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● Human: More bacterial cells than human cells

● Agriculture: Beneficial or pathogenic

● Environment: Global elemental cycles

Microbial communities are ubiquitous

Jakus et al. (2021) Environmental Microbiology

Glodowska et al. (2021) Journal of Hazardous Materials

As immobilization As mobilization
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Extract RNA

Total community RNA

Metagenomics

Metatranscriptomics

Amplicon sequencing

Extract DNA

Total community DNA

or any other gene/fragment!rRNA gene amplicon

PCR

Microbial 
community

Amplicon sequencing
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The 16S rRNA gene is a good marker for bacteria

● Prokaryotes have 16S & 5S & 23S rRNA, eukaryotes 18S & 28S & 5.8S & 5S rRNA

● The 16S rRNA gene has conserved but also highly variable regions

● Variable regions of the 16S rRNA gene allow the discrimination of many bacterial taxa

RNA

Ribosome

16S rRNA
~1500 bp

Peptide
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Error accumulation during library prep and sequencing

Callahan et al. (2016) Nature Methods

OTU: Operational taxonomic unit
ASV: amplicon sequencing variant

amplicon readssample 
sequences

Make ASVs

OTUs

Make OTUsErrors
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Straub et al. (2020) Frontiers in microbiology

Reference:
27 bacterial strains with 
35 expected amplicons 
(16S rRNA, V4 region)
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ASV-based DADA2 seems best compromise

Straub et al. (2020) Frontiers in microbiology

ASV-
based

OTU-
based

 Mothur QIIME1 QIIME2 MEGAN

99a 97 a 99 a 97 a DADA2b Deblurb

Precision (%)
1 ±1 6 ±3 2 ±2 3 ±3 49 ±18 72 ±13 n.d.

Sensitivity (%)
69 ±7 72 ±11 87 ±6 87 ±6 85 ±12 71 ±25 n.d.

Taxonomyc
49 ±23 49 ±22 63 ±18 63 ±19 77 ±8 80 ±9 44 ±27

Shannon indexd

-11 ±12 -16 ±19 28 ±23 28 ±23 -6 ±5 -13 ±13 -30 ±17
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Amplicon sequencing: nf-core/ampliseq v2.1.1

https://nf-co.re/ampliseq

QC
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Amplicon sequencing results: Tables, figures, statistics

https://nf-co.re/ampliseq

Beta diversity plots

Alpha-rarefaction

https://nf-co.re/ampliseq/results
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Recovering genomes of microbial communities

Metagenome

Reads
Sequencing

- Read length
- Depth
- Errors 

Contigs Assembler

Metagenome-assembled 
genomes (MAGs) Binning method

Diversity
Similarity
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Metagenome assembly: 
nf-core/mag v2.1.0

Input data:
- Illumina (SE/PE)
- Nanopore

One to many samples

https://nf-co.re/mag

QC QC

Krakau et al. (2021) bioRxiv

https://doi.org/10.1101/2021.08.29.458094
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Assembly statistics

https://nf-co.re/mag/results, using QUAST & MultiQC: Ewels et al. (2016) Bioinformatics

https://nf-co.re/mag/results


|  14

MAG summary includes depth, completeness and taxonomy
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Quantification of gene transcripts
What are active processes (under each condition)?

How are organisms adapting their gene expression?

Quantification

Contigs
(Assembly)

Genome(s)

OR

OR
Gene 

sequences

& Gene 
coordinates

Reference sequences

RNA-Seq reads

Transcript measurements
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Shotgun metatranscriptomics 
nf-core/rnaseq v3.4

• Read quality control

• Adapter and quality trimming

• Removal of ribosomal RNA

• Alignment and quantification

• Quality control

https://nf-co.re/rnaseq

Differential transcript abundances with DESeq2
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Usual workflow → Ignores the underlying gene/genome abundances

Differential transcript abundance / gene expression

Genomes

Transcripts

RNA trend

Condition 1 Condition 2
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Metagenomics – metatranscriptomics pairs

● What are active processes under each condition?

○ Transcript abundances: How many transcripts per 

condition

● What are organisms doing under each condition? How 

are organisms adapting their gene expression?

○ Gene expression: Transcript abundances per cell/genome 

per condition

Genomes

Transcripts

Gene 1 Gene 2
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Total community RNA

Metagenomics

Metatranscriptomics

Amplicon sequencing

Extract DNA

Total community DNA

or any other gene/fragment!rRNA gene amplicon

PCR

Microbial 
community

>3000 samples

>150 samples

>50 samples

Total 15 publications
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Thanks for your attention!

Sabrina Krakau
Alexander Peltzer
Gisela Gabernet
Sven Nahnsen


