7K

<556 [ 556-1.1K 17K-22K @ >2.2K

Top 10 Countries — Sessions
United States
India

United Kingdom
Germany
Canada

France

South Korea
Japan

China

10. Australia
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Genelab User Growth

1718

Avg Monthly
Users

3494

Avg Monthly
Sessions

Usage: May 2017- Jan 24, 2021

Introduction of Analysis
o Working Groups

@ 10,000
4,000

\5,000
WWWN

2018 2019 2020 2021

® Users Sessions

Downloads: Jan 2019 - Dec 2020

*represents downloads per GLDS Study, not per file

Introduction of Processed
Data and Visualization

723 686
494 532 506 44q 462 505

405 10146

Total Study
Downloads

Avg Monthly
Downloads

306
228 157 228 154 188 244 211 q1gg 251
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Genelab Power Users G‘L‘b

. . . . & PLANT AWG (41)

Genelab Analysis Working Groups (AWGs) consist of 130+ scientists from MULTI-
. . . o . . 0 OMICS 0 \

multiple space agencies, international institutions, and industry. Scientists @ AWG (61) e
meet monthly with each group to analyze data in the GenelLab repository. | — — w .
Majority of members are non-NASA PI’s — many have applied for NASA %K \; — A
funding following AWG interactions. 28
https://genelab.nasa.gov/awg/join ANIMAL AWG (35) : J : &

AWG Members represent:
@ 48 Us Universities

Educational Working Group (EWG) consists of educators and scientists

spanning across high school and college, focusing on developing content to @ 4 NASA Centers
learn about spaceflight OMICS, promoting the use of Genelab’s database © 4 Other Government-funded Organizations
via the repository, and the visualization and analytical portals. 73 Institutes or Private Industry

Genelab for High Schools (GL4HS) Q 3 International Universities

Genelab for College/University (GL4U — Pilot with SISU)

S S SAN JOSE STATE
UNIVERSITY
Genelab included in Bioinformatics

curriculum of degree granting university ] _
GL4HS (Tutorial + Tools)

GeneLa&In emnis
Undergrads, Gra_ds, Postdoc



https://genelab.nasa.gov/awg/join
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Analysis Working Groups (AWGs) are Driving Data Reuse Ge-;gb

.@.ﬂ EeER

Gary Hardlman w.u.an da Silveira Deanne Taylor Hossein Fazelinia Komal Rathi  Douglas Wallace Larry Singh Besrlj:anr\in Ma:;T::(yl;im Kathleen Fisch Bin Rosenthal
; UNIVERSITY ¥ Children's Hospital Pcrclman O UNIVERSITY of CALIFORNIA. SAN DIEGO
BELFAST « | of Philadelphia School of Medicine SCHOOL OF MEDICINE
UNIVERSITY of PENNSYLVANIA
Jonathan Chris Mason Cem Meydan J°"ath3“ Evagelia Laiakis J- Tyson Jeffrey Wille Y_ared Susana Scott Smith Brian Crucian Sara Zwart
Schisler ) AT McDonald 4 K{dane Zanello 5?(/ CENTER
\ ) Cornell University “i oot "‘_“5‘,_'}‘?!“ mm“""ﬂ e l111ec HOUSTON

~
B
.
{

1 \ - y .
Leo Elworth NickSapoval Sonja Dong Stacy Nandan Helio Costa  Kathryn Grabek Afshin Beheshtn Sylvain

: Schrepfer, Wang Homer  Gokhale Robert Meller AT STANFORD Costes
@ RICE l‘@: “ Duke University @MOLOUS] 1 /  UNIVERSITY

School of Medicine 5OL OT Mi

Todd Treangen




8 Y

Publications Using GenelLab Data Seoets
Most Recent Publications

Publication Metrics

50 30 60+ 92 A special collection on the biology of spaceflight, published on
Original Derived brecentations Datasets used in November 25, 2020 in Cell and other Cell Press journals, done in
Publication linked Publication linked linked to Genelab derived Collaboration between NASA and Other Space agenCieS around

to Genelab to Genelab publications

the world, uncovers the impact of known hazards of spaceflight,
such as radiation and microgravity, and discusses the standards
60% for multi-omics from space and the preparations needed for Mars
and other missions in the next two decades.

60 70%

50

50% 5

RO

40

40% * 29 scientific papers, 200+

30
authors

30%
20

Number of publications

Derived/Original

* 9 papers utilize data in
Genelab or Genelab
10 I 10% resources

o M - [ 0% * 2 AWG papers

2016 2017 2018 2019 2020
* Covered by 200 News
Articles worldwide with 43

ROI grows faster than publications linked articles mentioning
. Genelab
to original enetd

Original — Publications with original dataset submitted to GenelLab
Derived — Publications using data submitted to Genelab repository

20%

mmm Original mmmm Derived ====ROI




Cell Bundle - Highlights

REVIEW | VOLUNE 133,15 2 ENBER

Octarminethe mpactof spacefight o the y UE 12, 101734, DECEMBER 15,2020
Fundamental Biological Features of Spaceflight:
Comparative Transcriptomics Identifies Neuronal and Metabolic Advancing the Field to Enable Deep-Space Exploration
ARTICLE | VOLULE 1 Adaptations to Hypergravity and Microgravity in Caenorhabditis Ebrahim Afshinnekoo  « Ryan T Scott * « Matthew J. MacKay * « _ Sylvain
Comprehensive Multi-omics Analysis Reveals Mitochondrial elegans Christopher E_ Mason 2 5 1 « Afshin Beheshti 2 *° &+ Show all authors + Show foofnotes
Stress as a Central Biological Hub for Spaceflight Impact Aoy ctome st ~ Craig R.G. Willis « Nathaniel J. Szewczyk « Sylvain V. Costes « .. Sigrid S. Reinsch DOI: htips://doi.org/10.1016/.cell 2020.10.050
Wilian A. da Silveira 2 « Hossein Fazelinia »* « Sara Brin Rosenthal gl xR P =1 Timothy Etheridge 2 7 =+ Catharine A. Conley « Show all authors « Show footnotes
T -
Christopher E. Mason 2* « Sylvain V. Costes 2* « Afshin Beheshti 3 « Show all authors B R R Location
N . e [ TN ™= ") Highlights
Show footnofesDO: hifpsdoiorgH0.A016]cell 2020.1.002 1 gravity 1 gravity . . .
; ¥ * Comparative transcriptomics
PlumX Metrics I
- ¢ SV Ul <

Identifed functional Confirmed
hubs thatimpact response o spacefight
ufa, tissue, and

with astronauts’pathophysiological

elular,
organismal functio

¥ .
= in C. elegans exposed to
%_1 I—FT hypergravity and spaceflight
- = + Bioinformatics identifies
novel putative regulators of
altered gravitational load
* Candidate molecules infer a

close gravity > daf-16/FOX0 >

Highlights

. Multi-omics analysis and techniques with
NASA’s GenelLab platform.

. Mitochondrial dysregulation driving
spaceflight health risks.

Microarray analysis
Ubiquitin-mediated catabolism

* *
4@ Actin cytoskeleton regulation @~
#  Immune system regulation &
* *
L 4 t*

Cell cycle processes

etabolic regulation Iink @ ..
. NASA Twin Study data validates Metab I‘ e newronatiin o S {‘i
mitochondrial dysfunction during space ? - i i 1 4
P et ~ Gravity ¢ daf-16
missions. M;WIH.MRQ
I Largest amount of astronaut data in one paper!

ARTICLE | VOLUW

RNAseq Analysis of Rodent Spaceflight Experiments Is
Confounded by Sample Collection Techniques

i . g - -
San-Huei Lai Polo ® » Amanda M. Saravia-Butler ° « Valery Boyko Rick B. Chen ga}—c% Distance Confinament iL"f‘ffmm %:3 () Gravity %::y{ Radiation

Sylvain V. Costes 2 =1« Jonathan M. Galazka 2 ° &1+ Show all authors = Show footnotes

Earth

Cell Reports

PREVIEW | VOLUME UE 10, 108441, DECEMBER 0
Published: November 25, 2020 « DOI: htips://doi.org/10.1016/.isci.2020.101733

Advancing the Integration of Biosciences Data Sharing Highlights
to Further Enable Space Exploration o Experimentation is necessary to understand how organisms
respond to space
Ryan T. Scott « Kirill Grigorev » Graham Mackintosh Christopher E. Mason « Martha E. Del Alto . RN, Aseq datasets are impacted by preservation protocols PERSPECTIVE ME 1, 9, 100148, DECEMBER
S s A S usedonthelSs o A New Era for Space Life Science: International
o Impacts can be alleviated with improved carcass Standards for Space Omics Processing

Highlights

o Data integration between Genelab and ALSDA furthers the ability to
utilize technologies such as artificial intelligence (Al) and machine
learning (ML) methodologies to develop new hypotheses.

preservation protocols

Lindsay Rutter « Richard Barker « Daniela Bezdan « . Jonathan M. Galazka 2 & «Raul Herranz 2 &

Masafumi Muratani 2 = w all authors

Spaceflight Dissected immediatel
ately * ISSOP is an international consortium of scientists

. Database standards and accessibility such as FAIR principles and APIs after — L " L
enables open-access science promoting collaborative efforts to interpret | "_ RNAsqua“aI'y s with * Optimizing the conditions for scientists and the
spaceflight effects by integrating omics and physiological data to the 9, POlyA selection general public to derive valid hypotheses from these

systems level.

Ground Control . RNAseq analysis with precious space omics c!ata by redu.q.ng confounding
W -"- polyA selection & factors and increasing interoperability at the global
ribodepletion level.

. . Dissected from slow-frozen
https://www.cell.com/c/the-biology-of-spaceflight carcass after retum to Earth



https://www.cell.com/c/the-biology-of-spaceflight

NASA

Opportunities




juniors and seniors sponsored by NASA Ames Research Center

During the training program, students learn and obtain training in:
» NASA space biology research * Designing an experimental proposal

- . . based on analyzed Genelab data
* Bioinformatics and computational y

biology methods and techniquesto ~ * Formal oral presentation skills
analyze omics data * Networking opportunities

Eligibility for Class of 2022 (Applications open early 2022):

e UScitizen or US Green Card holder * Entering junior or senior year in Fall 2022
* Age 16 or older as of 12/31/2022 * Have a GPA or equivalent of 3.0 or higher

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

Students in grades 7 through 12: Design DNA

»

wEAI : . .
x'/ X% GENES experiments that address a challenge in space exploration
f{////f%( N SPACE'

A’f;//'?’* The 2021 Contest is Currently Open — proposals are due

,4/’ on April 12th, 2021

Learn more and submit a proposal at :
https://www.genesinspace.org/

Genelab for High Schools (GL4HS): A four-week intensive training summer program for rising high school

11 " 12 - eal13 e , € 15
Caption: Gene Lab for High Schools 2020 Virtual Cohort

\Ames ECN

Outreach Committee will be hosting virtual
Q&A sessions with NASA Scientists and
Engineers at K-12 schools

Interested Educators can e-mail me:

Amanda.m.saravia-butler@nasa.edu


https://www.nasa.gov/ames/genelab-for-high-schools

Outreach / NASA Internship Opportunities — College+

Young Scientist Program @)

Blue Marble Space

4

Opportunities for students and eligible early career
scientists to participate in basic research, learn about
effective science communication, and develop critical
thinking skills in ethics, policy, and more

The NASA/BMSIS Young Scientist Program in Space

Biosciences: For post-bachelors and pre-doctoral
students (at Mountain View, CA)

The BMSIS Young Scientist Program: For
undergraduate students and those who have
completed undergraduate studies but have not yet
enrolled in graduate school (primarily virtual)

Learn more and apply at:
https://www.bmsis.org/ysp/

SLSTP: Provides undergraduate students entering
their junior or senior years, and entering
graduate students, with professional experience
in space life science disciplines including:

» The effects of spaceflight on living systems

. :
» A
1,

Y e =M > The development and operation of specialized
{

s =Y
fh 2

) ; research facilities to support investigations in
ﬁ e microgravity, partial gravity, and hypergravity

A

Learn more and apply at: » Research and development of advanced

https://www.nasa.gov/ames/re biotechnologies that enable NASA’s
search/space'—life—s.ciences- exploration of distant destinations

training-program

NASA STEM Engagement

Discover more NASA Internship opportunities and apply at:
https://intern.nasa.gov/

Coming Soon: Genelab for College/Universities (GL4U):

* For educators to learn how to teach omics data analysis
using Genelab standard pipelines and space-relevant data



https://www.bmsis.org/ysp/
https://www.nasa.gov/ames/research/space-life-sciences-training-program
https://intern.nasa.gov/
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Ames Research Armstrong Flight Glenn Research
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What has NASA done for us?

A Workforce Innovating To Go Farther

Space Launch System/Multi-Purpose Crew Vehicle
NASA Is Innovating to continue American leadership In an ambétious space
peogram that takes us farther than ever befare. The Agency Is supporting
technology Innovation and commercial pannerships that fuel the American
ecanomy. With the development of the newest generation of space ranspona-
tion, the Space Launch System (SLS) and the Orlon Multi-Purpose Crew
Vehicle, NASA Is developing capabllities 1o access deep space destinations
llke the Moon, an asterold, and Mars.

This capability Is being bullt right here In the United States. Thousands of
workers In over 30 states are currently buliding our Nation's next generation of
space ravel.

An exploration fight test of Orion will take place In 2014 with a follow-
on Integrated Orion/SLS uncrewed fight in 2017.

A crewed fight of the Integrated deep space system willoccur as early as 2021.

Game-Changing Innovation

International Space Station—A L y for Life Imp Today
The United States has an active astronaut program. i fact, American human space flight occurs
daly on board the Intemational e Station (1SS)
B S NASA Is committed to malntalning American excellence In science,

o technoiogy, engineering, and matnematics (STEM) whie sustaining a
long-term humean presence In space. The ISS provides Impartant
technology and innovation devetopment, not only for future Jang-term
human space missions, but to enhance life on Earth today
Outstanaing advances In microblal vaccing development, Unprec
edented cancer research involving treatment delivery, and improved
water puritication technologles are Just some of the technological ac that research on board
the ISS has provided to Iife here on Earth

Science
NASA Is committed o grouncbreaking sclence missions today and In the future. Our misslons focus
on providing critical data about our home planet, unraveling the mystenes of our Lniverse, under

stanaing solar variablity and the Impacts of space weaiher, and exploring the dierse pé

bodles of our solar system. .
Aeronautics N
Agronautics research Is leading the Nation to less congested

alrways and a more ervdronmentally friendly aviation Industry. ~.

in
By pushing the boundaries of technology, NASA's programs keep American business and workers on
the cutting edge. Investing In technology deveiopment today enables future missions of NASA while
Qrowing the economy by creating new Industries, jobs, products, and services. To ensure access 1
the mast Innovative tech development, NASA partners with American companies throughout the
Nation In all 50 states.

Inspiring the Next Generation

Over the pest year, NASA's K-12 education projects reached more than
1 milion students through STEM programs and iniatives. The Summer
of innovation Program engaged over 45,000 students and over 5,500
educalors through camps and actvities In 46 states, the District of
Columbia, and Puerto Rico.

$941 Million in FY 2011 Obligated to Educational

Institutions Throughout the Country

Investing in a New Aerospace Economy

Commercial Partners
NASA Is committed to developing a new aercspace economy. The Agency is
currently partnering with American inustry to achieve safe and rellable acoess to
iow-Earth orbit and the ISS.

In fact, private Industry began &
2012. This progress will culminate

t fllgnts In 2010, and these will continue through
h human access to the ISS by 2017
Bulking a strong commercial space Industry enables the development of a
capabliny that wil assure the Nation's future In space. Doing so will Increase national revenue while
positioning American companies as competitors in the global marketpéace In the space economy.

NASA Technologies Americans Use Daily

TV Satellite Dish
NASA developed ways 10 corTect ermars in e signals coming from spacecraft. This technalagy Is
used to reduce nolse n TV signals coming from satelltes.

Medical Imaging
NASA developed ways 10 process signais from spacecraft to produce clearer Images. This technology
also makes photolke Images of the Insides of our bodies possible.

Vision Screening System
This technology Lses techniques developed for processing space Images to examing the eyes of
chiidren and find out quickdy If they have any vision probiems. The child doesn't have 1o say a word!

Ear Thermometer
Instead of measuring temperature using a column of mercury (which expands as It heats up),
this thermometer has a lens Ike a camera and detects Infrared energy, which we feed as heat.
The warmer something Is {1k your body), the more Infrared energy It puts out.
This technology was originally developed 10 detect the birth of stars.

Firefighter Equipment
Firefighters wear sults made of fire-resistant fabric developed for use In spacesults.

Smoke Detector

These dewices were first used In the Earth-orbiting space station called Skyfah
{launched back in 1973) to help detact towdc vapors. Now they are used in most
homes and other bulidings to warn pecple of fire.

Automobile Design Tools
A computer program developed by NASA 10 analyze a spacecraft or airplane design and predict how
parts wil perform s now used to help design automoblles.

Thermal Gloves and Boots

Thermal gloves and boots have heating elements that run on rechargeabie batteries wom on the
Inside wrist of the glove or embeaded In the sole of the skl boot. This technoiogy was adapled from &
spacesult design for the Apallo astronauts.

Advanced Plastics

Spacecraft and oier electronlcs need very special, low-cost materlals as the base for printed
circults (Ike those Inskde your computer). Some of these “Iiquid crystal polymers” have tumed out t
be very qood, low-cost materiais for making contalners for food and beverages.

National Aeronautics and Space Administration
Headquarters
Office of Legislative and Intergovernmental Affairs
300 E Street SW
Washington, DC 20546-0001
Phone: 202-358-1055
Fax: 202-358-4340
http:/fveerw.nasa.govicffices/ofia

National Aercnautios and Space Administration

oY
GeneLab



Mission Scientist: Rodent Research (RR) Project

N

=22 Astronaut Christina Koch
"= Kidney Cell Experiment, LSG




Space is Hard!

Parabolic Flight aka the Vomit Comet

8.500m e
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Space is Hard!

.

Dr. Andrew Feinberg



Day 2 On Orbit
NASA Flight Habitat

Dark Cycle

Ronca, A.E., Moyer, E.L., Talyansk
Rep 9, 4717 (2019). https://doi.or S————".
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NASA’s Vision e;@b

We reach for new heights and reveal the
unknown for the benefit of humankind




