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Earth is a microbial
planet…

…there are 100 million times as many bacteria on Earth 
    as stars in the universe. 
 
    Microbiology is the ultimate Big Data science!





Initiated by Dept. of 
Energy at 

Argonne National Lab, 
but…

>27,000 samples, 
crowdsourced
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Treating the Human Superorganism:
Your Body is an Ecology!

Nature Reviews 
Microbiology
 v.9, p. 279 (2011)



• >$2M raised

• >12000 kits

• >10000 
samples 
sequenced 
and data in 
EBI incl 400 
PGP 
samples…

…but we still 
need more!
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What is the impact on our 
internal microbiome from 

environmental influences such 
as the food we eat?



What is going in?

What is going out?

Integrate data to understand 
impacts of food on health

American Gut Project
www.americangut.org

Global FoodOmics Project

Meta-analyses

http://www.americangut.org/


Food Molecular Network
Grain
Dairy
Vegetable
Meat
Fruit
Mixed



Pesticide 
detection
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We are discovering the impact 
on the microbiome from 

common medical 
interventions



Larry’s stool to Rob’s lab



Human Stool Contains a Vast Amount of Information:
1 Gram Contains ~1 Billion Microbes, Each With >1 Million DNA Bases

1 Teaspoon Stool Has the Information Content of 1 ton of DVDs



Microbiome Ecology Diversity Immediately Drops After Colon 
Cleanse — Followed By Slow Recovery

Source: Smarr, Hyde, McDonald, Sandborn, Knight 



Large Jump In Microbiome Ecology After Cleanse — Then 
“Wanders” for Two Weeks Back to Normal

Source: Smarr, Hyde, McDonald, Sandborn, Knight 



Colonoscopy Cleanse Differentially Impacts
Gut Microbiome Genus Relative Abundance

40x Decrease
9x Increase

~3x Oscillations

Source: Smarr, Hyde, McDonald, Sandborn, Knight 



Gut Microbiome Genus-Level Profiles
Daily Samples Before and After Abdominal Surgery

Colonoscopy Surgery

Source: Embriette Hyde, UCSD



Colonoscopy

Surgery

Much Larger Drop in Microbiome Ecology Diversity
Following Surgery Than Following Colonoscopy

Source: Embriette Hyde, UCSD



Pre-colonoscopy Post-colonoscopy Pre-surgery Post-surgery

Major Shift in Gut Microbiome Ecology 
Following Abdominal Surgery With Return to New Equilibrium State

Source: Embriette Hyde, UCSD




The Colonoscopy Didn’t Make Me Look Like a New Person —
But the Surgery Did!

Pre-colonoscopy Post-colonoscopy Pre-surgery

Source: Embriette Hyde, UCSD




Why do we care about 
modifications of the gut 

microbiome?



The United States Population’s Human Gut Microbiome
Has Diverged a Great Deal from Hunter-Gatherers

“The microbiome of uncontacted Amerindians,” J. C. Clemente, et al. Science Advances 1, e1500183 (2015).

[Amerindians in 
Venezuela/Columbia]

[Africa]

U.S. 
Human

Microbiom
e
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        Missing Microbes



We Must Move From Combating Single Microbe Diseases to 
Developing the Human/Microbiome System Approach to Public Health

Bach (2002) N Engl J Med, Vol. 347, 911-920

2014
For Public Health It is Still About Microbes,
But from Single Species to Entire Ecologies



The Microbiome–Gut–Brain Axis
Provides New Systemic Insights into Shifts in Behavior and Disease

Source: Montiel-Castro, et al. 
Frontiers in Integrative Neuroscience 2013

Particularly Important for Healthy Aging



Many New Research Studies are Demonstrating Deep Relationships 
Between the Gut Microbiome and Behavioral Disorders



Gut Microbes Regulate Serotonin Production,
90% of Which is in the Large Intestine

“It's almost unthinkable 
that the gut is not playing a critical role in mind states," 

says gastroenterologist Emeran Mayer, MD, 
director of the Center for Neurobiology of Stress at UCLA

Cell 161 264-276 (2015)



TACGGAGGGTGCGAGCGTTAATCGGAATAACTGGGCGTAAAGGGCACGCAGGCGGACTTTTAAGTGAGATGTGAAATCCCCGAGCTTAAC

Facebook of Life
16S rRNA gene only a nickname—

complete genome is full name

we need the same cumulative 
growth for whole genome data

Earth microbes
• ~ 1010 species
• ~ 106 bp genomes
• ~ 1016 bytes storage*

Facebook
• processes ~1014 bytes/day
• stores ~ 1017 bytes**

* $30Bn sequencing costs, today
** as of 2014



…and over 120 UCSD Faculty
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