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Extraction for Oxford Nanopore

• Sample material:
Cerebrospinal fluids and joint fluids

• Extraction kit:
TANBead Gram Bacteria DNA

• Pretreatment according to the kit:
Samples are incubated with
Proteinase K and Lysozyme
at 56℃ for 25 min

• Maelstrom 4810 Automated Nucleic Acid Extractor,
TANBead
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Content overview

• Introduction

• Session 1: 16S sequencing 
background and analysis tools

o Part 1: Background: 16S biology, 
Nanopore sequencing

o Part 2: Open-source tools for ONT 16S 
sequencing data analysis

o Intro to exercises

• Session 2: Interpretation of results
o Part 1: Reporting, alignment quality 

metrics

o Part 2: Clinical interpretation

o Recap of exercises
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Session 2

Interpretation of results
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Aim and learning objectives

Aim 

This session covers the reporting and interpretation of Nanopore full-length 
16S rDNA sequencing results, focusing on how findings are presented and 
assessed for confidence and clinical relevance.

Specific learning objectives

At the end of this session, you will be able to:
• Understand how the reporting tools in TranaVy helps guide interpretation
• Understand how to compare sample findings against negative controls and spike-ins 

to guide interpretation
• Understand how to evaluate confidence in species predictions using probability 

metrics
• Understand how to interpret raw alignment metrics and their limitations
• Recognize some situations where species-level assignment is uncertain
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Code of conduct

This training environment is a safe space where we:

- Use respectful language;

- Practice empathy among ourselves;

- Critique ideas, not individuals;
- Respect the right to be silent;

- Favour open dialogue where there are no “stupid” questions;

- Welcome expression of all views in an inclusivity spirit.
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ECDC has zero tolerance policy for harassment, 

discrimination and infringement of the Training Code of conduct 

https://learning.ecdc.europa.eu/mod/page/view.php?id=303?mtm_campaign=evaredirection
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Why is the 16S rRNA gene good 
to use for bacterial 
identification?

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
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In which situations can 16S sequencing be 
especially useful compared with traditional 
culture methods?

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
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What is EMU?

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
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What is the role of TRANA in 
Nanopore 16S analysis?

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


TranaVy https://github.com/kclinmicro/TranaVy

• Reporting tool for generating 

static HTML reports from results 

produced by the TRANA pipeline

• Complementary to KRONA output
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TranaVy

• Main features
• Identifiers

• Summary statistics

• Abundance tables
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Spike 
species



TranaVy

• Main features
• Identifiers

• Summary statistics

• Abundance tables

• Sample and negative control 
side-by-side comparison
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Significant 
species



TranaVy

• Normalized abundance ratio
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𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 = ൚

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑠
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑠

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑐
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑐

Where _𝑠 signify in sample and _𝑐 signify in control  



TranaVy

• Normalized abundance ratio
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𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 = ൚

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑠
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑠

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑐
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑐

Where _𝑠 signify in sample and _𝑐 signify in control  

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 = ൙

33.67
6.58

?
?

= ?



TranaVy

• Normalized abundance ratio
• Cut-off value: 25

24

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 = ൚

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑠
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑠

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑒𝑐𝑖𝑒𝑠_𝑐
𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑠𝑝𝑖𝑘𝑒_𝑐

Where _𝑠 signify in sample and _𝑐 signify in control  

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 = ൙

33.67
6.58

0.47
5.38

= 58.57



TranaVy

• Customization
• Spike species

• Cut-off value for normalized 
abundance ratio

• Optional metrics:
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--probability-scores, -p
--alignment-metrics, -m
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--probability-scores, -p
--alignment-metrics, -m
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Why do we use the spike abundance when 
comparing species abundance across sample 
and negative control?

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


Probability scores

• Data for this is already available in the Emu output 
(in *_read-assignment-distributions.tsv, see below)

• Reflects the probability, per read, after Emu's processing
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Probability scores

Calculating median probability:

• For each species s1, in the order of 
decreasing total abundance:

o Select reads with a non-null, non-zero 
species assignment

o For each of these reads, take the 
median of probabilities for the initially 
selected species s1

Plotting probability distribution:

• For each species, in the order of 
decreasing total abundance:

o Extract reads with a non-null, non-
zero species assignment

o For each species for which these 
reads have values (can be more than 
one), plot a histogram
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Median/mean probability score

• Surfaces cases where the abundance is spread 
across multiple closely related species

• Highlights how the abundance in Emu is a 
combination of probability per read,
and number of supporting reads
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Raw alignment quality metrics
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bM = matched bases

bX = mismatched bases

bI = inserted bases

bD = deleted bases

bS = soft-clipped bases

bquery = query bases

breference = reference bases

Mis-
matches

MismatchesInsertions InsertionsDeletions Deletions Soft-clip



Raw alignment metrics as distributions
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Reminder: Emu aligns all 
reads against all 
sequences in the 
database, resulting in 
a set of alignments rather 
than a single alignment.



Raw Alignment Metrics

• Raw alignment metrics
oMedian percent identity
oMedian percent coverage (span)

• Calculated on raw alignments 
=> ONT errors not removed
(lower identity expected)
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Warning sign image By Devriesx - Own work, CC BY-SA 4.0, 
commons.wikimedia.org/w/index.php?curid=112565548

https://commons.wikimedia.org/w/index.php?curid=112565548​


Some things to keep in mind

• Indels currently counted in 
bases

• Counting in events might have 
benefits in some cases

• BLAST percent identity skips 
indels altogether
o Counts only percent matching 

of "aligned" bases - bases with 
a corresponding base on the 
other sequence
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Within-species variation in the Emu database
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Example: Listeria monocytogenes



Slido poll
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What is one typical pattern to 
be suspicious about in Emu 
results?

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


Slido poll
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Why do we need to take the 
median value of metrics from 
Emu?​

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


The emutools library

• Collects various scripts for troubleshooting 
& visualization of Emu output

• github.com/kclinmicro/emutools
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Early-release software:
Rough edges expected!

Warning sign image By Devriesx - Own work, CC BY-SA 4.0, 
commons.wikimedia.org/w/index.php?curid=112565548

https://github.com/kclinmicro/emutools​
https://github.com/kclinmicro/emutools​
https://commons.wikimedia.org/w/index.php?curid=112565548​


Sometimes just some sorting and coloring reveals a lot
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samtools view sample01<...>.aln_human.bam | sort –k 10,10 | head –n 100 | sek sam | column –t –s $'\t' | less -S

Tool used for coloring: github.com/samuell/sek



In summary

List of learning points in this session:

• Report interpretation requires more than abundance alone

• Negative controls are essential for identifying true findings

• Spike-normalized abundance ratios help prioritize relevant species

• Probability scores helps surface uncertain species level predictions

• Alignment-based metrics add further information to help spot 
uncertain species predictions

• Emu might distribute abundance on more than one closely related 
species in some situations
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Recommended material to explore further

• Aja-Macaya, Pablo, 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.

• Brunet, Sofia, et al. 2025. “Nationwide Multicentre Study of 
Nanopore Long-Read Sequencing for 16S rRNA-Species 
Identification.” European Journal of Clinical Microbiology & 
Infectious Diseases 44 (8): 1907–16. 
https://doi.org/10.1007/s10096-025-05158-w.
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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
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
https://doi.org/10.1007/s10096-025-05158-w
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Break till 10:25

Don’t leave this meeting
Just turn off the camera
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Reusing this content

46

You are free: 
 to share – to copy, distribute and transmit the work 
 to remix – to adapt the work 

Under the following conditions; you must attribute the work in the manner specified by the 
author or licensor but not:

• in any way that suggests that they endorse you or your use of the work
• in any way that suggests you are author of the work.

This work is licensed under the Creative Commons (http://creativecommons.org)
Attribution 4.0 Generic license

The authors of this slide/page encourage educators, trainers, and professionals to include this 
slide within their documents and presentations for rightful attribution of their works and thus 
also allow it to be easily shared. (ECV1-29/9/11) 

Terms of usage (Learning Portal)

http://creativecommons.org/
https://learning.ecdc.europa.eu/mod/page/view.php?id=39796
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