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Mapping the Microverse

“The globally connected 
network of microbiomes 

that covers the Earth 
and all things on it”
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Ocean microbiome
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Microbes on a grain of sand

Probandt et al, ISME journal 2017
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Human microbiome
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Metagenome data from many biomes
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22,518 metagenomes from 140 biomes

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Map of the Microverse

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Assignments
h/ps://microverse-mapper.uni-jena.de/

1. Please take a look at the Microverse Mapper website. 
a) Read the Help page.

2. Roseobacter:
a) In how many microbiome samples was Roseobacter found? *

b) From how many different biomes were these samples derived? 
c) In which biome is Roseobacter typically found? 
d) What are the 10 most abundant other genera in marine samples 

containing at least 100 Roseobacter reads? 
e) Which of these are generalists and which are specialists?

* Cutoff: 100 reads
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Map of the Microverse

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Generalist  ⬄  Specialist
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Assignments
3. Microverse Mapper

a) Which oral samples stand out? 
b) Can you figure out why? 
c) What does this tell you about the data?

4. How many different types of bioreactors are there?
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Social niche breadth (SNB)

⬄
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Assignment
5. Roseobacter again

a) What is the taxonomic lineage of Roseobacter?
• Genus: Roseobacter
• Family: 
• Order: 
• Class: 
• Phylum: 

b) In how many samples/biomes are each of these found?
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SNB at different taxonomic ranks

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Ques4ons
6. What’s the difference?

a) How do generalists become so successful?
b) How do specialists prevent geMng outcompeted?
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Generalists: Jacks of all traits?

• Generalists oNen locally 
outcompete specialists

• Generalists are variable 
across communiOes

• Generalists are fast 
growing opportunists

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Metagenomics 2.0: genomes from metagenomes
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Growth rate predic4ons from codon usage bias

Ribosomal proteins
All other proteins

Slow grower

Fast grower

Weissman et al, PNAS 2021
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• Generalists and specialists 
have similar genome sizes

• Generalist genera vary in size
and gene content
– Larger pan genome
– Open pan genome

• Specialist species have more 
similar genomes than 
generalists

• Generalists are older than 
specialists

Overall, generalists do not have larger genomes than specialists

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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Assignments
7. Get yourself some microbiome datasets

a) Either your own data, or search for your favorite keyword in
MGnify 
• hTps://www.ebi.ac.uk/metagenomics

b) Convert them to BIOM format 
• hTp://biom-format.org/documentaOon/biom_format.html

8. Upload them to the Microverse Mapper
a) Do your samples fall where you expect them on the map? 
b) Select the 100 closest other samples. From how many different 

studies are they derived? 
c) Can you find the associated publicaOons?
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Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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The rhizosphere effect
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Poppeliers … Du<lh, BioRXiv 2024
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SNB at different taxonomic ranks

Von Meijenfeldt, Hogeweg & Du<lh, Nature Ecology & Evolu5on 2023
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In different plants and bacteria
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Lopez … Du<lh, ISME Journal 2023

MAGs

Microbiome data
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Lopez … Du<lh, ISME Journal 2023

Func4ons of rhizosphere-associated bacteria
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Conclusions
1. Bacteria are differenOally distributed across the Microverse
2. Wide and narrow niche breadths reflect different eco-evoluOonary 

strategies
– Generalists are fast growing opportunists with flexible genomes
– Specialists are lower in abundance but ecologically and 

evoluOonarily stable
3. Rich nutrient sources such as the plant root aTract fast growers 

with compeOOve funcOons

29

For projects email b.e.du3lh@uni-jena.de
Experience with Python/R/bash is recommended

Research lines of the 
Viral Ecology and Omics Group
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b.e.du&lh@uni-jena.de
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