
Co-diversified clades 
ancestral to murids

The observation that lab strains from ancestral, co-diversifying 
taxa display increased genetic load provides an evolutionary 
basis for their reduced fitness when competed in germ-free 
mice against relatives from wild mice. These findings suggest 
that genetic drift—rather than positive selection—has been the 
predominant evolutionary force driving divergence of lab 
mouse microbiotas from wild ancestors.   

Significantly elevated genetic drift in lab strains 
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We found that laboratory mice have retained 
> 25-million-year-old symbiont lineages that 
co-diversified with rodents, and that these 

ancestral symbionts have experienced 
elevated levels of genetic drift during the last 

100+ years of captivity.

Close interactions between species over 
evolutionary timescales will lead to congruence 
between symbiont and host phylogenetic trees

We collected a set of 
metagenome-assembled 
genomes (MAGs) from 307 
host individuals from 14 
rodent species1, spanning 
over 20 million years of host 
evolution. These were 
combined with 504 newly-
sequenced MAGs from 6 
species of Peromyscus, to 
create a phylogenetic tree 
that includes 5,567 MAGs 
from 20 rodent species. To 
test for co-diversification 
between gut symbionts and 
their rodent host, we 
developed a permutation-
based statistical approach 
that identifies regions of the 
symbiont tree that are 
structurally correlated with 
that of their host.   

Methods

What are the evolutionary origins 
of the house mouse microbiota?

Introduction

The gut microbiota of lab mice is distinct from that of their 
wild-living conspecifics, but we don’t know if they’ve acquired 
those differences from the lab environment, or if lab lineages 
have evolutionarily diverge since their most recent common 
ancestor. Here, we investigate the evolutionary origins of the 
house mouse microbiota using a co-phylogenetic approach.
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Co-diversified wild strains 
out-compete related lab strains in vivo 
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Lab house mice have retained 24 of the 
40 co-diversified clades that are ancestral 

to murids, but have lost more of these 
symbiont lineages than wild house mice.
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We identified 158 gut bacterial clades showing evidence of co-diversification with their rodent hosts (r > 0.75, p < 0.01). 
Clades A-C show perfect or near-perfect correlation with their host phylogeny. 

Widespread co-diversification between gut bacterial 
symbionts and their rodent hosts 

For each gene in co-diversifying 
ancestral clades, we calculated 
the dN/dS ratio in lab- and wild-
derived MAGs. While most genes 
are under purifying selection in 
both lab and wild mice, 
significantly more genes are under 
positive selection in lab mice but 
purifying selection in wild mice 
(top-left) than purifying selection in 
lab mice and positive selection in 
wild mice (bottom-right) (p < 0.05).
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We also observed significant 
genome-wide elevation of 
dN/dS in lab strains relative to 
wild strains (p < 0.001). This 
pattern was especially 
apparent in certain clades 
(right). Whereas elevated 
dN/dS in individual genes can 
be driven by positive selection, 
elevated genome-wide dN/dS 
is indicative of reduced 
effective population sizes (Ne) 
and increased genetic drift.

Altered genomic signatures of positive 
selection in lab strains 
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To assess the fitness consequences of both positive selection and 
increased genetic drift, we re-analyzed data from competition 
experiments in germ-free mice2. Wild microbiotas were significantly 
more fit in germ-free recipients than lab microbiotas (p < 0.001). 
This pattern was primarily driven by co-diversifying bacterial lineages. 
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