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The human microbiome is a complex 
community
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Time
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evolutionary or ecological processes?
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Evolution

~1:1 ratio of human to 

microbial cells!
Sender et al. 2016 PLoS Bio.

~1 billion mutations 

entering our 

microbiomes daily!
Zhao, Lieberman et al. 2019 

Cell Host Microbe

Abundant opportunity for evolution in the 

human microbiome
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Population genetic processes can give rise 

to a range of traits in the microbiome

Digestion of food
Hehemann et al. 2010 Nature 

Antibiotic resistance

(e.g. Karami et al. 2007 J. Antimicrob. 

Chemother.)

Drug metabolism
(Haiser et al. 2013 Science)
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Species-level diversity has been 

extensively studied

16S gene
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Linkage on longer length scales

• Cultured isolate sequencing

• Single cell and read-cloud sequencing
(e.g., Bishara et al. 2018, Lan et al. 2017, Ma et al. 2017)

• Metagenome-assembled genomes
(e.g., Pasolli et al. 2019, Nayfach et al. 2019, and Almeida et al. 2019)
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How can we detect genetic 

variation within species? 

Ref genome 2 Ref genome 1000

“Species” 2 “Species” 1000 …

Nayfach, Rodriguez-Mueller, Garud, and Pollard, Genome Research, 2016
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Can analyze each 

species one by one

Map reads to reference genomesf=0.5
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different environments

Pasolli et al. 2019
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Biogeography of gut microbes

Truong et al. 2017 Genome Research

Faecalibacterium prausnitzii Eubacterium rectale Prevotella copri
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Closely related strains on different 

continents

Closely related strains 

found on two continents!

Garud, Good et al. 2019
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Open Questions
• What ecological and evolutionary processes 

govern the ‘oligo colonization’ of individuals? 

• Why do different species show different 
geographic distributions?
– Property of species (e.g. sporulation ability, vertical 

transmissibility)

– Property of the host (e.g. genetics, antibiotic useage)

– Property of both?
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Handful of 
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Distinguishing evolution from strain fluctuationsSubset sampled twice over ~6 monthsX 250 hostsHuman microbiome project1%divergedHandful ofdifferences



But! Detecting evolutionary events is not so simple…

f=0.15 f=1.0

Complication! 

Multiple strains may be colonizing 

a host at high frequency.

But! Detecting evolutionary events is not so simple…f=0.15 f=1.0Complication!Multiple strains may be colonizinga host at high frequency.



But! Detecting evolutionary events is not so simple…

f=0.15 f=1.0

Complication! 

Multiple strains may be colonizing 

a host at high frequency.

But! Detecting evolutionary events is not so simple…f=0.15 f=1.0Complication!Multiple strains may be colonizinga host at high frequency.



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%
Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%
Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

T T

A G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2T TA G



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

T T

A G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2T TA G



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

G

T

Site 1 Site 2

T T

A G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATGTSite 1 Site 2T TA G



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

T

G

Site 1 Site 2

T T

A G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATTGSite 1 Site 2T TA G



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

T

G

Site 1 Site 2

T T

A G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATTGSite 1 Site 2T TA G



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

T

G

Site 1

T

A

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATTGSite 1TA



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

T

G

Site 1

T

A

T

G

Time

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATTGSite 1TATGTime



Resolving the lineage structure in the microbiome

Allele frequency

F
ra

c
ti
o
n
 o

f 
s
it
e
s

0 50% 50%0 50%0

Bacteroides vulgatus

15%

15% 85% 50%50% ?%

Site 1 Site 2

A

T

T

G

Resolving the lineage structure in the microbiomeAllele frequencyFraction of sites0 50% 50%0 50%0Bacteroides vulgatus15%15% 85% 50%50%?%Site 1 Site 2ATTG



Population genetics in >30 species simultaneously!

Data from the Human Microbiome Project

801 resident populations 

across hosts x species

Population genetics in >30 species simultaneously!Data from the Human Microbiome Project801 resident populationsacross hosts x species



Do bacteria evolve in the host gut?
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Do gut microbes recombine frequently?
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