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The Human Microbiota: Terminology

Microbiota: The microbial communities inhabiting our body

Microbiome: A: Collection of genes, gene products and metabolites of the microbiota

“Joshua Lederberg suggested using the term ‘microbiome’ to describe the collective
genome of our indigenous microbes (microflora), the idea being that a
comprehensive genetic view of Homo sapiens as a life-form should include the
genes in our microbiome.”

Hooper & Gordon, Science. 2001 May 11;292(5519):1115-8.

Organ metaphor



The Human Microbiota: Terminology

Microbiota: The microbial communities inhabiting our body

Microbiome: A: Collection of genes, gene products and metabolites of the microbiota
B:  The microbiota and its environment 

(2019 Frontiers in Microbiology 
10 doi:10.3389/fmicb.2019.00292)

Organ metaphor

Ecosystem framework



The Human Microbiota: Complexity

Compositional difference in the microbiota by anatomical site (Nature 
Review Genetics, 2012, 13:260) 

The human microbiota is composed of distinct bacterial populations at 
different body sites. This principle component analysis (PCA) plot shows 
different body sites (colors) in healthy adults determined by 16S rRNA 
gene sequencing (dots). Similar microbiota compositions are grouped 
more closely together in two-dimensional space. (Nature, 2012, 
486:207) 

Different communities 
at different body sites



The Human Microbiota: Complexity

Different communities 
at different body sites
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The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

- Bacteria, Archaea, Viruses, Fungi, Protozoa
- More than 1000 different species

2019 MMBR 83:00044-18 
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Different communities 
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Very diverse
ecosystem

- Bacteria, Archaea, Viruses, Fungi, Protozoa
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- Total number of cells: ~1014

- Total number of human cells: ~1013



The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

- Bacteria, Archaea, Viruses, Fungi, Protozoa
- More than 1000 different species

- Total number of cells: ~1014

- Total number of human cells: ~1013

- 100-times more microbial genes than human genes 



The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Most prevalent OTUs, present in 8 out of 17 individuals 
or more, corresponded to 2.1% of all OTUs 

> 8,000 OTUs

17 individuals

Sequencing

Fecal samples

(2009 Environmental Microbiology 11: 2574)



The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Microbiota composition 
fluctuates over time

Madan et al., Curr Opin Pediatr. 2012 Dec;24(6):753-9.
Koenig et al., Proc Natl Acad Sci U S A. 2011 Mar 15;108 Suppl 1:4578-85. 
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The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Microbiota composition 
fluctuates over time

Schematic representation of the resilience phenomena in host-associated microbial communities
(2017 Nature Reviews Microbiology 15:631)

Birth Adolescence and adulthood Old age

B



The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Microbiota composition 
fluctuates over time

What constitutes a healthy microbiome?
What is dysbiosis?



The Human Microbiota: Homeostasis

What constitutes a healthy microbiome?
What is dysbiosis?

Microbiome: Collection of genes, gene products and metabolites of the microbiota

Organ metaphor



The Human Microbiota: Homeostasis
Microbiome: Collection of genes, gene products and metabolites of the microbiota
Microbiome: The microbiota and its environment

Ecosystem framework



Host

The Human Microbiota: Homeostasis
Microbiome: Collection of genes, gene products and metabolites of the microbiota
Microbiome: The microbiota and its environment

Genes 
and metabolites

Factors shaping
the host ecosystem

Health

Diet



The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Microbiota composition 
fluctuates over time

What constitutes a healthy microbiome?



Principles of community assembly 

Competition and habitat filtering govern gut microbiota assembly 

Competition: Interaction between species Habitat filtering: Interaction of species with their 
environment

Competition limits the number of similar coexisting 
species

R
esult:

Habitat filtering establishes dominant taxa in the 
colonic microbiota
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Principles of community assembly: Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
colonic microbiota
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Maintenance of
anaerobiosis

Host control:

Epithelial hypoxia
in the colon 

(<1% O2)

Tissue oxygenation
(3-10% O2)

Dominance of obligately 
anaerobic bacteria



Principles of community assembly : Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
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Principles of community assembly : Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
colonic microbiota
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Result:

Host control:

Dominance of obligately 
anaerobic bacteria

Diet:

Dominance of milk
oligosaccharide 

consumers
Human milk oligosaccharides (HMOs) 

>200 species



2013 Nat Rev Microbiol. 11:497 

Principles of community assembly : Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
colonic microbiota
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Principles of community assembly : Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
colonic microbiota

Ad
ul

t-t
yp

e 
m

ic
ro

bi
ot

a
In

st
ab

ilit
y

“real”
food

Breast
feeding

Result:

Host control:

Dominance of obligately 
anaerobic bacteria

Diet:

Dominance of milk
oligosaccharide 

consumers

Dominance of 
fiber eaters

Bernhard Schink



Principles of community assembly : Habitat filtering 

Habitat filtering: Interaction of species with their 
environment

Habitat filtering establishes dominant taxa in the 
colonic microbiota
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Host control:

Dominance of obligately 
anaerobic bacteria

Diet:

Dominance of milk
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Nutrient-niche hypothesis: To coexist, each member of the microbiota must consume some critical resource better than 
any other member within the community and the abundance of this critical resource determines 
its abundance (1983 Infect Immun 39:686) 
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Principles of community assembly: Priority effects



Nutrient-niche hypothesis: To coexist, each member of the microbiota must consume some critical resource better than 
any other member within the community and the abundance of this critical resource determines 
its abundance (1983 Infect Immun 39:686) 

Environmental exposure 
to maternal or environmental

microbes
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Occupant gains
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Principles of community assembly: Priority effects



Occupant gains
advantage over

new arrivals

Priority effects

Microbiota resistance:     The phenomenon that the adult microbiota is resistant to change

What is a balanced microbial community?

Historical contingency

Principles of community assembly: Microbiota resistance



Resource 1 = oxygen
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Principles of community assembly: Priority effects

E. coli YL178
+

Photorabdus luminescens
luxCDABE operon

Aldehyde

FMNH2

O2

Acid

FMN

H2O

Bioluminescence

Yael Litvak

(2019 CHM 25:128)



Resource 1 = oxygen

E. coli
(luxCDABE)

106

107

108

109
To

ta
l f

lu
x 

(p
ho

to
ns

/s
ec

)

E. coli 
lux

E. coli lux
+ 

Salmonella

E. coli lux

Salmonella

1 day

Occupant gains
priority access to

growth limiting resource

Salmonella

Principles of community assembly: Priority effects

Priority effects

Yael Litvak

(2019 CHM 25:128)E. coli YL178
+

Photorabdus luminescens
luxCDABE operon

Aldehyde

FMNH2

O2

Acid

FMN

H2O

Bioluminescence



Principles of community assembly: Microbiota resilience

Bacter-
oidia
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The Human Microbiota: Complexity

Different communities 
at different body sites

Very diverse
ecosystem

Taxa carriage varies
between individuals

Microbiota composition 
fluctuates over time

Habitat filters differ 
between body sites

Reflective 
of the 

number of
available 

nutrient-niches

Historical
contingency

and
microbiota
resistance

Weaning changes 
habitat filtering

Dysbiosis is the result of abnormal competition and habitat filtering

Homeostasis is the result of normal competition and habitat filtering



The Human Microbiota: Function

Conversion of fiber
into fermentation

products

Detection of 
metabolites by

host cell receptors
Competition and 
habitat filtering

Colonization
resistance

Nutrition Immune
education

Host Microbiota



Colonization resistance against enteric pathogens: Competition

Salmonella challenge dose
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Bernhard Schink pH range 
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Colonization resistance against enteric pathogens: Habitat filtering by the host
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Colonization resistance against enteric pathogens: Habitat filtering by the host
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Ecosystem invasion by Salmonella
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The principle driving force of natural selection: transmission

“The dream of every cell is to 
become two cells" (François Jacob) 

“Nothing in biology makes sense 
except in light of evolution"
(Theodosius Dobzhanski) 
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