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Outline
1.What is the microbiome?
2.What was the human microbiome project and 

what have we learned from it?
3.What is the evidence that diet can influence 

the microbiome?
4.How can the microbiome influence the 

response to dietary components?
5.What is the relationship between diet, the 

microbiome and disease risk?



The Human Microbiome
We are a composite of species: eukaryotic, bacterial, viral-

up to 10x more microbial cells than human
Gut Microbiota= microbes in our GI tract, ~100 trillion 

organisms
Microbiome= their collective genome, >100 times as many 

genes as human genome
Dysbiosis= dysregulated (abnormal) microbiota. Common 

to many diseases including obesity, diabetes, colon 
cancer, and IBD



What Do Microbes Do For Us?
Provide ability to harvest 

nutrients
Produce additional 

energy otherwise 
inaccessible to the host
Produce vitamins
Metabolize carcinogens
Prevent colonization by 

pathogens
Assist in the development 

of a mature immune 
system



Human Microbiome Project (2008-2012): a community resource

Phase 1: Survey of the microbiome in humans
“Who’s there?”

Is there a “core” microbiome?

Healthy cohort study

Clinically healthy

300 male/female

18-40 y.o.

5 major body regions
(18 body sites)

Up to 3 visits in 2 yrs

No antibiotics, probiotics, 
immunomodulators

Demonstration 
Projects

Microbiome-associated 
conditions

Skin: eczema, psoriasis, acne

GI/oral: esophageal 
adenocarcinoma, necrotizing 
enterocolitis, pediatric IBS, 
ulcerative colitis, Crohn’s 
Disease

Urogenital: bacterial vaginosis, 
circumcision, sexual histories



In healthy American adults, the microbial community 
composition in each part of the body is unique.

Human Microbiome Project Consortium, Nature 486: 207-214, 2012
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 For each person, est. 1,000 bacterial species and 2,000,000 bacterial genes.
 Total pool, est. 10,000 species and 8,000,000 genes.
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Microbial composition of each body site community

Microbial composition of healthy adult microbiomes 
is highly variable: Core consists of genes not bugs

Phylum level

Microbial metabolic pathways of each body site community

Genetic potential of each microbiome is less variable

 A ‘core’ microbial composition  may not occur with host phenotype.

 However, a ‘core’ metagenomic and/or functional profile may occur with host 
phenotype

Human Microbiome Project Consortium, Nature 486: 207-214, 2012



1) Investigate links 
between the mouth 

and gut 
microbiomes

2) Evaluate stability of 
meta’omic samples 

under subject-shipped 
conditions

3) Relate the gut 
metagenome and 

metatranscriptome

Sequencing

Analysis of Both the Metatranscriptome and Metagenome 
in Epidemiological Studies

Franzosa et al., PNAS  E2329-E2338, 2014



Some Functions are Highly Over-Expressed

DNA RNA
(RNA/DNA ratios used as input to a 

functional enrichment analysis)

Methanogenesis

Franzosa et al., PNAS  2014



Franzosa et al., PNAS  2014

Microbial composition may not be the most useful 
property

Highly variable

Microbiome Property Variability between subjects

10 most abundant 
microbial taxa in 
metagenomes of 
subjects in cohort 

Not variable

10 most abundant 
microbial 
metabolic genes in 
metagenomes of 
subjects in cohort

Somewhat variable

10 most abundant 
expressed microbial 
metabolic genes in 
metatranscriptomes of 
subjects in cohort



metabolism

What functional properties do 
we need, to understand  the role 
of the microbiome in the 
human:

transcripts?
proteins?
metabolites?

Recall: the metagenome is the genetic “blueprint” 
of the microbiome.



Human Microbiome Project (2013-2016)

Phase 2: Integrative HMP “iHMP” what are they doing?

Biological properties of both the microbiome and the host
 microbial composition & multi ‘omics (i.e., transcripts, proteins & metabolites) 

from microbiome and host
 longitudinal cohort studies
 integrated datasets as a community resource



Host and Microbial Responses to Dietary Perturbations 
and Infectious Disease in Individuals with Prediabetes

Integrative HMP (iHMP) Research Network Consortium, Nature 569: 641-648, 2019



Different dietary intake results in 
differences in gut bacteria in globally 
distinct populations:

De Filippo et al. Proc. Natl. Acad. Sci. USA, 
107, 14691-14696, 2010



Immigration Influences the Human Gut Microbiome

 U.S. immigration is associated 
with loss of gut microbiome 
diversity

 U.S. immigrants lost bacterial 
enzymes associated with plant 
fiber degradation

 Bacteriodes strains displace 
Prevotella strains according to 
time spent in the U.S.

 Loss of diversity increases with 
obesity and is compounded 
across generations

514 Hmong and Karen individuals living in 
Thailand and the U.S. and 36 U.S. born 
European Americans

Vangay et al. Cell 175(4):962-972, 2018. 



A Potential Microbiome-Influenced Adaption in 
Humans

The Scientist, July 2021



David, L.A. et al., Nature, 505: 559-563, 2014

Short- term consumption of diets 
composed entirely of animal or 
plant products by 10 subjects:

 Alters microbial community 
structure

 Overwhelms inter-individual 
differences in gene expression

 Modifies metabolic pathways

Short-Term Feeding of Plant- and Animal-Based Diets 
Alters Gut Microbiota



Diet Dominates Host Genotype in Shaping the 
Human Gut Microbiota

Rotschild D. et al. Nature, 555:210-215, 2018

Genetics and microbiome were analyzed in 1,046 healthy individuals in Israel from Ashkenazi, North 
African, Middle Eastern, Sephardi, Yemenite and mixed/other backgrounds



Diet-Microbiome Associations in Humans

 Multivariate methods were used to 
integrate 24-h food records and fecal 
metagenomes from 34 healthy 
subjects collected daily over 17 days

 Microbiome composition depended 
on at least 2 days of dietary history

 Daily microbiome composition was 
more strongly associated with food 
choices than with nutrient profiles

 Similar foods have different effects 
on different people’s microbiomes

 Food-based interventions seeking to 
modulate the gut microbiota may 
need to be tailored to the individual 
microbiome

Johnson et al. Cell Host & Microbe 25:789-802, 2019



Gut-Microbiota-Targeted Diets Modulate 
Human Immune Status

A randomized controlled study  
compared a diet high in plant fiber 
or high in fermented foods on the 
microbiome and immune system  in 
healthy adults

 High-fiber diet changes 
microbiome function and elicits 
personalized immune responses

 Fermented-food diet increases 
microbiome diversity and 
decreases markers of 
inflammation

Wastyk et al. Cell, 184:1-17, 2021. 



Dietary Modulation of Gut 
Microbiota

 Probiotics: foods or dietary supplements that 
contain live bacteria

 Prebiotics: nondigestible food ingredient, which 
selectively stimulates the growth of gut bacteria

 Synbiotics:  combination of a probiotic with a 
prebiotic

Other factors:  tea, cocoa, wine polyphenols, spices



Probiotics
WHO Definition: Live microorganisms 
that when administered in adequate 
amounts confer a health benefit on 
the host

Examples: Lactobacillus, Bifidobacterium, Saccharomyces 
cerevisiae (yeast), E. coli and Bacillus 



Fermented Foods & Beverages

Typically do not contain live cultures due to heat 
treatment, filtration or food processing to 
improve shelf life – hence, not true probiotics:
Sourdough bread
Fermented meat
Sauerkraut
Wine & beer
Vinegar



Fermented dairy products
– Some yogurts
– Some natural cheese
– Buttermilk
– Kefir

Cultures may or may not be considered 
probiotic, depending on bacteria levels 
when eaten & whether bacteria have been 
shown to confer health benefits.

Live & Active Cultures 



Top Dietary Supplements by U.S. Sales

Top Supplements 2018 (NBJ Supplement Business Report 2019) $Million %Growth

Multivitamins 6,228 3.6

B Vitamins 2,316 2.8

Probiotics 2,267 9.3
Vitamin C 1,289 9.1

Fish/Animal oils 1,207 3.1

Calcium 1,106 -4.5

Magnesium 1,010 10.2

Vitamin D 972 3.9

Glucosamine/Chondroitin 665 -2.1



Proposed Health Effects of Probiotics



Meta-Analysis: Probiotics and BMI

 Studies are of short duration 
(< 12 weeks)

 Most studies have a small 
sample size (underpowered)

 Utilize different probiotics

 Most trials not preregistered

Not clinically significant

Borgeraas H. et al. Obesity Rev. 19:219-232, 2018



Probiotics- Where is the Science?

What we know:
1. There’s preliminary evidence that some probiotics are helpful- preventing 

diarrhea caused by infections and antibiotics,  and improving symptoms of 
irritable bowel syndrome

2. The U.S. Food and Drug Administration has not approved any probiotics for 
preventing or treating any health problem

3. Probiotic supplements should contain at least 1 billion live cells/gram
4. The supplement is probably better if it has multiple types or strains of bacteria
5. If people are generally healthy, probiotics have a good safety record. However, 

there have been reports linking probiotics to severe health effects, such as 
dangerous infections, in people with weakened immune systems

What we don’t know:
1. Which probiotics are helpful and which are not- not all probiotics have the 

same effect, effects are likely strain specific
2. How much of the probiotic people should take
3. Who would most likely benefit from taking probiotics





Integrated Studies to Investigate Diet-Microbiota 
Interactions:  Iron as an Example

Lacroix C. et al., Curr. Opinions Biotech. 32:149-155, 2015



Microbes
(Numbers and Types) Dietary Components 

Diet and the Microbiome:  A Two-Sided 
Relationship



Microbiome Influences Metabolites in Serum
Metabolomic analysis of indole-containing compounds in serum

Wikoff et al. PNAS 106: 3698-3703, 2009



Bacteria Can Produce New Compounds 
from Food Components

Food Component Bacterial Metabolite
Dietary fiber Butyrate and other SCFAs
Choline, carnitine Trimethylamine
Soy isoflavones Equol, O-desmethylangolensin
Plant lignans Enterodiol, enterolactone
Ellagitannins Urolithins A and B
Anthocyanins Hippuric acid & small phenolics
Glucosinolates Isothiocyanates



Dietary Fiber and Health

Dietary fibers are fermented by colonic bacteria 
to form short chain fatty acids
Butyrate is the most widely studied and the 

preferred energy source of colonocytes
Production of short chain fatty acids has been 

associated with health promotion and disease 
prevention



Dietary Fiber and Bacterial Diversity

Martens E. Nature 529:158-159, 2016
Sonnenburg, E. et al. Nature 529: 212-215, 2016



Dietary Fiber Can Protect the Mucus Barrier

 Mice fed a high fiber diet have more 
fiber-degrading bacteria, a thick 
mucus lining and are protected from 
Citrobacter rodentium infection.

 A fiber-deprived gut microbiota 
promotes expansion and activity of 
colonic mucosa-degrading bacteria 
and are susceptible to C. rodentium
infection and colitis.

Therefore, the availability of potential 
food sources influences the growth of 
different bacteria and can affect 
disease susceptibility. 

Desai et al. Cell 167:1339-1353, 2016. 



Diet, Microbial Metabolism and 
Cardiovascular Disease

Hazen, S.L. Curr. Opin. Lipidol. 25: 48-53, 2014



Dietary Allicin Reduces Transformation of 
L-Carnitine to TMAO

Wu et al. J. Functional Foods 15:408-417, 2015



Obesity Prevalence in the U.S.-2015

Content source: National Center for Chronic Disease Prevention and Health Promotion



Some Eat More and Grow 
More Than Others



Germ-Free Mice Eat More and 
Grow Less

Conventionalized mice (CONV-D)=formerly germ free (GF) recipients of a 
gut microbiota transplant from conventionally raised (CONV-R) donors

Bakhed et al. PNAS 101:15718-23, 2004



Microbiota-Transplantation 
Studies

ob/ob Diet-induced obesity Humanized Mice
Diet-induced obesity

Turnbaugh et al. Cell Host Microbe 3:213-223, 2008
Turnbaugh et al. Nature Science Transl Med 1:6-14, 2009



Obesity Alters Gut Bacteria 
in Different Mouse Models

Ley et al. PNAS 102:11070-5; 2005
Turnbaugh et al. Cell Host Microbe 3:213-223, 2008

ob/ob- genetically 
induced obesity Diet induced obesity



Human Gut Microbes and Obesity

 12 Unrelated obese 
subjects on fat or 
carbohydrate restricted 
diet

 Monitored for one year

 Increase in 
Bacteroidetes correlates 
with change in weight

Ley et al. PNAS 444:1022-1023, 2006 



Diet versus Obesity: Effects on Microbiome and Glucose 
Tolerance

Dalby et al. Cell Reports 21:1521-1533, 2017



Diet versus Obesity: Effects on Microbiome and Glucose 
Tolerance

Dalby et al. Cell Reports 21:1521-1533, 2017

 High-fat diet induced changes in 
mouse gut microbiota composition 
due to diet, not obesity

 Glucose intolerance and obesity in 
mice linked to high-fat diet, not 
changes in gut microbiota

 Cecal fermentation (energy 
harvest) decreased, not increased, 
by high-fat diet

Choice of control diet is 
vitally important to 
studies of microbiota 
composition



Microbes
(Numbers and Types)

Food Components 
and Energy

Microbial Metabolite(s)

Disease Risk



Can Your Microbiome Tell You What to Eat?

 High interpersonal variability in post-meal glucose observed in an 800-person 
cohort

 Using personal and microbiome features enables accurate glucose response 
prediction

 Prediction is accurate and superior to common practice in an independent cohort
 Short-term personalized dietary interventions successfully lower post-meal glucose

Zeevi D., et al. Cell 163:1079-1094, 2015

?? Can this study be reproduced in a different population? 





Take Home Messages

1. Microbiome research is an emerging area of science and 
there are many research opportunities available. 

2. The microbiome is integral to human physiology, 
maintenance of health and development of disease.

3. There is a two-sided relationship between diet and the 
microbiome.

4. Nutritionists, dietitians and the food industry need to 
actively stay informed about advances in this field.





Thank you 



Manipulation of Human Gut Bacteria by Fiber-
Derived Glycans

 Explains mechanisms by 
which different human 
gut microbes utilize 
bioactive components of 
dietary fibers 

 Paves a path towards the 
development of 
microbiota-directed foods 
that provide metabolic 
benefits to the host.

Patnode et al. Cell 179:59-73, 2019
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