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Main topics of today’s talk 
 
 NIH Human Microbiome Project 
 
 What characterizes the human microbiome? 

•  Universal properties 
•  Personalized properties 
 

 Lessons learned from the HMP 
 
 NIH research investments in human microbiome 

•  Current 
•  Future  



 Demonstration Projects 

Skin: eczema, psoriasis 
 

GI: Crohn’s disease, 
esophageal 
adenocarcinoma, neonatal 
necroticizing enterocolitis, 
pediatric IBD, ulcerative 
colitis 
 

Urogenital: bacterial 
vaginosis, circumcision, 
sexual histories 

Healthy cohort study 

Clinically healthy 
 

300 male/female 
 

18-40 y.o. 
 

18 body sites 
 

Up to 3 visits in 2 yrs 
 

16S rRNA, WGS 
metagenomes 

 

Community resource 
 

Repositories: 
• sequence data 

• microbiome 
• human 

• strains 
• clinical/phenotype data 
• nucleic acid extracts 
• cell lines  

6 Initiatives in HMP 
 
Interact through DACC 
and 200+ member 
consortium 
 
www.hmpdacc.org 

NIH Common Fund Human Microbiome Project 
http://commonfund.nih.gov/hmp/ 



www.hmpdacc.org  
Best place to start for exploring HMP data, tools and 
protocols: 

Go to “Get Data” 
to get started 

http://www.hmpdacc.org/


Start here: Tour 
guide to HMP data 

And don’t forget 
the Demonstration 
Project data 

And all the data from 
the healthy cohort 
study 

Here are the 
reference genome 
data 

Also tools & 
protocols 

And much 
more…. 



Universal properties of the microbiome 



Microbiota acquired anew each generation. 
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1) Infants obtain inoculum from 
mother or environment. 
 

2) Microbial succession over 
~1-2 yrs. 
 

3) Microbiome  becomes 
“adult-like” in ~1-2 yrs. 
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Elderly (> 65 y.o.) have distinct microbiota: 
  Increase in Bacteroidetes, decrease in Firmicutes 
  More diversity  
  More overall instability in composition 

Claesson et al. (2010). (ELDERMET project) 

The gut microbiome changes over a lifetime. 

                        Phylum             Genus      Clostridium cluster 

Elderly 

Mid-age 
Adults 



Presence of a “core” microbiome? 

                   
            Yes at Phylum level, and even down to Genus level              
   



Arumugam et al. (2011) 

Grouping of microbiome (enterotypes)? 

But apparently enterotypes not always a constant property,  
ex. HMP healthy cohort study, Wu et al. (2011) 



Personalized properties of the microbiome 
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Abundance of a bacterial species/strain can vary > 1000-fold between individuals. 
(Also unique metabolic properties contributed by each species/strain) 

Diversity at species, strain level is host-specific. 



Role of host genetics and microbiome? 

Almost unknown; these candidate genes have been postulated. 

Spor et al. (2011) 

Gene Role of protein Putative effect on microbiome 

MEFV Proposed cytoskeletal/inflammation 
factor 

Gene mutations affects microbiome composition 

APOA1 Main HDL protein Gene absence affects microbiome composition 

MYD88 Signaling molecule for bacterial products 
in innate immunity 

Equivocal results: One study showed gene 
absence affects microbiome composition; 
another study showed no apparent effect. 

NOD2 Pattern recognition receptor for 
peptidogylcans 

Gene absence affects microbiome composition 

Defensin 
genes 

Host antimicrobial peptides Gene absence affects microbiome composition 

RELMB Cytokine for innate immunity; regulates 
antimicrobial peptide (REGIIIγ) 

Gene absence affects microbiome composition 

IgA locus Antibodies in mucosal immunity Gene absence affects microbiome composition 

HLA 
genes 

Major histocompatibility complex (cell 
surface antigen-presenting proteins) 

Gene variation affects microbiome composition 



Human virome: phage, eukaryotic viruses 
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Virome more 
diverse in 
human 
microbiome 
than other 
microbiomes. 

Role of virome in human microbiome almost completely unknown. 



Lessons learned from the HMP  



1)    Not clear how to define a healthy microbiome. 
“Core” microbiome is not a fixed property. 
 

Pathogens are present in healthy microbiome.  
 

Role of host genetics? 
 

2) Analysis of functional properties of microbiomes needed. 
 5,200,000 nonredundant ORFs (HMP) vs 3,300,000 (MetaHIT) 
 

 Majority (~80-90%) of annotated genes in HMP microbiomes could not 
 be assigned a function. 
 

 Majority (~75-85%) of predicted proteins in HMP microbiomes could not 
 be functionally characterized. 
 

3) Robust bioinformatics environments/computational tools needed. 
 Need infrastructure/tools which can operate on terabases/petabases of 
 microbiome data. 
 

 Need infrastructure/tools for diverse data types (DNA, RNA, protein, 
 small molecules). 
 

4) HMP needed better training/outreach to the larger community. 



Research investments in 
human microbiome science 
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* * 
* Research core/DCC/center & equipment so not all related to microbiome.  

Sum: $119M  
Adjusted: ~$105M * 
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Microbiome 2 Initiative? 

Planning Activities 
 
Extramural community input (April-October, 2011): 
 
  NIH Common Fund Innovation Brainstorm 
 
  NIH Common Fund Social Media Public Comment Site 
 
  NHGRI Informal Brainstorm Meeting 
 
 
Ongoing, internal NIH discussions (2010-2011) 
  



Community recommendations 
Scientific questions: 
 What are the mother-child-environment and microbiome interactions?  
 What are the universal drivers in microbe-microbe interactions? 
 What are the universal drivers in host-microbe interactions? 
 What are the local vs systemic roles of the microbiome in health? In disease? 
 

Needed resources: 
 Bioinformatics/computational tools, especially for community-level 

analyses. 
 Flexible, user-friendly infrastructure for all microbiome data, microbial and 

host  – linked to analytical, visualization tools. 
 New and high throughput technologies to assay microbiome activities, 

host/microbe interactions. 
 Large cohorts (ex. birth, elderly, nonEuropean, animal models). 
 Training/outreach for tools, techniques for the larger community. 



Questions? 
 
 
 
 
 
 
 

lita.proctor@nih.gov 
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