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Reference-dependent vs Reference-free analysis

OUTPUT RRF-dependent REF-free

Representative 

sequences

No Yes

Phylogenetic tree No Yes

Per-read query against a 

known database:

• Limited by database

• No OTUs

The consensus from built 

clusters:

• Clustering by identity, etc.
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Sequencing errors

PCR >>> 

More errors in the 

end

Bio-pore >>> 

Random error
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Molecule-level 

correction

ONT Duplex

PacBio Circular Consensus Sequencing 

(CCS)
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Specialized library preparation with e.g., UMI

Molecule-level correction

https://www.nature.com/articles/s41592-020-01041-y
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Clustering-based correction

https://www.nature.com/articles/s43247-021-00199-3

Metagenomics: microbes in uneven abundance

UMI -> different template (including the phylogenetically same one)
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Troubles with long-read alignment

• Pairwise alignment

Time complexity

O(C(n,2)/2)=O(n!(n-1)!/2)

For amplicons, n can be millions if reads are pooled.

• Noisy alignment with long reads

The relatively high error rate in relatively long reads

Clustering-based correction
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• Computers prefer k-mers than text: blast, binning

• Unique k-mer patterns between genomes

atcga tcgac … cgaaa

read1 1 6 7

read2 3 1 3

…

readn 5 2 2

K-mers binning



Pre-cluster: Use 5-kmer profiles to bin ONT reads
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atcga tcgac … cgaaa

read1 1 10 3

read2 1 10 4

…

readn 1 10 3



Raw read
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Take blast result as an example

Raw reads within the cluster



Denoised consensus
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Take blast result as an example 

Polished consensus
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De novo OTU picking 

from long amplicons 

with LACA



LACA: an automatic workflow for 

Long Amplicon Consensus Analysis
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• Github: https://github.com/yanhui09/laca 

https://github.com/yanhui09/laca
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Use NART for long 

amplicon profiling by 

read classification



NART: A tool for Nanopore Amplicon 

Real-Time analysis
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• Github: https://github.com/yanhui09/nart

• Demo video: 

https://www.youtube.com/watch?v=TkdJGLOsc

Pg 

https://github.com/yanhui09/nart
https://www.youtube.com/watch?v=TkdJGLOscPg
https://www.youtube.com/watch?v=TkdJGLOscPg
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Directed Acyclic Graph (DAG)



Raw read
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Lowest Common Ancestor by read classification (minimap2lca, blast2lca)

Limosilactobacillus fermentum
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Emu:

Species-level abundance estimation 

through an expectation–maximization 

algorithm

https://www.nature.com/articles/nbt1406

https://www.nature.com/articles/s41592-022-01520-4



nart &nawf
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Usage
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RT-philosophy
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ONT sequencing and basecalling in batches

• nart monitor => fqs.txt (record fastq files)

• nart run => nawf (start the workflow in batches & 

update the feature table)

• nart visual => interactively visualize profiles.



tExercises



Exercise
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• MAC2023: 

https://yanhui09.github.io/MAC2023/ 

Cross-platform 

support, incl. MacOS

Linux/amd64 platform

https://yanhui09.github.io/MAC2023/
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Thanks
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