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Why do we want to mine 
microbiome?



Therapeutic needs

Antibiotics Antivirals Cytotoxins

20-35 M 
excess deaths



What’s the first antibiotic you can think of?
Do you know where it’s coming from?



Two common examples

Amoxicillin Gentamicin



Discovered/derived from microbes



Microbes as a source of natural product drugs

Partridge et al. 2016



Microbial pathways

Microbial metabolism as a source of 
biotechnological and therapeutic innovation



Microbial pathways

Biotechnological applications
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Microbial pathways

Biotechnological applications

Ecological functions

OH

O
O

O

HH

OH

HO

NH2N

NH

OH

NH

NH2HN

H
O

OH

O

OH

OH

NH

H

H

antibiotics

cytotoxics
immunomodulators

restriction enzymes
cell-death 
effectors

Genetic parasites (Plasmids)Bacteriophages (Viruses)

Unicellular eukaryotes

Multicellular host
Bacteria



Microbial pathways

Biotechnological applications

Ecological functions
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Can you think of a major advance 
in molecular biology and 

therapeutics? 
Clue: 2020 Chemistry Nobel Prize



Microbes are ubiquitous on our planet

Cavicchioli et al. 2019



Microbiomes as a source for new applications 

Cavicchioli et al. 2019



Sampling

Cultivation- and genomics-based discovery



CultivationSampling

Cultivation- and genomics-based discovery



Cultivation Sequencing

Bioinformatic mining
Hug et al. 2016; 2018; Lloyd 2018

95% Uncultivated lineages

Sampling
Access the genome: 

- Functional blueprint

Cultivation- and genomics-based discovery



Uncultivated majority

Cultivation Sequencing

Bioinformatic mining
Hug et al. 2016; 2018; Lloyd 2018

95% Uncultivated lineages

Sampling
Access the genome: 

- Functional blueprint



Uncultivated majority

Adapted from Hug et al. 2016; 2018; Lloyd 2018
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Microbiomes as untapped 
treasure troves for 
biotechnological and 
therapeutic solutions
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How do we mine microbiomes?



Cultivation-independent approach

Sampling Cultivation



Metagenomics: community-level genomics

Extraction

Genomic
DNA

Sampling

DeLong 2005; Allen and Banfield 2005



Metagenomics: community-level genomics

Sequencing

Metagenomic
short reads

Extraction

Genomic
DNA

Sampling

DeLong 2005; Allen and Banfield 2005

Small DNA fragments         
(a tenth of a gene in 
length)



Cultivation-independent genome reconstruction

Tyson et al. 2004

Metagenomic
short reads



Cultivation-independent genome reconstruction

Tyson et al. 2004

De novo
assembly

Contigs
Metagenomic
short reads



Cultivation-independent genome reconstruction

Tyson et al. 2004

Binning MAGsDe novo
assembly

Contigs
Metagenomic
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Cultivation-independent genome reconstruction

Tyson et al. 2004

Binning MAGsDe novo
assembly

Contigs
Metagenomic
short reads

How does it work?



Metagenomic binning









Metagenomic assembly

Basically a puzzle with bits of DNA





















Sequence composition

Computing k-mer frequencies

























Abundance correlation

Counting stuff across samples







































Material
This course uses a lot of material from https://merenlab.org/momics/, I invite you to have a look. 

If you want details on the bioinformatics behind you can start by having a look here:

 https://astrobiomike.github.io/genomics/metagen_anvio

https://merenlab.org/momics/
https://astrobiomike.github.io/genomics/metagen_anvio


Mining genomes for biosynthetic pathways

Microbial pathways
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Application to the global 
ocean microbiome



Sunagawa et al. 2015 
Salazar et al. 2019 

Biller et al. 2018 
Acinas et al. 2021

Global ocean metagenomes



A genomic resource for the global ocean

34,799 genomes
8,304 species

microbiomics.io/ocean

Ocean Microbiomics
Database (OMD)

• Reference genomes from isolates (REFs): ~2,000
• Single amplified genomes (SAGs): ~6.000
• Manually curated MAGs: ~1,000

Publicly available

>1,000 Metagenomes

>26,000 MAGs

Bioinformatic
pipeline

>1,000 Metagenomes

34,799 genomes
8,304 species

microbiomics.io/ocean

Ocean Microbiomics
Database (OMD)

• Reference genomes from isolates (REFs): ~2,000
• Single amplified genomes (SAGs): ~6.000
• Manually curated MAGs: ~1,000

Publicly available

>1,000 Metagenomes

>26,000 MAGs

Bioinformatic
pipeline

>1,000 Metagenomes

Recovery of >26,000 
genomes from ~8,000 
species, 2/3 of which 

had not been described

>1,000 metagenomes



A genomic resource for the global ocean

34,799 genomes
8,304 species

microbiomics.io/ocean

Ocean Microbiomics
Database (OMD)

• Reference genomes from isolates (REFs): ~2,000
• Single amplified genomes (SAGs): ~6.000
• Manually curated MAGs: ~1,000

Publicly available

>1,000 Metagenomes

>26,000 MAGs

Bioinformatic
pipeline

>1,000 Metagenomes

34,799 genomes
8,304 species

microbiomics.io/ocean

Ocean Microbiomics
Database (OMD)

• Reference genomes from isolates (REFs): ~2,000
• Single amplified genomes (SAGs): ~6.000
• Manually curated MAGs: ~1,000

Publicly available

>1,000 Metagenomes

>26,000 MAGs

Bioinformatic
pipeline

>1,000 Metagenomes

34,799 genomes
8,304 species

microbiomics.io/ocean

Ocean Microbiomics
Database (OMD)

• Reference genomes from isolates (REFs): ~2,000
• Single amplified genomes (SAGs): ~6.000
• Manually curated MAGs: ~1,000

Publicly available

>1,000 Metagenomes

>26,000 MAGs

Bioinformatic
pipeline

>1,000 Metagenomes

Recovery of >26,000 
genomes from ~8,000 
species, 2/3 of which 

had not been described

>1,000 metagenomes

>7,000 microbial pathways



How novel is that biosynthetic 
potential?
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RefSeq 
~200,000 genomes

1.2 M BGCs

Characterised 
biosynthetic pathways

2,000 BGCs

Comparison to sequenced or characterised BGCs

Kautsar et al. 2020, 2021



Reveals large potential for new compounds

Kautsar et al. 2020, 2021
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Who encodes this potential? Are there 
new BGC-rich lineages to discover?

Helena Klein



Parks et al. 2018
B
A
CTERIA

ARCHAEA

Pe
lag

ibac
tera

les

G
am

m
aproteobacteria

Bacteroidota

Fi
rm
icu

te
s

Actin
obac

teria

Poseidoniia

Halobacterota
Crenarchaeota

8

7

6

54
3

2

1 Taxonomy

Distribution of the ocean’s biosynthetic potential

Euryarchaeota8
Nanoarchaeota7
Cyanobacteria6
Patescibacteria (CPR)5
Chloroflexota4
Planctomycetota3
Rhodobacteraceae2
Myxococcota1

Taxonomy

Synechococcusf
Rhodococcuse
Eremiobacterotad
Planctomycetotac
Tistrellab
Sandaracinaceaea

BGC-rich lineages
(>15 BGCs)



Parks et al. 2018

Distribution of the ocean’s biosynthetic potential

B
A
CTERIA

ARCHAEA

f
e

d
c

b

a

Pe
lag

ibac
tera

les

G
am

m
aproteobacteria

Bacteroidota

Fi
rm
icu

te
s

Actin
obac

teria

Poseidoniia

Halobacterota
Crenarchaeota

8

7

6

54
3

2

1
0
5
10
15
20

30

# BGCs

Taxonomy

Euryarchaeota8
Nanoarchaeota7
Cyanobacteria6
Patescibacteria (CPR)5
Chloroflexota4
Planctomycetota3
Rhodobacteraceae2
Myxococcota1

Taxonomy

Synechococcusf
Rhodococcuse
Eremiobacterotad
Planctomycetotac
Tistrellab
Sandaracinaceaea

BGC-rich lineages
(>15 BGCs)



Parks et al. 2018

Eremiobacterota: unexpected BGC-richness 
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Is this computational approach 
sufficiently powerful to predict new 
enzymology and natural products?

Helena Klein



Characterising two predicted novel
Ribosomal BGCs using:

• Non-standard heterologous expression
• Tandem Mass Spectrometry (MS/MS)
• Isotope labelling
• Nuclear Magnetic Resonance (NMR)
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Experimental characterisation of this potential
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With unique trans amide-N-methylation
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Application to the coral microbiome: 
an endangered treasure trove



The Reef Microbiome Database

>1,500 coral and sponge metagenomes



99% of the species recovered from 
reef-building corals are undescribed



99% of the species recovered from 
reef-building corals are undescribed

Many of which are candidate super-
producer species



99% of the species recovered from 
reef-building corals are undescribed

Many of which are candidate super-
producer species

Leading to the discovery of new 
bioactive compounds and enzymology
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Helena Klein

Unveiled uncharacterised BGC-rich 
lineages for the discovery of new pathways 
and compounds

Unlocked the biosynthetic potential of 
the ocean and coral microbiome

Manifold consequences of current 
and projected reef biodiversity loss
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