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Metabarcoding processing and analysis pipelines

1. From raw-reads to OTU-table

2. Statistical analysis (examples) 

fastq file
Q30 -

+ +

Poudel et al 2016; Castle et a l 2019; Bullington et al 2021

Network Fold change Ordination (CCA) Richness and Shannon

https ://benjjneb.github.io/dada2/tutorial_1_6.html, Hosseini et al, 2016;

https://benjjneb.github.io/dada2/tutorial_1_6.html
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Structure of the amplicon (sequencing read)

Metabarcoding – different indexes allows the sequencing of multiple samples at once Lundberg et al 2013, Caporaso et a l 2011,  

Illumina flow cell
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red star: sequencing error Hugerth and Andersson 2017
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Estimation of the taxonomic unit of analysis (De novo)



Estimation of the taxonomic unit of analysis (De novo)

yellow star: single nucleotide difference
red star: sequencing error Hugerth and Andersson 2017

Algorithm:

Single nucleotide difference

97% similarity

99% similarity Hakimzadeh et al 2023



Denoising and error correction

Edgar, 2016 https://doi.org/10.1101/081257
*zOTUs (zero radius) or ESV (exact sequence variant)



ASVs or OTUs?



ASVs or OTUs?

“ASVs are identical denoised reads with as few as 1 base pair difference between variants, representing 

an inference of the biological sequences prior to amplification and sequencing errors (Callahan et al., 

2017)”.

OTUs represent clusters of sequences based on a specified similarity threshold. One sequence 
representative is chosen for further analysis. 

Does the pipeline incorporate denoising and error correction?

Antich etal 2021, Hakimzadeh et al 2023

5 OTUs

16 ESVs



ASVs or OTUs?

“ASVs are identical denoised reads with as few as 1 base pair difference between variants, representing 

an inference of the biological sequences prior to amplification and sequencing errors (Callahan et al., 

2017)”.

OTUs represent clusters of sequences based on a specified similarity threshold. One sequence 
representative is chosen for further analysis. 

Does the pipeline incorporate denoising and error correction?

What similarity threshold to cluster with?
• Which marker gene did you use?
• What is your desired taxonomic resolution? 

5 OTUs  after denoising and error correction

Antich etal 2021, Hakimzadeh et al 2023



Relationship between gene region variability, % similarity, and ‘genome splitting’

Schloss, 2021

FIG 1 The distance threshold required to prevent the splitting of genomes into 
multiple OTUs increased as the number of rrn operons in the genome 
increased. Each line represents the median distance threshold for each region 
of the 16S rRNA gene that is required for 95% of the genomes with the 

indicated number of rrn operons to cluster their ASVs to a single OTU. The 
median distance threshold was calculated across 100 randomizations in which 
one genome was sampled from each species. Only those numbers 
of rrn operons that were found in more than 100 species are included.



From raw-reads to OTU-table

Normalized 
data

ITS-extraction

Decontamination

Perez-Cobas et al 2020



Taxonomic classification and databases

Bacteria

Firmicutes

Bacilli

Bacillales

Bacillaceae

Bacillus

Bacillus subtilis

Example

>ASV1 
GAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGTGAAGCAG
GAGCTTGCTCTTGTGGATCAGTGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCGAACTCTGGGA
TAAGCGCTGGAAACGGCGTCTAATACTGGATATGCACCAGGGAGGCATCTTCACTGGTGGGAAAGATTTT
TTGGTTCGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCGTCGACGGG
TAGCCGGCCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGGAAGCCTGATGCAGCAACGCCGC

Classification

*depends on the taxonomic resolution of your marker gene (and its length)



Taxonomic classification and databases

Bacteria

Firmicutes

Bacilli

Bacillales

Bacillaceae

Bacillus

Bacillus subtilis

Example

>ASV1 
GAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGTGAAGCAG
GAGCTTGCTCTTGTGGATCAGTGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCGAACTCTGGGA
TAAGCGCTGGAAACGGCGTCTAATACTGGATATGCACCAGGGAGGCATCTTCACTGGTGGGAAAGATTTT
TTGGTTCGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCGTCGACGGG
TAGCCGGCCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGGAAGCCTGATGCAGCAACGCCGC

Classification

*depends on the taxonomic resolution of your marker gene (and its length)

Tree building (all ASVs)



Ribosomal markers as taxonomic barcodes

Nilsson et al 2010

Eukarya (Fungi, Nematodes, Protists, Plants)

30S 50S

40S 60S

Bacteria (chloroplast, mitochondria)

1500bp

V3-V4



Things to look for in a pipeline

- Different quality control steps:
- Sequence length (trimming)
- Low quality reads (filtering)
- Deal with sequencing errors 

(denoising/error correction)
- Homopolymers
- Chimeras

- OTU vs SV 
- Deal with controls 

- Documentation
- Format/compatibility with downstream 

analysis

FASTQ – quality profile plot

https ://benjjneb.github.io/dada2/tutorial_1_6.html



Negative controls and identifying contaminants

http://www.biomedcentral.com/1741-7007/12/87 
con=template free PCR

Contaminants in low biomass samples



Technical replicates or other standards

Experiment design



https://www.zymoresearch.com/pages/microbiome-standards

Mock communities 
and positive 
controls
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Analysing and interpreting your data

Metadata 
Normalized 
data

*phyloseq object



Which analyses to apply?

Alpha-diversity: within a community 

Richness
Evenness
Phylogenetic diversity
…

Beta-diversity: between communities

Similarity/dissimilarity indices
E.g: Bray-Curtis, Unifrac…

Co-occurrence and interactions between 
microbes; and correlation with 
environmental variables

Differential abundance tests

Poudel et al 2016; Castle et a l 2019; Bullington et al 2021



What is your question and hypothesis?

McMurdie, Paul J., and Susan Holmes. “Waste Not, Want Not: 
Why Rarefying Microbiome Data Is Inadmissible.” PLoS Comput 
Biol 10, no. 4 (2014): e1003531.

Weiss, Sophie, Zhenjiang Zech Xu, Shyamal Peddada, 
Amnon Amir, Kyle Bittinger, Antonio Gonzalez, Catherine 
Lozupone, et al. “Normalization and Microbial Differential 
Abundance Strategies Depend upon Data Characteristics.” 
Microbiome 5, no. 1 (March 3, 2017): 27. 
https://doi.org/10.1186/s40168-017-0237-y.

To normalize or not?

Schloss PD. 2024. Waste not, want not: revisiting the 
analysis that called into question the practice of 
rarefaction. mSphere 9:e00355-
23.https://doi.org/10.1128/msphere.00355-23

https://doi.org/10.1186/s40168-017-0237-y
https://doi.org/10.1128/msphere.00355-23


Klappenbach et al 2000

Variation in RNA operon copy number





Zinger etal 2019
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