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on	
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  of	
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Human	
  Microbiome	
  Project	
  (HMP)	
  Mission	
  

Characterize	
  the	
  microbes	
  and	
  microbial	
  
communi8es	
  that	
  inhabit	
  the	
  human	
  body	
  	
  

Examine	
  whether	
  changes	
  in	
  the	
  microbiome	
  
are	
  related	
  to	
  health	
  and	
  disease.	
  

hBp://nihroadmap.nih.gov/hmp/	
  
hBp://hmpdacc.org/	
  



300 ‘Healthy’ People/	


15(18) Body Sites	



12,000 samples collected over 2 years	



Four Sequencing 
Centers	



Evolving 
Technologies	



Sanger	


30cm	


50cm	



454	


FLX	



Titanium	



illumina	


GAII	


HiSeq	



The HMP reference collection	





Data	
  I.	
  PaBern	
  finding	
  with	
  16S	
  rDNA	
  profiles	
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747	
  total	
  samples	
  

Data	
  II.	
  Gene	
  finding	
  with	
  whole	
  genome	
  shotgun	
  	
  	
  

8049	
  Gb	
  Total	
  
4649	
  Gb	
  Microbial	
  



“Who’s	
  got	
  the	
  teeth?”	
  
	
  ~	
  Rob	
  Knight	
  (U.	
  of	
  Colorado)	
  referring	
  to	
  making	
  sense	
  of	
  

16S	
  rDNA	
  community	
  profiles	
  

“Everything	
  is	
  hi[ng	
  GUT	
  microbes.”	
  
~	
  Makedonka	
  Mitreva	
  (WashU)	
  referring	
  to	
  making	
  sense	
  of	
  

WGS	
  data	
  collected	
  from	
  a	
  non-­‐gut	
  sample	
  	
  

Data	
  III.	
  Inference	
  finding	
  with	
  reference	
  genomes	
  

Goal:	
  Sequence	
  900	
  ‘reference’	
  
bacterial	
  strains	
  isolated	
  from	
  the	
  

human	
  body	
  



Science	
  (2010)	
  328:994-­‐999	
  

Gastrointes8nal	
  Tract	
  
Oral	
  Cavity	
  
Urogenital/Vaginal	
  Tract	
  
Skin	
  
Respiratory	
  Tract	
  

550,000	
  predicted	
  polypep5des	
  
30,000	
  novel	
  

178	
  bacterial	
  genomes	
  

2	
  domains	
  	
  
9	
  phyla	
  

18	
  classes	
  	
  
24	
  orders	
  



JJ	
  Qin	
  et	
  al.	
  Nature	
  464,	
  59-­‐65	
  (2010)	
  doi:10.1038/nature08821	
  

HMP	
  reference	
  genomes	
  at	
  work!	
  

Rela5ve	
  abundance	
  of	
  57	
  frequent	
  
microbial	
  genomes	
  among	
  individuals	
  of	
  
the	
  cohort.	
  



Determine	
  frac8on	
  of	
  16.8	
  M	
  WGS	
  454	
  reads	
  from	
  Jumpstart	
  samples	
  that	
  are	
  ‘recruited’	
  
by	
  genomes	
  in	
  NCBI	
  

41% 

26% 

Fraction recruited to  
HMP genomes 

Fraction recruited  to  
non- HMP genomes 

Fraction not recruited 

33% 

HMP	
  reference	
  genomes	
  at	
  work	
  

Current	
  goal:	
  Sequence	
  3,000	
  
‘reference’	
  bacterial	
  strains	
  isolated	
  

from	
  the	
  human	
  body	
  



Who’s	
  next?	
  

1)  unknown	
  species,	
  novel	
  phylogenic	
  posi8on;	
  	
  

2)	
  	
  	
  strains	
  implicated	
  in	
  a	
  disease	
  process;	
  

3)	
  	
  	
  previously	
  known	
  species,	
  not	
  yet	
  sequenced;	
  

4)  known	
  species,	
  with	
  previous	
  genomes	
  sequenced,	
  but	
  showing	
  
high	
  sequence	
  diversity	
  and/or	
  significant	
  varia8on	
  in	
  
phenotypic	
  profiles.	
  

5)  species	
  found	
  in	
  high	
  abundance	
  

6)  species	
  that	
  occupy	
  more	
  than	
  one	
  body	
  site	
  



Let	
  the	
  16S	
  rDNA	
  profiles	
  be	
  our	
  guide	
  



• Body sites have distinct microbiomes 

•  Significant person-person variation observed 

•  Body sub-sites also exhibit distinct microbiomes 

16S	
  rDNA	
  profiles	
  from	
  1st	
  18	
  subjects	
  

18	
  healthy	
  human	
  subjects	
  
15	
  (18)	
  body	
  sites	
  reduced	
  to	
  5	
  main	
  body	
  sites	
  

Genera	
  with	
  no	
  sequenced	
  reference	
  



What	
  about	
  diversity	
  beyond	
  the	
  level	
  of	
  the	
  genus?	
  



GUT 
ORAL 
VAGINA 
NARES 
SKIN 
SEQUENCED GENOMES 

123	
  “Species”	
  	
  
(3%	
  OTU)	
  

How	
  diverse	
  are	
  these	
  Prevotella?	
  

6,000	
  sequences	
  



16S	
  sequences	
  from	
  
Tom’s	
  gut	
  isolate	
  

collec8on!	
  

The	
  community	
  makes	
  this	
  work	
  

Tom	
  Schmidt,	
  Michigan	
  State	
  



http://nihroadmap.nih.gov/hmp/ 

nasal	
  (airways)	
   oral	
  

skin	
  

gastrointes8nal	
  

urogenital	
  

The	
  community	
  is	
  cri8cal	
  
Mike	
  SureBe	
  
U	
  of	
  Calgary	
  

Nathan	
  Weyland,	
  Maggie	
  So	
  
Kimberlee Musser	
  

Jacques	
  Izard	
  
Floyd	
  Dewhirst	
  
Forsyth	
  Ins8tute	
  
Slava	
  Epstein	
  
Northeastern	
  

Mogens Kilian 
Sue Haake	
  

Anton	
  Peleg,	
  Mass	
  General	
  
Blaser 

Huiying Li 
Sheldon Kaplan 

Emma	
  Allen-­‐Vercoe,	
  U	
  of	
  Guelph	
  
Tom	
  Schmidt,	
  U	
  of	
  Michigan	
  
Delphine	
  Saulnier,	
  Baylor	
  	
  

Barbara	
  Murray,	
  Cesar	
  Arias	
  
Cherie	
  Ziemer	
  
Edgar	
  Boedeker	
  
Glenn	
  Songer	
  
Harry	
  Flint	
  

Masami	
  Morotomi	
  

Qiang	
  Xu,	
  Osel	
  Inc.	
  
Mario	
  VaneechouBe,	
  	
  

U	
  of	
  Ghent	
  
Sharon Hillier	
  

YOU??	
  
hWp://www.hmpdacc.org/outreach_feedback.php	
  



Gastrointes8nal	
  Tract	
  
Oral	
  Cavity	
  
Urogenital/Vaginal	
  Tract	
  
Skin	
  
Respiratory	
  Tract	
  

178	
  bacterial	
  genomes	
   1419	
  bacterial	
  genomes	
  

THEN	
   NOW	
  

Rapid	
  progress	
  

What	
  else?	
  



Escherichia	
  coli	
  and	
  the	
  pan-­‐genome	
  

MG1655 (K-12) CFT073 

EDL933 

39% 
shared 

8%  21%  

18%  

Welch, R. A. et al. (2002) PNAS 99:17020-17024 

uropathogenic non-pathogenic 

enterohaemorraghic 



Enterococcus	
  faecalis	
   Staphylococcus	
  aureus	
  

Assessing	
  the	
  value	
  of	
  more	
  genomes	
  



What	
  about	
  the	
  ‘unculturables’?	
  



Pipeline for obtaining reference genomes  
from uncultivated microbes for the HMP  

Prioritized list of candidate microbes 
based on 16S rRNA gene sequences 

Obtain human  
clinical specimens  

Develop 16S rRNA FISH probes  
for isolating candidate cells 

 Pre-process specimens  
to enrich bacterial cells 

Random flow sorting of cells FISH based isolation  
by micromanipulation 

Amplify DNA from  
single cells by MDA  

Annotate MDA product by PCR 
of 16S rRNA gene  

quality control assays: 
PicoGreen 
Agarose gel 

Submit amplified DNA  
to the BEI  

Roger Lasken, JCVI 



HMP	
  Technology	
  Development	
  Ini8a8ve	
  
PI Name Institution Title 

ALLEN-VERCOE, 
EMMA   

UNIVERSITY OF 
GUELPH   

FACS-MABE: a method to sort and enrich the as-yet uncultured bacterial 
species from the human distal gut 

BRADBURY, 
ANDREW & HAN, 
CLIFF 

LOS ALAMOS NAT 
SECTY-LOS ALAMOS 
NAT LAB  

Species-by-Species Dissection of Microbiomes using Phage Display and Flow 
Sorting 

DAVIS, RONALD 
WAYNE  

STANFORD 
UNIVERSITY  Isolation, selection, and polony amplification of single cells in a gel matrix 

DOKTYCZ, 
MITCHEL   

UT-BATTELLE, LLC-
OAK RIDGE 
NATIONAL LAB   

Functional Sorting of Microbial Cells From Complex Microbiota 
FREDRICKS, 
DAVID NEAL   

FRED HUTCHINSON 
CANCER RESEARCH 
CENTER   

Novel cultivation methods for the domestication of vaginal bacteria 
ISMAGILOV, 
RUSTEM F  

UNIVERSITY OF 
CHICAGO  Confining single cells to enhance and target cultivation of human microbiome 

LEWIS, KIM  NORTHEASTERN 
UNIVERSITY  Culturing uncultivatable gut microorganisms 

NELSON, JOHN  
GENERAL ELECTRIC 
GLOBAL RESEARCH 
CTR  

Tools for human microbiome studies 

PODAR, MIRCEA  
UT-BATTELLE, LLC-
OAK RIDGE 
NATIONAL LAB  

Targeted genomic characterization of uncultured bacteria from the human 
microbiota 

RELMAN, DAVID A  STANFORD 
UNIVERSITY  Optimization of a microfluidic device for single bacterial cell genomics 

SCHMIDT, 
THOMAS 
MITCHELL & 
YOUNG, VINCENT 

MICHIGAN STATE 
UNIVERSITY  Cultivation and Characterization of Microaerobes from the Human Microbiome 

SINGH, ANUP K  
SANDIA CORP-
SANDIA NATIONAL 
LABORATORIES  

FISH 'N' Chips: A Microfluidic Processor for Isolating and Analyzing Microbes 
WORTHEN G. 
SCOTT  

CHILDREN'S 
HOSPITAL OF 
PHILADELPHIA  

Multi-Dimensional Separation of Bacteria 

ZHANG, KUN & 
LO, YU-HWA 

UNIVERSITY OF 
CALIFORNIA SAN 
DIEGO  

An Integrated lab-on-chip system for genome sequencing of single microbial 
cells 



100	
  most	
  wanted	
  ‘uncultured’	
  bacteria!	
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