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SLPSEA 2011 NRC Decadal Survey and the Sequencing Paradigm Shift "m"

Cost per Raw Megabase of DNA Sequence
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“...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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Life and Physical Sciences Research for a New Era




SLPS Omics Acquisition in Space is Now a Reality

This is truly an exciting time for cellular and molecular biology, omics and

biomedlﬂ_"lﬁresearch on ISS with these amazing additions to the suite of
ISS La @f_r@ﬁ@fyﬁpabilities.
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GenelLab ecosystem: maximizing knowledge by bringing

experiments together as a system

e Sequencing on ISS is still limited in the amount of data generated
— Most of the work needs to happen on earth

« Measurements on human cannot be too invasive and limited in numbers
— Usage of animals

Increasing Genetic Diversity (more samples/payload) K

Identify Shared Processes/ Molecular

Signatures
‘( p " Hypoxic Response ? Fruit Fly Lab (FFL-02) Scientist's Blog
* Oxidative Stress

- e Common Tissue (e.g. muscle, liver, heart, eyes,
S, brain,...
IMI"!'T, )

PLANT For Spaceflight

*High “n” number - statistically significant data

Increasing Human Relevance , , . )
Genetically identical animals

ANIMAL . «Low resource requirements
4 «Short life cycle - multiple generations
MICROBE ' *Measure response of a whole multicellular animal

*Flies used as a model for humans for innate immunity,
circadian rhythm, oxidative stress, neurobehavior,
development, genetics, GWAS, “omics” studies etc.

@

4



GenelLab Data Democratization
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GenelLab Database: >200 data sets
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Beheshti et al., Radiation Research 2018 I transcription profiling



SLPS Space Biology Interest for NASA

L3

- Exploration Subsystems

« Mammalian Cells
» Model Organisms

- Model Organisms
- Cell and Microbial Biology
» Biomolecules

- Bioregenerative Life Suppoi



Space Environment
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Space Health Risks On Astronauts
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ZLPS Systemic Alterations with Spaceflight Associated Health Risks: @%‘

Determined Utilizing GenelLab datasets

« Circulating miRNA Signature Predicts Health Risks Associated with Radiation and Microgravity

* Multi-Omics Analysis using GenelLab database recognizes Mitochondrial Dysfunction as a mediator of
spaceflight health risks

jove

RESULTS DESCUSSE0H MATERIALS REFEREMCES HOWHLOADS

® GEMETICS

Exploring the Effects of Spaceflight on Mouse Physiology using the Open Access NASA Genelab
Platfarm

sion, HASA Ames Research Cemter PRA, HASA Ames

TR 1,135
Exploring the Effects of Spaceflight on Mouse .

Physiology using the Open Access 4 Title
MASA Genelab Platform

Rodent Handling for Spaceflight Experiments
Adghin Belweahti', Yadarmas Shiazi-Fard®, Sungihin Choit
Claniel Berrios!, Samramit . Gebire', konathan M. Galadka®, )
A Syhvain V- Coratast 152 Dataset Analysis

Metadaes /
Transcript

Results: Determining Key Genes Between Rodent
Habitat- and Yivarium-houssd Mice
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What are miRNAs and why study miRNAs

A) Classical View of Molecular Biology C) New Understanding of Molecular Biology

it B) miRNA Publications over Time e
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Systems Biology View of miRNAs

Systems Biology View of miRNAs GPLOS o
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Process after mice are
sacrificed

A microRMNA signature and TGF-f1 response
were identified as the key master regulators
for spaceflight response
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Health Risk Due to miRNAs
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Predict miRNAs with Space Radiation Cardiovascular Risk
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Predict miRNAs with Space Radiation Cardiovascular Risk
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Presence of miRNA signature in Serum of Mice in Simulated W

Space Environment

miRNA Signature in Serum Hindlimb Unloading
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HU for an initial three days followed by IR and continuation of HU for another 1 or 11 days

Preliminary data on miRNA signature Presence with Space

Radiation

Radiation exposure: Total body irradiation, conscious mice, 600 MeV/n >®Fe (1 Gy and 2 Gy), 150 MeV Proton (1Gy) or ‘1Gy
Mix' (0.5Gy *®Fe and 0.5Gy Proton)

Increasing Dose and lons causes

increase MiRNAS in serum
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Impact of the Space Biology miRNA Signature on Functions and

potential use for a novel Countermeasure

Predicted Immune Related Functions

Predicted Muscle Related Functions
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Multi-Omics Analysis using GenelLab database recognizes Mitochondrial

Dysfunction as a mediator of spaceflight health risks
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Health Risks On Astronauts in Space
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The Mitochodrial Stress Response
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The Mitochodrial Stress

Response
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The Mitochodrial Stress Response

Mitochondrial Dysfunction Impacts Many Organs
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Figure 1 | The variability of mitechondrial disease manifestations. Mitochondrial
diseases can manifest both in children and in adults, and can present in various organs,
including in multiple argans that may have no apparent functional links to each other,
such as the brain and liver, or pancreatic f-cells and the auditory system, Sometimes
manifestations only affect one tissue, such as the heart or the optic nerve, Children

for example,

may recover from one phenotype and later develop another
in Pearson syndrome, the primary manifestation is exocrine pancreatic dysfunction
and megaloblastic anaemia, and the survivors may later develop brain disease.
Typically, these disorders are progressive.

Nat Rev Mol Cell Biol. 2018 Feb;19(2):77-92. doi: 10.1038/nrm.2017.66.




Multi-Omics Analysis using GenelLab database recognizes Mitochondrial

Dysfunction as a mediator of spaceflight health risks
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Quantitative Response to Spaceflight Global view of the data
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In Vitro Human Dataset Analyses Reveals Conserved
Mitochondrial Response to Spaceflight
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In Vitro Human Dataset Analyses Reveals Conserved

Mitochondrial Response to Spaceflight

A. aen sy B. i iy Gene Set Enrichment Analysis (GSEA) of human
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Multi-Omics Analysis on mice flown to ISS reveals Mitochondrial
driven response stemming from the liver
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Multi-Omics Analysis on mice flown to ISS reveals Mitochondrial

A) Mitochondrial Activity
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Cross-tissue, cross-omics pathway analysis reveals a

convergence on key dysregulated processes

Supplementary Figure in
Paper showing the entire
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Metabolomics on muscles reveal mitochondrial factors as top

biological factors being regulated by spaceflight
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Metabolomics Related to Proteomic and Transcriptomic data

C) Mitochondrial Activity
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Global Metabolomic Shifts and Specific Mitochondrial related
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MSe fragmentation spectrum of carnitine

‘ ‘- _. [M+H]* 162.1139, Ret. Time 0.37 min

“Fatty acids are transported via carnitine into mitochondria for

their subsequent oxidation to generate ATP. Studies have also

shown that carnitine has a protective effect both on trum of malate
mitochondria and in whole cells by inhibiting free fatty acid- me 0.39 min

induced mitochondrial membrane damage and/or its
secondary effects”

From: PMID: 20648231

Supplementary Figure 2: Panel A — GEDI self organizing maps showing global metabolomic shifts due to the effects of

spaceflight. Panel B - Carnitine and malate levels with their theoretical fragmentation spectra from Progenesis Ql. Levels are
depicted as mean * standard error of the mean. * p<0.05, ** p<0.01.
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Astronaut Physiological Factors Confirm Omics in vitro and in

vivo analysis!
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Mitochondrial Driven Factors Might be Key to Systemic

Spaceflight Associated Increase in Health Risk
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2. Adrenal Glands: Transcnptomics, Proteomics, and Epigenatics (AR1 and RR3)
3. Kidney: Transcriptomics, Proteomics, and Epigenatics (RR1 and RR3)
4. Liver: Transcriptomics, Proteomics, and Epigenatics (RR1 and RR3)
5. Carotid Arteries: Transcriptomics (RR3)

6. Soleus Muscle: Transcriptomics (RR1)

7. BExtensor Degitorum Longus: Transcrniptormes (HR1)
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GeneLab was instrumental
to determine this universal
response!

No other possible way to
piece the puzzle together
without the power of
GenelLab

The large collaborative
nature of the AWG was
essential to drive this
work!!
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Expanding capabilities by
visiting an asteroid redirected
to a lunar distant retrograde orbit

\

The next step: traveling beyond low-Earth #
orbit with the Space Launch System \
rocket and Orion spacecraft
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Mastering fundamentals
aboard the International

/ Space Station
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U.S. companies
provide access to
low-Earth orbit
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Many Space Biology Questions and Challenges Still Need to
Addressed!

Nasa

EXPAND HUMAN KNOWLEDGE THROUGH NEW
SCIENTIFIC DISCOVERIES.

. EXTEND HUMAN PRESENCE DEEPER INTO SPACE
L 3 AND TO THE MOON FOR SUSTAINABLE LONG-
B TERM EXPLORATION AND UTILIZATION.

ADDRESS NATIONAL CHALLENGES AND
CATALYZE ECONOMIC GROWTH.

MARS READY

MISSION: 2 TO 3 YEARS

RETURN TO EARTH: MONTHS

OFTIMIZE CAFABILITIES AND OPERATIONS.

NASA 2018 Strategic Plan Framework

Theme Strategic Goal Strategic Objective

UMAN KNOWLEDGE I

4 GPTIMIEE CAPABILITIES AND
i OPERATIONS

Developing planetary independence
by exploring Mars, its moons and
other deep space destinations
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