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(0)	
  

Revolu5on	
  	
  







But!	
  There	
  is	
  more	
  than	
  one	
  genome:	
  
In your body’s cellular democracy, 

	
   	
   	
   	
   	
   	
  YOU	
  are	
  a	
  minority party: 

1.3-­‐10X	
  bacterial:human	
  cells	
  (Zhu	
  et	
  al.,	
  2010,	
  
Sender	
  et	
  al,	
  2016)	
  
150:1	
  bacterial:human	
  ac5ve	
  transcripts	
  in	
  the	
  gut	
  
microbiome	
  (Qin	
  et	
  al,	
  2010)	
  

hZp://biorxiv.org/content/early/2016/01/06/036103	
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200 pounds 

3-­‐5	
  pounds	
  	
  	
  bacteria 
195-­‐97	
  pounds	
  human





(1)	
  
Microbiome	
  

Hope	
  



learn.gene5cs.utah.edu/content/microbiome/disease/‎	
  





36%  
of	
  the	
  small	
  molecules	
  	
  

in	
  your	
  blood	
  	
  
are	
  from	
  the	
  microbiome	
  	
  



Many	
  organisms	
  work	
  on	
  your	
  behalf!	
  

hZp://cen.acs.org/ar5cles/92/i39/Mining-­‐Microbiome-­‐Therapeu5cs.html	
  





Omura	
  thanks	
  his	
  microbial	
  helpers	
  

“I	
  was	
  helped	
  by	
  microorganisms.	
  I	
  wonder	
  if	
  I	
  
deserve	
  the	
  prize,”	
  he	
  said.	
  



Where	
  do	
  
they	
  come	
  
from?	
  



We	
  all	
  carry	
  a	
  “microbiome	
  cloud”	
  



Jessica	
  Lee	
  Green	
  



Mothers	
  Give	
  Us	
  a	
  Lot	
  (Beyond	
  Love)	
  



Funkhouser	
  and	
  Bordenstein,	
  PLoS	
  Biology,	
  2013	
  



Sharing	
  
=	
  

Caring	
  



hZp://thepowerofpoop.com/	
  

Fecal	
  Microbiota	
  Transplants	
  (FMT)	
  



95%	
  success	
  rate	
  for	
  C.	
  diff	
  
70-­‐80%	
  success	
  rate	
  for	
  ulcera6ve	
  colitus	
  
-­‐	
  David	
  Shepard,	
  MD	
  

hZp://thepowerofpoop.com/interview-­‐with-­‐fecal-­‐transplant-­‐doctor/	
  







Sharing	
  
=	
  

Caring	
  







(2)	
  
Microbiome	
  

Fear 













Sharing	
  
!=	
  

Caring	
  









"FEAR is	
  the	
  main	
  source	
  of	
  	
  superstition,	
  
	
  
and	
  one	
  of	
  the	
  main	
  sources	
  of	
  	
  cruelty.  
 
To	
  conquer	
  fear	
  is	
  the	
  beginning	
  of	
  	
  wisdom."	
  	
  
	
  

–	
  Bertrand	
  Russell	
  



FEAR	
  

KNOWLEDGE







(3)	
  
City-­‐scale	
  

metagenomics	
  	
  



www.pathomap.org	
  





Open-Source GIS Cloud App �
(iOS and Android)




First	
  city-­‐scale	
  metagenome	
  profile	
  



1,427	
  samples	
  from	
  the	
  NYC	
  Subway:	
  

5.5 million riders/day  

656 miles 

468 stations 



Unknown&
Organisms&
48.313%'

Bacteria'
46.927%'

Eukaryota'
0.771%'

Ambiguous'
4.184%'

Viruses'
0.032%'

Archaea'
0.003%'

Plasmids'
0.001%'

1.	
  Swab	
  (3	
  min)	
  

Data	
  
Entry	
  

2.	
  	
  Annotate	
   3.	
  	
  GPS-­‐tag/5mestamp	
  

Extract	
  DNA	
  (n=1,457	
  samples)	
  

96-­‐plex	
  TruSeq/Qiagen	
  Libraries	
  

10	
  billion	
  125x125	
  DNA	
  Fragments	
  

Quality	
  Trim	
  (Q20)	
  

MegaBLAST-­‐LCA	
  alignment	
  

Confirm	
  with	
  MetaPhlAN	
  

Upload	
  

Pseudomonas	
  Density	
  
Half	
  of	
  the	
  world	
  	
  
under	
  our	
  finger6ps	
  is	
  unknown	
  



graphics.wsj.com/patho-­‐map	
  



Pseudomonas	
  pu>da	
  can	
  help	
  absorb	
  chemicals	
  



HMP	
  Comparison	
  Shows	
  
That	
  the	
  Subway	
  	
  
“Looks	
  Like	
  Skin”	
  

Associated	
  
Body	
  	
  
Region	
  
	
  

Log2	
  Ra5o	
  of	
  (Observed/Expected)	
  

Staphylococcus	
  epidermidis	
  
Staphylococcus	
  aureus	
  
Acinetobacter	
  radioresistens	
  
Propionibacterium	
  acnes	
  



The	
  Bronx	
  is	
  the	
  most	
  diverse!	
  	
  
Brooklyn	
  comes	
  in	
  at	
  #2.	
  



This	
  makes	
  some	
  sense	
  



>600	
  species	
  
ride	
  the	
  	
  
subway	
  	
  
with	
  you!	
  
	
  
Mostly	
  	
  
harmless.	
  
	
  

Pathogenicity	
  	
  
markers	
  
absent.	
  
NY	
  Magazine,	
  November	
  5th,	
  2013	
  



Anthrax-­‐specific	
  fragments	
  found	
  by	
  Kraken,	
  MetaPhlAn,	
  SURPI,	
  BWA.	
  	
  
But	
  scant	
  pXO,	
  no	
  PlcR.	
  

No	
  strong	
  evidence	
  of	
  pathogen.	
  	
  Organism	
  is	
  different	
  from	
  pathogen.	
  

hZp://read-­‐lab-­‐confedera5on.github.io/nyc-­‐subway-­‐anthrax-­‐study/	
  



(4)	
  
	
  ‘molecular	
  
echoes’	
  



Hourly	
  dynamics	
  of	
  a	
  populated	
  kiosk	
  
are	
  far	
  more	
  heterogeneous	
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Some	
  areas	
  are	
  more	
  stable:	
  	
  
Gowanus	
  Canal	
  



blogs.ei.columbia.edu	
  



Apr.	
  22	
  
2015	
  



Gowanus	
  Canal	
  was	
  a	
  methanogen	
  heaven	
  



Hurricane-­‐Flooded,	
  

Staphylococcus	
  aureus	
  Enterococcus	
  faecium	
  

All	
  species	
  
575	
  

52	
  

Specific	
  species	
  
10	
  

Pseudoalteromonas	
  haloplank>s	
  

Species	
  diversity	
  varies	
  	
  
by	
  area	
  of	
  the	
  city	
  



A	
  persistent	
  “molecular	
  echo”	
  of	
  the	
  
cold,	
  ocean	
  water	
  



Shewanella	
  frigidimarina	
  	
  

Frolova,	
  G.	
  M.;	
  Gumerova,	
  P.	
  A.;	
  Romanenko,	
  L.	
  A.;	
  Mikhailov,	
  V.	
  V.	
  (2011).	
  "Characteriza>on	
  of	
  
the	
  lipids	
  of	
  psychrophilic	
  bacteria	
  Shewanella	
  frigidimarina	
  isolated	
  from	
  sea	
  ice	
  of	
  the	
  Sea	
  of	
  
Japan".	
  Microbiology	
  80	
  (1):	
  30–36	
  

An	
  Antarc6c	
  species	
  with	
  the	
  ability	
  to	
  produce	
  eicosapentaenoic	
  acid.	
  It	
  grows	
  anaerobically	
  by	
  
dissimilatory	
  Fe	
  (III)	
  reduc5on.[1]	
  Its	
  cells	
  are	
  mo5le	
  and	
  rod	
  shaped	
  

EPA	
  is	
  obtained	
  in	
  the	
  human	
  diet	
  by	
  ea5ng	
  
oily	
  fish	
  or	
  fish	
  oil,	
  e.g.	
  cod	
  liver,	
  herring,	
  
mackerel,	
  salmon,	
  menhaden	
  and	
  sardines.	
  





Replicated!	
  



The	
  Hygiene	
  Hypothesis	
  

The	
  hygiene	
  hypothesis	
  is	
  a	
  hypothesis	
  that	
  
states	
  that	
  a	
  lack	
  of	
  early	
  childhood	
  exposure	
  to	
  
infec5ous	
  agents,	
  symbio5c	
  microorganisms	
  
(e.g.	
  gut	
  flora	
  or	
  probio5cs),	
  and	
  parasites	
  
increases	
  suscep5bility	
  to	
  allergic	
  diseases	
  by	
  
suppressing	
  the	
  natural	
  development	
  of	
  the	
  
immune	
  system.	
  



	
  "Infants	
  born	
  by	
  cesarean	
  delivery	
  are	
  at	
  increased	
  risk	
  of	
  
asthma,	
  obesity	
  and	
  type	
  1	
  diabetes,	
  whereas	
  breaszeeding	
  is	
  
variably	
  protec5ve	
  against	
  these	
  and	
  other	
  disorders.”	
  
-­‐	
  Rob	
  Knight	
  

hZp://blog.ted.com/how-­‐microbes-­‐could-­‐cure-­‐disease-­‐rob-­‐knight-­‐at-­‐ted2014/	
  



hZp://j-­‐humphries.deviantart.com/art/Forcefield-­‐397075521	
  





Cockroaches	
  are	
  the	
  best	
  for	
  young	
  bodies?	
  



(5)	
  
Other	
  DNA	
  le{	
  

behind?	
  



Metagenomics	
  	
  
=	
  	
  

All	
  kingdoms	
  of	
  life	
  
and	
  their	
  DNA	
  



Unknown&
Organisms&
48.313%'

Bacteria'
46.927%'

Eukaryota'
0.771%'

Ambiguous'
4.184%'

Viruses'
0.032%'

Archaea'
0.003%'

Plasmids'
0.001%'

What	
  else	
  is	
  there?	
  

Afshinnekoo	
  E,	
  Meydan	
  C,	
  et	
  al.,	
  Cell	
  Systems,	
  2015.	
  



BLAST	
  Results	
  





Genotype	
  data	
  can	
  predict	
  your	
  birthplace	
  

Genes mirror geography within Europe 
Novembre et al., 2008 



hZp://www.cnn.com/2013/09/04/tech/innova5on/dna-­‐face-­‐sculptures/	
  
from	
  Heather	
  Dewey-­‐Hagborg’s	
  “Stranger	
  Visions”	
  at	
  Genspace	
  (Brooklyn)	
  



hZp://demographics.coopercenter.org/DotMap/index.html.	
  	
  Image	
  Segmenta5on	
  (BIS)	
  

White&
&

Black&
&

2010$U.S.$Census$Data$

Asian&
&

Hispanic&



White&
&

Black&
&

2010$U.S.$Census$Data$

Asian&
&

Hispanic&

Machine-­‐learning	
  Image	
  Segmenta5on	
  (BIS)	
  	
  



White&
&

Black&
&

2010$U.S.$Census$Data$

Asian&
&

Hispanic&



Human	
  Ancestry	
  Predic5on	
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Predicted	
  Ancestry	
  of	
  DNA	
  le{	
  behind	
  
can	
  Mirror	
  Census	
  Data	
  in	
  “White”	
  areas	
  

Afshinnekoo	
  E,	
  Meydan	
  C,	
  et	
  al.,	
  Cell	
  Systems,	
  2015.	
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Alleles	
  appear	
  more	
  Hispanic	
  and	
  more	
  
Asian	
  in	
  downtown	
  ManhaZan	
  

Collec>on	
  Site	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  P00951 	
   	
  	
  	
  	
  	
  Demographic	
  data 	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  Ancestry	
  Predic>on	
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Chinatown	
  

Afshinnekoo	
  E,	
  Meydan	
  C,	
  et	
  al.,	
  Cell	
  Systems,	
  2015.	
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North	
  Harlem	
  and	
  Washington	
  Heights	
  
show	
  more	
  Yoruban	
  alleles	
  and	
  	
  

Puerto	
  Rican	
  alleles	
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We	
  can	
  detect	
  humans’	
  “molecular	
  echo”	
  

Afshinnekoo	
  E,	
  Meydan	
  C,	
  et	
  al.,	
  Cell	
  Systems,	
  2015.	
  





You	
  can	
  choose	
  what	
  DNA	
  to	
  leave	
  behind	
  





(6)	
  
	
  

Next	
  Steps	
  



Should I ride the 
subway? 



“Yes!”	
  With	
  Ice	
  
Cream	
  









Washington	
  	
  
D.C.	
  



Global	
  	
  
Context	
  



Global	
  City	
  Sampling	
  Day	
  (CSD)	
  slated	
  for	
  June	
  21,	
  2016	
  



Site Status City Country Gov't		Status
Total	#	
Stations

Transit	System	
Length	(km)

Riders	/	year	
(billions)

Population	(people) Department University	/	Institute Contact	PI

1 Ongoing Beijing China Pending 318 527 3.387 21,150,000 Beijing	Children's	Hospital Capital	Medical	University Yongli	Guo	/	Yiming

2 Planned Seoul South	Korea Approved 377 464 2.563 10,117,909 Microbiology 	Institut	Pasteur	Korea Soojin	Jang

3 Ongoing Shanghai China Approved 337 548 2.519 24,150,000 Personalized	Genomics	 Fudan	University Leming	Shi

4 Planned Moscow Russia Started 196 328 2.491 11,503,501 Genomics
Institute	for	Physical)Chemical	

Medicine,
Dmitry	Alexeev

5 Ongoing Tokyo Japan Approved 295 316 2.351 13,185,502 Computational	Biology	
Research	Ctr.

National	Institute	of	Advanced	
Science

Haruo	Suzuki

6 Ongoing Guangzhou China Pending 130 240 2.280 12,700,800 Systems	Biology Sun	Yat-sen	University Zhi	Xie

7 Ongoing New	York	City USA Pending 468 436 1.708 8,405,837 Physiology	and	Biophysics Weill	Cornell	Medical	College Christopher	Mason

8 Ongoing Mexico	City	 Mexico Pending 195 227 1.685 8,851,080 National	Institute	of	Public	
Health

IANPHI	Mexico	Secretariat Celia	M.	Alpuche	Aranda	/	Jesus	Martinez

9 Ongoing Hong	Kong China Pending 87 175 1.618 7,219,700 Computer	Science	and	
Engineering

City	University Patrick	Lee

10 Ongoing Paris France Pending 303 214 1.527 2,273,305 Analytical	Genomics
University	Pierre	et	Marie	

Curie
Hugues	Richard	/	Ingrid	Lafontaine

11 Ongoing Barcelona Spain Approved 131 178 1.036 4,576,394 Genomic	and	Epigenomic	
Variation

Centre	for	Genomic	Regulation Stephan	Ossowski	/	Daniela	Bezdan

12 Planned Singapore Singapore Pending 113 153 0.922 5,399,343 Biochemistry	and	Molecular	
Biology

Pennsylvania	State	University Stephan	Schuster

13 Ongoing São	Paulo Brasil Approved 65 75 0.921 11,895,893 Genetics	and	Bioinformatics University	of	Sao	Paolo Houtan	Noushmehr	/	Emmanuel	Dias-Neto

14 Planned New	Delhi India Pending 142 194 0.799 11,000,000 Computational	Biology Memorial	Sloan	Kettering Sikander	Hyat

15 Planned Rome Italy Pending 74 60 0.279 2,627,000 Molecular	Biology	Section	 University	of	Rome	Sapienza Romano	Florigio	Lista	/	Anna	Anselmo

16 Ongoing Boston USA Approved 51 61 0.166 4,180,000 Biostatistics
Harvard	School	of	Public	

Health
Curtis	Huttenhower

17 Planned Oslo Norway Approved 97 86 0.083 1,502,604 Protection	and	Societal	
Security	Division

Protection	and	Societal	
Security	Division

Marius	Dybwad

18 Ongoing Sydney Australia Approved 7 15 0.031 4,576,394 Computational	
Metagenomics

University	of	Technology Aaron	Darling	/Catherine	Burke

19 Planned Bogota Colombia Pending 144 87 0.022 6,763,000 Metagenomics Corpogen Carlos	Ruiz	/	Maria	Zambrano

20 Planned Sheffield UK Pending 48 29 0.011 577,050 Department	of	Animal	&	Plant	Sciences
University	of	Sheffield Eran	Elhaik

21 Planned Auckland New	Zealand Pending 42 120 0.011 1,377,000 Environmental	Research	
Institute

Univeristy	of	Waikato Christopher	Dada

22 Planned Lisbon Portugal Approved 55 43 0.004 530,847 Population	Genetics IPATIMUP Manuela	Oliveira

City	Details Site	Principal	Investigator

www.metasub.org	
  



hZp://www.metasub.org/interac5ve-­‐map.html	
  

Global	
  Swab	
  Metagenome	
  Fes5val	
  





The	
  Olympiome	
  –	
  Rio	
  2016	
  
Before,	
  During,	
  and	
  A{er	
  



Extreme	
  
Context	
  



hZp:/www.extrememicrobiome.org	
  

Extreme	
  Microbiomes	
  for	
  	
  
New	
  Biology	
  and	
  Drug	
  Discovery	
  





Biosynthe5c	
  Gene	
  Clusters	
  show	
  new	
  
drugs	
  right	
  under	
  our	
  finger5ps	
  

South	
  Ferry	
  sta6on	
  



PAB03	
  
Metal	
  payphone	
  

PAB07	
  
Plas6c	
  sign	
  

PAB09	
  
Metal	
  stairway	
  rail	
  

PAB03	
  

1	
  kb	
  
PAB07	
  

PAB09	
  

Mohamed	
  Donia	
  



	
  
(7)	
  	
  

Precision	
  
Metagenomics	
  



Evidence	
  of	
  live	
  &	
  an5bio5c	
  resistant	
  
bacteria	
  



Metagenomics	
  reveals	
  the	
  likely	
  source	
  of	
  
Tetracycline	
  resistance	
  (TetK)	
  on	
  both	
  media	
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An5bio5c	
  resistance	
  genes	
  



Examine	
  hospital	
  se|ngs	
  –	
  at	
  Chicago	
  
(Jack	
  Gilbert)	
  and	
  now	
  at	
  WCMC	
  



What	
  if	
  wasn’t	
  the	
  hospital	
  that	
  
carried	
  the	
  infec5on?	
  

•  Currently	
  conduc5ng	
  pilot	
  study	
  in	
  
ambulances	
  across	
  the	
  US.	
  

•  Building	
  HAI/AAI	
  genomic	
  database	
  and	
  
backend.	
  

•  Developing	
  new	
  data	
  	
  
	
  analysis	
  pipelines.	
  



Current	
  Ambulance	
  Pilot	
  Study	
  
•  1407	
  samples	
  collected	
  from	
  ambulances	
  
across	
  the	
  US.	
  

•  137	
  ambulances,	
  in	
  20	
  ci5es,	
  6	
  states	
  and	
  5	
  
regions.	
  
	
  



	
  
(8)	
  

Designer	
  and	
  
Borrowed	
  

Metagenomics	
  



Understanding	
  	
  
of	
  biology	
  	
  

is	
  measured	
  by	
  	
  
the	
  ability	
  to	
  engineer	
  it	
  	
  
and	
  predict	
  the	
  outcome.	
  



How	
  to	
  Grow	
  Almost	
  Anything,	
  HTGAA,	
  
including	
  synthe5c	
  genomes	
  and	
  your	
  

modified	
  microbiome	
  

hZp://bio.academany.org/labs/new_york	
  



blogs.ei.columbia.edu	
  





hZp://science.nasa.gov/science-­‐news/science-­‐at-­‐nasa/2007/11may_locad3/	
  







Par5cipatory	
  Medicine	
  with	
  Twin	
  
Astronauts	
  



Longitudinal,	
  Integra5ve	
  Systems	
  Biology	
  





Sco]	
  Kelly	
  –	
  ISS	
  for	
  one	
  year	
  

Mark	
  Kelly	
  –	
  Earth	
  control	
  

Telomere	
  Length	
  
	
  

DNA	
  Muta5ons	
  &	
  Structural	
  Varia5on	
  

DNA	
  Hydroxy-­‐methyla5on	
  

Chroma5n	
  

RNA	
  expression	
  
&	
  RNA	
  Methyla5on	
  
(large	
  and	
  small)	
  

Proteomics	
  

An5body	
  Titers	
  

Cytokines	
  
	
  

DNA	
  Methyla5on	
  

B-­‐cells	
  /	
  T-­‐cells	
  
	
  

Targeted	
  and	
  Global	
  Metabolomics	
  Microbiome	
  
	
  

Cogni5on	
  
	
  

Vasculature	
  
	
  



	
  
	
  
	
  

Flight	
  Subject	
  

Sample	
  collec6ons	
  for	
  the	
  NASA	
  Twins	
  Study	
  (2014-­‐2016)	
  

Ambient	
  returns	
   	
   	
  Frozen	
  samples	
   	
   	
  Fresh	
  samples	
   	
   	
  	
  

Today	
  

f6	
  f1	
   f3	
  

Vaccina6on	
   Launch	
  

f4	
   f7	
   f8	
   f9	
  f2	
   f5	
   f10	
   f13	
  f11	
   f12	
   f14	
  

Return	
  

f17	
  f15	
   f16	
   f19	
  f18	
  

Pre-­‐flight	
  
(6	
  months)	
  

Post-­‐flight	
  
(6	
  months)	
  

Flight	
  on	
  Interna5onal	
  Space	
  Sta5on	
  
(12	
  months)	
  

Vaccina6on	
   Vaccina6on	
  

Post	
  vaccine	
  

Today	
  



Protocol	
  Planning	
  

NASA	
  asks,	
  	
  
“What’s	
  your	
  terrestrial	
  protocol?”	
  



Two Options:
1.	
  	
  Bring	
  Samples	
  Back	
  

– Frozen	
  
– Ambient	
  
	
  

2.  Sequence	
  in	
  Space	
  
	
  	
  



hZp://www.youtube.com/watch?v=0ODYdyLy9Tg	
  





hZp://www.youtube.com/watch?v=VmhEtPN5u9Y	
  

Astronaut	
  	
  
Koichi	
  Wakata	
  







RNA	
  &	
  
DNA	
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Spin	
  

CD4	
  labeling	
  
&	
  posi>ve	
  
selec>on	
  

SU	
  &	
  others	
  

CD8	
  labeling	
  
&	
  posi>ve	
  
selec>on	
  

CD19	
  labeling	
  &	
  
posi>ve	
  selec>on	
  

JHU	
  

Cells:	
  	
  
ChIP	
  &	
  DNA	
  

Cell	
  
lysates	
  

Cells:	
  	
  
ChIP	
  &	
  DNA	
  

Cells:	
  	
  
ChIP	
  &	
  DNA	
  

CyTOF	
  (an5bodies)	
  
Luminex	
  (cytokines)	
  
	
  

Unlabeled	
  
Cells	
  

WCMC	
  

NASA	
  
Viable	
  
freezing	
  

Freeze	
  
&	
  

Store	
  

Weill	
  Cornell	
  Medical	
  College	
  =	
  WCMC	
  
Johns	
  Hopkins	
  University	
  =	
  JHU	
  
Stanford	
  University	
  =	
  SU	
  
	
  
*	
  =	
  100,000	
  PBMC	
  pellet	
  once	
  to	
  SU	
  on	
  
10/16/14	
  

RNA	
  &	
  
DNA	
  	
  

Cell	
  
lysates	
  

Cell	
  
lysates	
  

SU	
  for	
  
WGS	
  

RNA	
  &	
  
DNA	
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SU	
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  others	
  

JHU	
  

RNA	
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WCMC	
  

SU	
  &	
  others	
  

JHU	
  

*	
  

?	
  Recover	
  
granulocytes	
  



Only	
  36	
  hours	
  prior	
  –	
  in	
  space!	
  

Plasma	
  

PBMCs	
  

Ficoll	
  
plug	
  



We	
  can	
  already	
  see	
  differences	
  in	
  
the	
  twins	
  

•  A	
  shif	
  in	
  community	
  structure	
  was	
  observed	
  between	
  6me	
  points	
  one	
  and	
  two	
  in	
  
both	
  individuals.	
  

Samples 
TW_Swab_1 

HR_Swab_1 

TW_Swab_2 

HR_Swab_2 

HR_Stool_1 
HR_Stool_2 

TW_Stool_1 
TW_Stool_2 

Individual	
  differences	
  

Swab/	
  
Stool	
  

Sampling	
  
6me	
  	
  

Sampling	
  
6me	
  	
  

Swab/	
  
Stool	
  

Fred	
  Turek	
  



Two Options:
1.	
  	
  Bring	
  Samples	
  Back	
  

– Frozen	
  
– Ambient	
  
	
  

2.  Sequence	
  in	
  Space	
  
	
  MinION	
  sequencer	
  (v5	
  
	
  chemistry)	
  



Launch	
  planned	
  for	
  June	
  2016	
  	
  





Meyer	
  et	
  al.,	
  Cell,	
  2012	
   	
  	
  	
  |	
  	
  	
  	
  Saletore	
  et	
  al.,	
  Genome	
  Biology,	
  2012	
  	
  	
  	
  |	
  	
  	
  	
  McIntyre	
  et	
  al.,	
  2015	
  



Zero-­‐G	
  Pipe|ng:	
  
Hardest	
  Lab	
  Job	
  Ever	
  

Dr.	
  Andrew	
  Feinberg	
  







hZps://spacegene5cs.hms.harvard.edu/	
  



hZps://www.nasa.gov/content/nasas-­‐journey-­‐to-­‐mars	
  

1 	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  2	
  



Conclusions	
  

•  The	
  subway	
  is	
  safe	
  
•  Forensics	
  applies	
  across	
  all	
  kingdoms	
  of	
  life	
  
•  Mul5-­‐disciplinary	
  science	
  is	
  fantas5c	
  
•  Space	
  is	
  Hard	
  
•  First	
  demonstra5on	
  of	
  zero-­‐gravity	
  
sequencing	
  
– Some	
  op5miza5on	
  of	
  the	
  current	
  and	
  input	
  is	
  
needed,	
  but	
  indeed	
  we	
  could	
  poten5ally	
  sequence	
  
on	
  Mars	
  or	
  the	
  ISS	
  



These People are Awesome @mason_lab	
  





Thanks	
  to	
  the	
  Swabbing	
  Teams!	
  www.pathomap.org/people/	
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