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Earth is a microbial
planet...

...there are 100 million times as many bﬁerla on E:
as stars in the universe. - .

L el - e

icrobiology is the ultimate Big Data science!




Once the diversity of the microbial world is catalogued,
it will make astronomy look like a pitiful science.

- Julian DEI"-..I’iES, Professor Emeritus, Microbiology and Immunology, UBC
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A communal catalogue reveals Earth’s
multiscale microbial diversity
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Treating the Human Superorganism:

Your Body is an Ecology!

External auditory canal Hair on the head

Mostril

Human Microbiome Project Q

4 : The NIH Common Fund

WE ACCELERATE DISCOVERY.

Skin
Peris

Nature Reviews
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>$2M raised

ol IGHCOD

>10000
samples

sequenced
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...but we still
need more!
















What is the impact on our
internal microbiome from
environmental influences such
as the food we eat?



Global FoodOmics Project

What is going in?

American Gut Project
www.americangut.org

What is going out?

Meta-analyses

Integrate data to understand
impacts of food on health


http://www.americangut.org/
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Expected Unexpected
molecules molecules
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D NATIONAL GEOGRAPHIC

Fish fraud in Los Angeles sushi restaurants

Jan. 13,2017

PHOTOGRAPH BY SHEI

JUNE 6, 2014

|| ||
The fish in Los Angeles, California’s sushi might actually be full of red herrings; that is, if you count s h p R
the flounder passing for yellowfin in that spicy tuna roll. A new study has found that almost half rl m ecelve
the fish served at top sushi restaurants across Los Angeles was mislabeled, Yahoo! News

L u u u
reports. The study, published this week in Conservation Biology, ran DNA tests on 364 samples of Antl b I Otl cs I n FaCto ry

10 different fish from 26 restaurants over the course of 4 years. Of their sample, 47% was “fake,’
meaning it was being labeled as something it wasn't. For example, halibut, red snapper, and F f th S
yellowfin tuna were almost always swapped out for an overexploited alternative like flounder. The a rm S o e ea

researchers’ recommendation to avoid getting hoodwinked? Order salmon. by Maryn McKenna



We are discovering the impact
on the microbiome from
common medical
Interventions
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Larry’s stool to Rob’s lak




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




Microbiome Ecology Diversity Immediately Drops After Colon

Cleanse — Followed By Slow Recovery

Daily Phylogenetic Diversity Measures

PD Whole Tree Score
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Source: Smarr, Hyde, McDonald, Sandborn, Knight



Large Jump In Microbiome Ecology After Cleanse — Then

“Wanders” for Two Weeks Back to Normal

PC2 (9.35 %)

July_&
July 31 = July 9
J _. ‘7 Juy e
’\, , / July 10
July|1 X
July 14
July 16
,_ July 12
July 15
\ ~/ PC1 (35.92 %)
July 13

@ Pre-colonoscopy

PC3 (8.21 %
(621%) " @ Post-colonoscopy

Source: Smarr, Hyde, McDonald, Sandborn, Knight



Colonoscopy Cleanse Differentially Impacts

Gut Microbiome Genus Relative Abundance

9x Increase
40x Decrease l ~3x Oscillations

Percent Change in Abudance
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Source: Smarr, Hyde, McDonald, Sandborn, Knight



Gut Microbiome Genus-Level Profiles

Daily Samples Before and After Abdominal Surgery

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

Axis 2 (15.82 %)

Axis 1(25.40 %)

Axis 3 (9197 %)

.Dre-colonoscopy 'Post-colonoscopy 'Pre-surgery 'Post-surgery

Source: Embriette Hyde, UCSD




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

Axis 1 (20.25 %)

‘Dre-colonoscopy ‘Post-colonoscopy ‘Pre-surgery




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

B PC2 (6%) |
® Yanomami [Amerindians in
® Guahibo Venezuela/Columbia]
® Malawi [Africa]

PC1 (16%)
Human
Microbiom
PC3 (3%) €

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



We Must Move From Combating Single Microbe Diseases to

Developing the Human/Microbiome System Approach to Public Health
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Figure 1. Inverse Relation between the Incidence of Prototypical Infectious Diseases (Panel A) and the Incidence of
Immune Disorders (Panel B) from 1950 to 2000.

In Panel A, data concerning infectious diseases are derived from reports of the Centers for Disease Control and Pre-
vention, except for the data on hepatitis A, which are derived from Joussemet et al.'2 In Panel B, data on immune dis-
orders are derived from Swarbrick et al.,' Dubois et al.,” Tuomilehto et al.,* and Pugliatti et al.'s

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

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.
A B Frontiers in Integrative Neuroscience 2013
HPA
axis
. Pain
‘ Anxiety Autism

Meurotransmiters

Depression

() “:':. | G .:S.Ui:hel'rum
QQ@ _ ',@ Q p Obesity

Multiple
sclerosis

Cardiovascular

transmiters é %QQ% ri Sk
il
Hormones .
[}E;}tldr?.‘?
@ Enleroem:incrne -
‘ cell
- 0®
e. F? o
Q. &f?
Q‘ .- "It
[

- % [ .
T : : PV
Particularly Important for Healthy Agin )
Gut microbiota y e Yo "l_



Many New Research Studies are Demonstrating Deep Relationships

Between the Gut Microbiome and Behavioral Disorders

Symposium The Jou_f'nal Of Neurosc,lence 12 November 2014, 34(46): 15490-15496;
Gut Microbes and the Brain: Paradigm Shift in Neuroscience

Emeran A. Mayer1, Rob I{nightz, Sarkis K. Mazmaniang, John F. Crf.rand, and Kirsten Tillisch 15

Neurpsciences

Volume 36, Issue 5, p305-312, May 2013

Gut-brain axis: how the mn:roblome influences anxiety and depression ¥ frontiers September 2013 | Volume 7 | Article 153
in Cellular Neuroscience

Alzheimer’s disease and the microbiome
January 2013, 15:337 | CIIRBRENT

PSYCHIATRY Surjyadipta Bhattacharjee and Walter J. Lukiw *

Date: 10 Jan 2013 HEPDHTS
Molecular Molecular Psychiatry (2014) 19, 1252-1257
Psychiatry

Jane A. Fosterl Karen-Anne McWey Meufeld

The Gut Microbiome: A New Frontier in
Autism Research

Jennifer G. Mulle. William G. Sharp. Joseph F. Cubells

PERSPECTIVE

Genomics of schizophrenia: time to consider the gut

Gut Microbiota Regulate Motor Deficits microbiome?
and Neuroinflammation
in a Model of Parkinson’s Disease

[ 4 "
Timothy R. Sampson,’* Justine W. Debelius,? Taren Thron,! Stefan Janssen,? Gauri G. Shastri," Zehra Esra llhan,®
Collin Challis,’ Catherine E. Schretter,’ Sandra Rocha,* Viviana Gradinaru,’ Marie-Francoise Chesselet,®
Ali Keshavarzian,® Kathleen M. Shannon,”-° Rosa Krajmalnik-Brown,2 Pernilla Wittung-Stafshede,* Rob Knight,2:8

and Sarkis K. Mazmanian?-10-*

TG Dinan'?, YE Borre' and JF Cryan'?




Gut Microbes Regulate Serotonin Production,

90% of Which is in the Large Intestine

&F AMERICAN PSYCHOLOGICAL ASSOCIATION

“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

By Dr. Siri Carpenter
September 2012, Vol 43,

Microbiome
Institute

"More and more studies are showing that mice or other model 9 P 1 ] American

organisms with changes in their gut microbes exhibit altered

behaviours.” noted senior author Dr Elaine Hsiao of Caltech. April 13,2015
Cell 161 264-276 (2015) Gut bacteria help regulate serotonin
levels




Facebook of Life

TACGGAGGGTGCGAGCGTTAATCGGAATAALPEGGCGTAAAGGGCACGCAGGCGGAU TS JAAGTGAGATGTGAAATCCCCGAGCTTAAC

16S rRNA gene only a nickname—
complete genome is full name

we need the same cumulative
growth for whole genome data

Earth microbes Facebook
~ 10" species * processes ~10' bytes/day
~ 10® bp genomes * stores ~ 10" bytes**

~ 10'® bytes storage*

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