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Session 1 Part 2

Open source tools for 16S analysis
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Aim and learning objectives

Aim 

This session covers Nanopore full-length 16S rDNA sequencing for bacterial 
identification and community profiling, focusing on the bioinformatics part  – from 
quality control and taxonomic classification to reporting - using the EMU algorithm 
and TRANA pipeline.

Specific learning objectives

At the end of this session, you will be able to:
• Process Nanopore 16S rDNA data from raw reads to taxonomic profiles

• Describe EMU's probabilistic read assignment and expectation-maximization approach

• Explain the TRANA pipeline's main stages: QC, filtering, classification, and reporting

• Understand abundance tables and KRONA-based visualizations
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Part 2: The Emu tool and the Trana pipeline

Tools for analysis of Nanopore 16S rDNA data:

• Emu – Abundance estimation tool

• Trana - Emu-based pipeline

• TranaVy - Reporting tool for Trana
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The Emu tool

• Aligns every read separately to a full-
length 16S reference database

• Computes likelihood for each read-
species pair, keeping the best scoring 
reference sequence within each 
species

• Calculates and uses a probabilistic 
model of ONT sequencing errors to 
score alignments

• Iteratively applies an expectation 
maximization algorithm to refine both 
the overall species abundances and 
the probability estimate of different 
species for each read
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Image: Generated 
with ChatGPT / Dall-E 
based on a detailed 
description of the 
process. The image 
has been manually 
verified  for accuracy.



Emu algorithm in depth
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Image source: Curry et 
al., Emu: Species-Level 
Microbial Community 
Profiling for Full-Length 
Nanopore 16S Reads, 
bioRxiv (2021), 
https://doi.org/10.110
1/2021.05.02.442339, 
CC BY-ND 4.0

https://doi.org/10.1101/2021.05.02.442339
https://doi.org/10.1101/2021.05.02.442339
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How does Emu handle Nanopore 
sequencing errors?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


OTUs vs Emu approach

Classical OTU approach
(OTU = Operational Taxonomical Unit) 

• Approach: Clustering and 
creating consensus sequences for 
alignment with database

• Pros: Easier interpretation of accuracy

• Cons: Information lost in the consensus 
sequence generation

Emu approach

• Approach: Align individual reads against 
database. Using stats on errors and an EM 
algorithm to optimize species probability per 
read

• Pros: Better accuracy for Nanopore data

• Cons: More computationally demanding +  
somewhat more complicated accuracy metrics
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Image: By Dr. Benjamin Callahan - Dr. Benjamin Callahan- powerpoint presentation,
CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=95743551
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What is the main benefit of Emu 
compared to classical OTU-
based approaches?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Emu computational requirements

• Ca 0.4 - 0.5 (CPU) core seconds / read

• For a sample with 30k reads, this is a little more 
than 4 core hours

• For 10 samples, that is ca 42 core hours

• Spread on 8 cores gives ca 5 hours in total

• Majority of time spent on the alignment step 
(minimap2), so parameters to minimap can 
affect runtimes.

• Note: These are very rough estimates, and 
differs wildly based on CPU model, sample type 
and minimap2 settings.
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Image © Raimond Spekking

CC BY-SA 4.0 (via Wikimedia Commons)

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/


The TRANA pipeline

• A Nextflow pipeline based on the Emu software
(github.com/treangenlab/emu)

• Initially created by Frans Wallin and subsequently 
developed collaboratively by Frans, Ryan Kennedy & others 
within the Genomic Medicine Sweden (GMS) collaboration

• Available open source on GitHub:
https://github.com/genomic-medicine-sweden/TRANA
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http://github.com/treangenlab/emu
http://github.com/treangenlab/emu
http://github.com/treangenlab/emu
https://github.com/genomic-medicine-sweden/TRANA​
https://github.com/genomic-medicine-sweden/TRANA​
https://github.com/genomic-medicine-sweden/TRANA​
https://github.com/genomic-medicine-sweden/TRANA​
https://github.com/genomic-medicine-sweden/TRANA​


Trana resource requirements
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Quality control

fastqc - Quality metrics of e.g. 
distribution of length of reads 
distribution, GC content, quality 
scores etc.

Nanoplot (unprocessed)

Summary statistics

Plots of e.g. length vs 

quality
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Adapter trimming

Cutadapt – trimming adapters on short read 
sequencing data

Porechop_abi – trimming adapters on long read 
sequencing data
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--adapter_trimming  (default: false) 



Quality and length filtering, downsampling

Filtlong - Filtering based on read length and quality

Nanoplot (processed)

Seqtk - Downsampling
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--quality_filtering \
--longread_qc_qualityfilter_minlength 1200 \
--longread_qc_qualityfilter_maxlength 1800 \

--downsample_n_reads 5000



slido
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What do you think is a good 
number of reads to downsample 
to?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Taxonomic classification

EMU abundance – Runs the abundance 
estimation

Phyloseq object – Combines abundance 
output files into R structure

MultiQC – Generates HTML report from 
multiple analysis output
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OUTPUT

Wide range of output files

Metagenomics output:

• Bacterial community profile

• Reported in abundances

• KRONA plots

22R logo Creative Commons Attribution-Share Alike 4.0 International license.

https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en


KRONA

Abundances displayed in 
percentages for species with 
hierarchical order, allowing to 
zoom in on taxon groups at any 
level (order, genus, species etc)

The primary tool used by 
clinicians to explore and visualize 
the abundance estimates

github.com/marbl/Krona/wiki
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https://github.com/marbl/Krona/wiki


TranaVy 
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• Small reporting tool for generating 

static HTML reports

• Developed as an extension to the 

TRANA pipeline at Clinical 

microbiology, Karolinska University 

Hospital

• Available open source on GitHub:

github.com/kclinmicro/TranaVy

https://github.com/genomic-medicine-sweden/TRANA​


TranaVy

• Complementary to KRONA output
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Bartender

A simple graphical user interface 
for generating a TRANA 
compatible barcode-sheet in a 
valid format, with features to 
simplify use with hand scanners 
(auto-jumps to next field etc)

Runs as a native app on the 
GridIon instrument computer

Open source and available at:
github.com/kclinmicro/bartender 
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https://github.com/kclinmicro/bartender
https://github.com/kclinmicro/bartender
https://github.com/kclinmicro/bartender


In summary

List of learning points in this session:

• EMU enables species-level profiling of Nanopore 
full-length 16S data

• EMU improves taxonomic resolution compared 
with classical OTU approaches

• TRANA provides an automated, open-source 
workflow for Nanopore 16S analysis

• Beyond Emu, it adds steps for Quality 
control, filtering and reporting and visualisation

• Krona and TranaVy support visualization, 
interpretation, and reporting of abundance 
estimates
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Recommended material to explore further

• Kristen D. Curry et al.,
“Emu: Species-Level Microbial Community Profiling of Full-Length 
16S RRNA Oxford Nanopore Sequencing Data,”
Nature Methods, June 30, 2022, 1–9,
https://doi.org/10.1038/s41592-022-01520-4

• Aja-Macaya, et al. 2025. 
“Nanopore Full Length 16S rRNA Gene Sequencing Increases Species 
Resolution in Bacterial Biomarker Discovery.”
Scientific Reports 15 (1): 26486. https://doi.org/10.1038/s41598-025-10999-8.
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https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41592-022-01520-4
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
https://doi.org/10.1038/s41598-025-10999-8
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