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Outline

e What is “omics” and what can we learn from an omics
investigation?

 What is the Twins Study?

* What issues is NASA grappling with as it undertakes omic
research?




Omics: A neologism for the constellation of an organism’s “~-omic”
information, which includes the genome itself (genomic),
transcription products (transcriptomic), protein products
(proteomic) and metabolic products (metabolomic).

medical-dictionary.thefreedictionary.com/omics

\ J m
C )
Transcriptome < >
& _
Mmmlome HD Nucleotides . L i

Metabolites

[

Phenotype/Function

23 Sept 2014 http://regionalextensioncenter.blogspot.com/2011_11_01_archive.htm 3
|



Example: The “Snyderome”

Personal Omics Profiling
Reveals Dynamic Molecular
and Medical Phenotypes

Rt Owen,' "' Goonge L Mias, """ Jannider U-Pook-Than, "' Lihua Jang,' "' Hugo Y Lam. " ¥ Rong Chea® '*

J Konwad J. Kaczowaky! Mano; Hathamn ! Fredadck E.Dowoy,? Yong Chang.' Michas! L Clan'
eQ0ee. T Sugantty Baksutmmanian ™ Maewe O'Hualachain! Jool T. Dudioy *
SaraHleameyer, Rajnl Hamksngh,' Dondd Shame.' Giva Sakirdwn,! Phi Lacrouts.! Keth Batnge, AnP_Boye.'
Maya Kaowshl,! Fabian Grderl! Scott Sei.” Marco Gamia® Mdhelio Whirs Canflio,” Mercedes Qalado ™0
Mara A Blasco ¥ Potir L Guondong * Pylis Sayder,! Ted £ Kioin' Russ B Altvan ' S Ad | Butle * Buan A Aahioy ”
Mark Corstoin S ™ Kari C. Nadkeau * Hua Tang. ! and Michas! Srydar'*

| Dot of Conetc s, Saerds a o Medcrw

mmuncogy wd Alegy, Depsetrrert of Pedaercs

‘Onimien of M idogy. Dwpartre
* of Sowrgiweng

S bt Lirversty, Snnda, CA 94304, USA
*rogran b Carpuseaul Boogy e Serformecx
TOupartrmrt of Molecu b Sopbysc x s 5o iy

*Ompartrmrs of Canpun
Yl ey, Naw He e o
Mo e e Tekom enese Grous Moo be gy Progran, Speesh Netersd Carcer Gartite (ON0), M £ 2008 Span 2
. O

PP
e ‘ s

T4 o Mot

"Frwaert adchess Pascoui e Ao, C

e rpcey el fad s " bk

VO ghntinn

]

Mg enn

SUMMARY INTRODUCTYON

W D Nt

Pomonalized mo no s expoctod 10 bonafit from  Pememing medore @ns 9 cese medol mia, monlce
combinng goenomic imformaton with reguinr momn
tonng of physologcal states by multge hgh
throughput me thods. Hore, wo prosent an stogratve
porsonal amics profie @POF), an analysis that
mbinos gonomic, Fransoripiomc, proteomic, me

Toul paterts wcondng o Sue soecfic guraic
A harote The acwnt of guncrs
- ari s of i dogion s bas iroven [ O ————

(AT coursansr mary. The sutecte @ ronkomad for & tomd of T2 dayn, GG which thars wans two Inctions Ped bar, MR, gman bar, PGV Tha black bar
et et tha packd whan th tutiecs (1jincranmd amccize, 5} ngatad i mg of aceniualeylic Akt and Bayrofen tb e anch duy (ha | frar onfy dung the
1% wamicx of thin paciod, it O mtmmreiny rackacad Mo | rmke. Tl resvh vt xS tee ot

e
© be powerll Cance Gerome Al Fessach Netwak
% Howase, 28 mdanaadion fa Ta wd e of aba wae

bty pdvcuds b estma o s ok ard rudcd

tabolomic, and autcantbody profiles from a single
ndrvicial over a 14 month penad. Ouwr iPOP analysis
revesed vanous mediod naks, noodng type 2
disbotos. It also uncovered mdonsive, dynamic
changes i dwome moecular compononts and
TIPS % acuss hasty and dooasad
conditons. Extromaly high-covomge genamio
and trans data, wisch prowde the basa
of our POP, mwalod axionsiw holomalislic
changes during haalthy and dseasod states and an
unmxpacteod ANA editing mechamem. Tha study
demonstrates fint longtuding POP can bo used
to merpmt haaithy and disaasod statos by connoct
g genomsc sformaton wih addtional dynamio
omce actw

PNcTELion B las cia. Mueh of he ginane o dffat o
L L g N

‘

Ogcd Sacedas ard aurcar, el invelve & lage numbe ¢
Eennt guodn and Solaged Sehways Rabley of 4l 2090
Grayscn o & 20 Letal 2000 as wel & invirenmensd
bty s Bl ol be GMat © aewc Assudh, @
rar o garomic PAamation siooy wih 4 dlsnd
s of aanohs wil e moa st be peede
e g iz i 2 wel o
(pris daor, e Sovvaier e of dsmeae s |
Praenty. Paathy wnd Gessiwed Saes s tpcdy
g & Imbed of assys Tul Ao & wnadl Purtr
{ Gstines Yy Wi e eV ot
apea, [t 3 rew posibie % @y Wward of 10
For eoampin, ONA mcroatas tuvwe

‘

raw St
moecua o

slowad tu sbcugvingan of mohoous @

T FOP apairranca dealon ndicatng the timues and an yeea rvolved In $a sudy

(0 Clrmom fzywinald oz 4., 500800 o2 Rurmarizing I OF. From cume 00| e fngit: Chnmanonms Kecgrim: genomic dem fnie B e fingt, Xnacaes wrisos:
5050 1 A aiorss [ ot cheAcations ed tiea], Indali (reen e it rAnErErom i e lywlow 43 L acprasalon rads of MY inecrion 1o haathy XAt
provecmic dam Bght parie Ing, mtio of peten lasle Aring MRV inetion 1o haalthy sate: Tarect pierle deta (o mingl, dReernial hataroalind i
STTAION A O AR MU w A Allain for rinIAC A0 VAdEx farTie dom) and candidacs TNA A Id ATONYTIVAS et
Wt G A, P O, AANOA TTIATGM AT AR ot reesachelys

G i g re 5

e Ak Evdustion 50 I 0 [oas-of -Locdon (Tatle S04 Tha it of gunes wiss
We dertifed valans (haly % o soodeed wih ravsed At eoantad for medcd Mownoe Tade 24 wanpe
o daeaie (Dowey of b, 2071) The Bz of Mgh  aloios we sumestied B Sgure 28, e 17 wars valicite.
W e s wis druiyoed o rere sl (< Sergwr seuanang. Hoh irtens ! gerea Ireude. (9 & mutaton
oM diel froguency B Sunpeans) and for churgan b (2388K) 0 e SERPINAT gere posvicusly krown e e sutject,
Gared Wit rowr Mol @ da s phaeotyos (Cuts sy (3 & danagiry muatce i TEAT, axcoaed with sopmd

d 0 Tt 2. rovedng et 59 and 4 of Buraw codeg apied c arneta (Yanageds etul, X and (3 vt acoo.
A i, e PRc waly, [ Qe s ant 0 OMIM e precicted.  cited with hy s ycaridunie wd Sabd . wch s G

WGE 8w

Col 748 1208500, March 18,200 2 Esmver i 128

23 Sept 2014

Celll (2012) 148:1293-1307. 4




Analyses

B SAMPLE TYPE METHOD ANALYSES

Whole Genome
Sequencing

) 4

Variant Calling / Phasing

Heteroallelic & Variant
Expression

Whole Transcriptome
PBMC > Sequencing > RNA-Editing
(mRNA and miRNA)

h 4

Quantitative Differential
Expression & Dynamics

v

Variant Confirmation in
RNA and Protein

) 4

Proteome Profiling

Untargeted Proteome I Quantitative Differential
Profiling "} Expression & Dynamics

Targeted Proteome
Profiling (Cytokines)

) 4

b 4

Quantitative Expression

) 4

SOINO TVNOSHdd d41VHO1NI

) 4

Metabolome Profiling

b 4

Serum Dynamics

AT SRS >l  Differential Reactivity >
Profiling
Medical / Lab Tests = Glucose, HbATc, CRP,

Telomere Length




Timeline

HRYV Infection RSV Infection
0 4 21 289290292 294 297 301 307 311

Life Style
Change

380 400

-123 116 185186
Day from HRV

Infection (D) -//
(401-602)

255 322 329 369 (Glucose Only)
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Genome: Quantitative Risk Estimates

>
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Open angle glaucoma
Dyslipidemia
Coronary artery disease

Basal cell carcinoma

Osteocarthritis

Age related macular degeneration
Hypertension

Obesity

Asthma

Stroke

Psoriasis
Pseudoexfoliation syndrome
Depression

Prostate cancer
Alzheimer's disease
Squamous cell carcinoma
Gout

Parkinson's disease

0 10 20 30 40 50 60 70 80 90 100 (%)




Decomposition of the Risk Estimate

C Type 2 diabetes

Genotype Test LR Studies Samples Probability

Prevalence 27%

TCF7L2 rs7903146 CT 1.18 49 140717 30%
rsl0811661 TC 0.85 18 154141 27%

KCNQ1l rs2237892 CT 0.80 13 6570 23%
FTO rs8050136 CC 0.87 10 63470 20%
CDKAL1 rs7754840 GG 0.91 10 51327 19%
SLC30A8 rsl13266634 CT 0.94 9 145718 18%
IGF2BP2 rs4402960 GT 1.06 8 104401 19%
KCNJ11 rs5219 TT 1.15 7 87066 21%
rs1111875 TT 0.88 6 93188 19%
PPARGC1A rs2970847 TC 1.31 4 5558 24%
rs7578326 AA 1.07 3 94337 25%
rs4457053 GG 1.12 3 94337 27%

KCNQ1 rs231362 GG 1.07 2 94337 29%
ARAP1 rsl1552224 AA 1.03 2 94337 29%
JAZF1 rs864745 TC 1.00 2 89920 29%
RBMS1 rs1020731 GA 0.95 2 84605 28%
rs9300039 CC 1.05 2 42170 29%

WFS1 rsl10010131 GG 1.07 2 30248 31%
EPO rs1617640 AA 1.48 2 4011 39%
TP53INP1 rs896854 TC 1.01 1 94337 40%
rs5945326 AA 1.09 1 94337 42%
rsl2779790 AG 1.06 1 89920 43%
rs1153188 TA 0.96 1 89920 42%

THADA rs7578597 TT 1.03 1 89920 43%
rs4607103 CC 1.04 1 89920 44%
rsl17036101 GG 1.02 1 89920 44%

MTNR1B rs10830963 CC 0.94 1 16061 43%
HNF1B rs4430796 GG 1.13 1 11320 46%

10% 50% 100%



Wide Range of Predictive Power

A Monogenic diseases

Genomes arecom plex A Majority of disease risk by single gene

Epigenetic disease(>1 gene + environment)

11% of the genes for clinical interpretation

Tay Sachs (100%) P 100% # Cystic Fibrosis (100%)

4

Cardiomyopathy (55%) Breast Cancer (40-80%)
50%

Type 2 Diabetes (25% to 33%) ‘
- 1.35fold increase

! Alzheimer’'s Disease (10%)
0% - 2-10fold increase



(Targeted) Metabolome: Glucose

D Glycated HgA1c (%): 6.4 6.7 49 54 53 4.7
(Day Number) (329) (369) (476) (532)(546) (602)
160 T
10 ' T SR
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Day Number (Relative to 1st Infection)

A A A

HRV Infection RSV Infection Life Style Change
(Day 0—21) (Day 289-311) (Day 380-Current)
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ingestion of low doses of acetylsalicylic acid a
gradual decrease in glucose (to ~93 mg/dl at day “Fhreseresulis-indicate-that-a-genrome-sequence-can
602) and HbAlc levels to 4.7% was observed.” _be _u;ed 1o et dlgea_se ”Sk_ n a hea_lthy :
individual, and by monitoring traits associated with
that disease, disease markers can be detected and

the phenotype treated.”




Transcriptome: Unexpected Activations
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“A large number of genes with a coexpression pattern
common to both infections in the time course have yet to be
implicated in known pathways and provide possible
connections related to immune response.”
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Outline

* What is “omics” and what can we learn from an omics
investigation?

{- What is the Twins Study? }

* What issues is NASA grappling with as it undertakes omic
research?




The One-Year Mission

ISS Crew: Scott Kelly, Mikhail
Kornienko Sign On For One-Year
Mission

3% 12 ¢ 3 17 CET SCIENCE ALERTS:
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FOLLOW: Voo, Scott Kelly, Imemational Space Stabion, lse Crew, s Mission, Mikhail Kormienko,

Int=rmational Space Station, Science News

By: Tariq Malik
Published: 11/26/2012 08:12 AM EST on SPACE.com

A veteran NASA space commander and Russian cosmonaut have signed on for the
g

ultimate space voyvage: a yearlong trip on the International Space Station

American astronaut Scott Kelly and Russian cosmonaut Mikhail Kornienko will
launch on the one-year space station flight in spring 2015 and return to Earth in
spring 2016, NASA officials announced today (Nov. 26). They will begin their mission

traming in early 2013.

The mission will help NASA understand how the human body adapts to extremely
long space missions, such as voyages around the moon, to an asteroid and ultimately
to Mars, NASA officials said.

23 Sept 2014

HOME > SCIENCE
Astronaut Scott Kelly Preparing for
Unprecedented One Year in Space; Mission to
Experiment on His Bone Mass, Vision, Immune
System

By Latin Times Staff Writer, Dec 07, 2012 0800 PM EST

O Comments & = Elike o Wiwest 0 Q1 1 mwg TaxiSge - +

| g o i




COMMENTS I

NASA will separate twin brothers for

S Emal W ¢

By Carl Fr

Filke 147k W Foliow 256K folowers

b

Of all the members of NASA's an! crop of distinguishaed astronauts, only two have the
diatinatian ol baing identical twin brothers. And now NASA Is using an idea
I Bramars, Mark Kelly and Scott Kelly, to perform a study that's been

U Ut now. Beginning in March 2015, the space agency will be
# Dlological states of both twin brothers over the span of a year, with a twist:
Scott will be aboard the International Space Station for the duration of that period, while

W Tweet

Mark, who ratired from NASA back in 11, will remain back hare on Earth

a year: one on Earth, one in space
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\AIEST | HEADLINES

New Oculus Rift cover
shooteris so realistic,
players warned not to lean
on virtual objects

Sea level and temperatures
hit record highs last year,
report says

Microsoft launches
Windows Phone web tool
to let anyone create apps

L US government considers

maatinn nf o suharcgeeniesy
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NRA Solicitation

National Aevopautics and Space Administration
Jolmson Space Center

Human Exploration and Operations Mission Directorate
Human Research Program

Houston, TX 77058

Human Exploration Research Opportunities (HERO)

Appendix D

Differential Effects on Homozygons Twin Astronauts
Associated with Differences in Exposure to Spaceflight
Factors

Response Period: July 30, 2013 - September 17, 2013
Proposals Due: September 17, 2013, 5 P Eastern Time
Estimated Selection Announcement: Jannary 2014

Agppeodx D - |

“To capitalize on this unique opportunity,

NASA’'s Human Research Program (HRP) and the
National Space Biomedical Research Institute
(NSBRI) are initiating

a pilot demonstration project focused on the use of
integrated human -omic analyses to

better understand the biomolecular responses to
the physical,
physiological, and
environmental stressors associated with

spaceflight.”




Selections

e 2 Subjects

Scott Kelly
Mark Kelly
e 10 Selections
1. Susan Bailey, Colorado State University, Differential effects on telomeres and telomerase in twin
astronauts associated with spaceflight
2. Andrew Feinberg, Johns Hopkins University School of Medicine, Comprehensive whole genome

analysis of differential epigenetic effects of space travel on monozygotic twins

3. Christopher Mason, Weill Medical College of Cornell University, The Landscape of DNA and RNA
Methylation Before, During, and After Human Space Travel

4. Scott Smith, NASA Johnson Space Center, Biochemical Profile: Homozygous Twin control for a 12
month Space Flight Exposure

5. Emmanuel Mignot, Stanford University School of Medicine, HERO Twin Astronaut Study
Consortium (TASC): Immunome Changes in Space

6. Fred Turek, Northwestern University, HERO Twin Astronaut Study Consortium (TASC) Project:
Metagenomic Sequencing of the Bacteriome in Gl Tract of Twin Astronauts

7. Stuart Lee, Wyle Laboratories, Metabolomic And Genomic Markers Of Atherosclerosis As Related
To Oxidative Stress, Inflammation, And Vascular Function In Twin Astronauts

8. Brinda Rana, University of California, Proteomic Assessment of Fluid Shifts and Association with
Visual Impairment and Intracranial Pressure in Twin Astronauts

9. Mathias Basner, University of Pennsylvania School of Medicine, HERO Twin Astronaut Study

Consortium (TASC) Project: Cognition on Monozygotic Twin on Earth

10.  Michael Snyder, Stanford University, HERO Twin Astronaut Study Consortium (TASC) Project:
Longitudinal integrated multi-omics analysis of the biomolecular effects of space travel

http://www.nasa.gov/content/nasa-selects-10-proposals-to-explore-genetic-aspects-of-spaceflight/
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Vasculature Cgmon “*Microbiome Tarqeted and Global Metabolomlcs Cy’g_okines -
Lee Basner Turek Lee/Rana, Mignot/Snyder & Smith Mignot

NN AT N

Chramahd Chromatid Telomere Lenqth
Bailey

B-cells / T-cells

Mignot

Telomara

Antibodies
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1S Sco_ttKel I\SS for one year i_ﬁ Chromatin
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| “1 Mason ¢‘< b "1%'% large/small RNA
i - DNA Methylation & RNA Methylation Proteomics

[

s ' Lee/Rana
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Nﬁ\SA

Measuring the Temporal Response to Space Flight

Metabolites

2 major sample collections pre-flight b e I
10 major sample collections in-flight
2 major sample collections post-flight

Notional Time Courses

* 6 major sample collections ground

23 Sept 2014 19



Outline

e What is “omics” and what can we learn from an omics
investigation?
 What is the Twins Study?

* What issues is NASA grappling with as it undertakes omic
research?




Issues Associated with Omic Research

Protect the Research Subject

Medical care

Occupational health

Employment activity



Protecting the Human Subject

* Interim policy on genetic research JID 1800.4 -
_ Applies to the NASA Flight IRB = Smmmm—
- “For purposes of this policy, the term ‘genetic _ —
analysis’ includes research involving human . oL
DNA, RNA, chromosomes, proteins, or S s
metabolites that detects genotypes, mutations,
or chromosomal changes. It excludes the

analysis and collection of bio-specimens that
will not be submitted to genetic analysis.”

* Changes to the Informed Consent Form

23 Sept 2014 22



Risks of Genetic Research

* The primary risks involved in genetic research are risks of social
and psychological harm, rather than risks of physical injury

* Genetic studies that generate
information about subjects' personal
health risks

- Could provoke anxiety and confusion
- Damage familial relationships

- Uncover unwanted information about
heritage, ancestry, and family
relationships

[l.C. Additional Informed Consent

Requirements

1. Any study involving genetic data shall
provide test subjects with genetic
counseling as appropriate to the study
objectives and when requested by the
Flight IRB.




Incidental Findings

* 56 genes might lead to medically actionable results

 American College of Medical Genetics and Genomics (ACMG) 2013 —
(http://goo.gl/C888BY)

Tay Sachs (100%) »  100% -l Cystic Fibrosis (100%) II.C. Additional Informed Consent
Requirements

R 1. Any study involving genetic data shall
provide test subjects with genetic
counseling as appropriate to the study
objectives and when requested by the
Flight IRB.

Cardiomyopathy (55%) ’, Breast Cancer (40-80%)
50%

| <

Type 2 Diabetes (25% to 33%)
- 1.35fold increase

Alzheimer’s Disease (10%)
0% - 2-10fold increase




Sharing Information with the Research Subject

* Will the subject have the option to receive
individual genome sequence data?

* Will the investigators interpret the results of
the genome sequence and will that result be
disclosed to the research subject?

[l.C. Additional Informed Consent
Requirements

* If the genome data are given to research

subject will he/she have the option to decline | 1- Any study involving genetic data shall

to receive all or part of the results? provide test subjects V.V'th genetic
counseling as appropriate to the study

(Right Not to Know) objectives and when requested by the
Flight IRB.

* |If there are medically actionable results will
the investigators provide expert counseling
or referral?



Concern: Identifiable Data

* There are several kinds of gene sequencing

Whole Genome ' =@ -
RNA-seq . =60
ChlIP-seq
Methyl-seq “lelsle o

* All generate identifiable data

- Deidentified sequences can be re-identified



Confidentiality and Privacy

* Individual genome sequences are unique and therefore uniquely identifiable

* Genome sequence placed in the public domain, may enable others to infer
health information about the individual and his/her relatives

[I.B.2. Use of genetic data

a) Data shall not be disseminated
beyond the immediate control of the
individual investigators documented in
the protocol approved by the Flight IRB.
b) Genetic data shall not be data-mined
or cross-referenced with other
databases of any kind unless approved in
advance by the Flight IRB.

c) Investigators shall not attempt to
identify individual participants within
de-identified data sets or pooled
specimens, or to otherwise "reverse
engineer" or "disassemble" data sets for
bio-specimens involving NASA research
subjects.

[1.B.3. Security and Storage of data

a) Genetic data shall be encrypted and
stored on secure servers. All IT systems
used to store, process, or analyze genetic
data shall comply with NASA’s IT security
standards for systems containing Privacy
Act-protected information. In addition,
no genetic data may be stored on mobile
devices such as tablets, smart phones, or
on removable media.

b) Genetic data stored on laptops shall be
limited to the minimum amount required
at any one time for current research
purposes.

c) Once a study is completed,
attributable data shall be archived in a
secure manner by the

investigator. Investigators may be
required to archive original study data
at NASA or elsewhere at NASA’s
direction, and to destroy all copies of
the original study data after the study is

bt

[I.B.4. Release of data

a) No genetic sequence data may be
posted online or otherwise published or
made public.

b) The IRB may waive this prohibition for
the release of limited sequence data that
is non-attributable. The IRB must
approve such a limited release in
advance. The informed consent of the
affected research subjects will be sought
prior to such release.

c) The privacy of genetic information will
be protected to the full extent of the law,
including after the death of the subject
to avoid the unwarranted invasion of
personal privacy of surviving family
members.




The General Levels of Confidentiality and Privacy

1. The study may retain genome sequences and not allow any data sharing to any

third party

The study may share with qualified third parties conducting related research

The study may share the data using a secure server like the NIH dbGAP

The study may deposit the data in a publically accessible database

I1.B.3. Security and Storage of data

c) Once a study is completed,
attributable data shall be archived in a
secure manner by the

investigator. Investigators may be
required to archive original study data at
NASA or elsewhere at NASA's direction,
and to destroy all copies of the original

ll.B.4. Release of data

a) No genetic sequence data may be
posted online or otherwise published or
made public.

b) The IRB may waive this prohibition for
the release of limited sequence data that
is non-attributable. The IRB must approve
such a limited release in advance. The
informed consent of the affected
research subjects will be sought prior to
such release.

c) The privacy of genetic information will
be protected to the full extent of the law,
including after the death of the subject to
avoid the unwarranted invasion of
personal privacy of surviving family
members.

[.C.3. Subjects have the right to review
presentation slides prior to public
presentation and to review manuscript
drafts and final publications before
public release. Research subjects have
the right to have their identifiable
information removed from the
presentation or publication.

study daia.ajter the study Is complete.




Insurance and Employment

* What assurances can be made about health insurance,
disability insurance, life insurance, and employment?

From the Informed Consent Form (ICF)

12.9 Confidentiality and release of protected health information for genetic
research studies
* We will not convey your individual research results from this study to your
medical record.
* We will not give your results to anyone else including your doctors. If we find
something in your research testing that we believe can be used to directly help
you with medical decisions, we will give that information to you.




Conclusion

e The Twins Study (Scott and Mark Kelly) is NASA’s first foray into 215t-
century omics research

Built around Scott Kelly’s one year mission

* The Twins Study will examine

Genome and epigenome

Transcriptome and epitranscriptome

Proteome

Metabolome

Microbiome

Physiology

Cognition
NASA is addressing

Protections for research subjects

* Interim Genetic Research Policy JID 1800.4

* Agency-level policy expected by summer 2016

Use of data in medical care and occupational medicine
Use of data in mission planning
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