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Microbes run the world! 

There are as many microbial 

cells in our body as human cells 

 

There are more genes  

in those microbes than human genes 
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The “dysbiosis hypothesis” is central to our thinking about 

the role of the microbiome in human health 

Fodor & Talley. Gastroenterology. 2011 



What happens to the microbiome when you 

change diet? 

Baseline 10d Depletion up to 42d Repletion 10d 

V V V V V V 
B1 B2 D1 D2 R1 R2 

550 mg/ 60 kg 

body weight 
0 mg 

850 mg/ 60 kg 

body weight 

In-patient In-patient In-patient 

At each timepoint, a fecal sample was collected  

and microbial DNA was isolated and characterized 

Spencer et al, Association between composition of the human gastrointestinal microbiome and development of fatty liver with choline deficiency,2011 



Subjects were exposed to a rigorously 

controlled diet… 



       Cluster into 7,514 Operational Taxonomic Units (OTUs) 

      in each of which all sequences are at least 97% identical 

15 Patients 

74 DNA samples isolated from fecal samples 

Run on ½ of a 454-FLX LR70 plate using a “barcode” strategy 

213,375  16S rRNA sequences.   

Average read length=264 bp. 

( around $0.03 per sequence) 

199,186 “usable” sequences  

(Exactly match 5’-primer; length >200 bp) 

Spencer et al, Association between composition of the human gastrointestinal microbiome and development of fatty liver with choline deficiency,2011 



How easy it to change a microbiome? 

The gut microbiome is individual, stable over time and surprisingly 

resistant to short-term changes in diet… 

 

Spencer et al, Association between composition of the human gastrointestinal microbiome and development of fatty liver with choline deficiency,2011 



The gut microbiome is individual, stable over time and 

surprisingly resistant to short-term changes in diet… 

Wu et.al - Linking Long-Term Dietary Patterns with Gut Microbial Enterotypes, 2011 



The microbiome of vegans is pretty similar 

to omnivores… 



“We conclude that most variation in the human microbiome 

is not well explained by … phenotypic metadata” 

Power estimates suggests > 1600 subjects needed to power BMI study… 
Falony et al. Population-level analysis of gut microbiome variation -Science  29 Apr 2016  



Refined “dysbiosis hypothesis” (2016) 

There are many, many 

alternative, healthy 

microbiome 

configurations; 

 

Healthy variation is not 

driven by the 

microbiome 

 

Your individual 

microbiome is not so 

easy to change (at least 

with diet) 

There are fewer 

dysbiotic states ; 

 

Disease states can be  

driven by the 

microbiome 

Opposite of Anna Karenina  

Fodor & Talley. Gastroenterology.  2011 



An Example of Dysbiosis  
Defined by One Pathogen 



Il10-\- Mouse Model 

http://en.wikipedia.org/wiki/Interleukin_10 

Il10 is an anti-inflammatory cytokine.  

• Inhibits pro inflammatory cytokines 

• Acts as an immunoregulator in the GI tract.  

• Il10-\-  mice are prone to inflammation with 

commensal tolerated by WT mice. 

• Established model for investigating 

disease phenotypes associated with 

inflammation  

Il10-\- 

Lamblin, C., et al.,The Journal of allergy and clinical immunology, 2001. 

Knoch, B., et al.,Microbiology-Sgm, 2010 



Some bugs, but not others, can cause 

inflammation to progress to cancer… 

Arthur et al, Science, 2012 



How does the microbiome change over time in WT and inflamed animals? 

6 WT cages 

• 24 mice 

5 Il10-\- cages 

• 17 mice 

Illumina 16 V6 paired end sequencing of fecal samples. 

• Collected at 2, 12 and 20 weeks. 

• 2x coverage by merging reads. 

Bray-Curtis distances  

PcOA (Mothur) 

Mapped via blast to Silva database 

Taxonomy assignment (RDP) 

Clustered into OTUs 

Arthur et al; Nature Communications; 2014 



Time and inflammation are essential elements in 

structuring the microbial community 

Arthur et al; Nature Communications; 2014 



Inflammation interferes with normal 

succession… 

Arthur et al; Nature Communications; 2014 



E. coli is selected against over time, but is 

always higher in inflamed animals 

Arthur et al; Nature Communications; 2014 



Proteobacteria selected against over time can be seen in human samples as well 



Inflammation interfering with normal succession is 

an emergent theme in the literature.. 



Does Westernization  

promote dysbiosis? 



Neighboring regions in Hunan province have 

very different characteristics 

Kathryn Winglee, Annie Green Howard, Penny Gordon-Larsen, manuscript in preparation 



To the list of differences, we can add 

differences in the microbiotia 

Kathryn Winglee, Annie Green Howard, Penny Gordon-Larsen, manuscript in preparation 



Among the bacteria that are higher in urban 

China is genus Escherichia 



Whole-genome sequencing suggests there are areas of the tree of life 

that are associated with urbanization that we will not capture with 16S 

rRNA sequencing 
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Archaea 

P = 0.009 P = 0.02 

rural                   urban 



Genes associated with antibiotic resistance 

are significantly associated with urbanization 

rural                         urban 

Proportion of 

reads mapped 

to cards database 



A rat model suggests the presence of sugar in the juvenile 

diet can have profound results on the microbiota 

E.E. Noble, T.M. Hsu, R.B. Jones, A.A. Fodor, M.I. Goran and S.E. Kanoski. Early life sugar consumption affects the  
microbiome in rodents independent of obesity. (Submitted) 



Conclusions 

Adults have a distinct and reasonably stable gut microbiota 

 

Metagenome-wide association studies in healthy subjects often have  

very small effect sizes suggesting microbial variation is not a primary driver 

of healthy variation 

 

There are many different combinations of gut bacteria that are associated with health 

 

Across a range of experimental systems, dysbiosis is associated with lower 

diversity but increased Proteobacteria/E.Coli 

 

Establishing causality is a major frontier. 

Does dysbiosis drive pathogenesis or pathogenesis drive dysbiosis? 

Or is there a positive feedback loop between dysbiosis and pathogenesis? 

 



What will microbiology look like when we 

can carry around whole-genome microbiome 

samplers in our hand? 

 

Will there be an iPhone sequencing app? 

 

If you can sequence them in real time, 

microbes are no longer invisible… 

 

We are only beginning to define dysbiosis 

Computer then and now… 

http://en.wikipedia.org/wiki/Moore's_law 
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