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Intended Learning Objectives

Specific objectives of this session:

1. Learn how to perform quality control of Nanopore data

2. Learn about genome assembly using Nanopore data
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Outline

This session consists of the following elements

1. Perform quality control of Nanopore reads
o Filter Nanopore reads based on length and quality

2. Introduction to genome assembly steps
o Reads correction

o Assembly

o Polishing assembly

o Assessment of assembly quality
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Step 1: DNA/RNA extraction

Step 2: Library preparation
Step 3: Sequencing

Step 4: Data analysis
Step 1: Basecalling, QC

4



Basecalling

Sequencing signal

Nucleotidic sequences (fastq/bam)

Basecalling

Fastq files (reads)

https://www.researchgate.net/publication/340832159_The_third_generation_sequencing_The_advanced_approach_to_ge
netic_diseases
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Basecalling

• Converting signals into sequences

• Deep learning algorithms

• Several basecalling models:

o fast, 

o high accuracy (HAC), 

o super high accuracy (SUP)

Dorado
Pod5

BAM Fastq

6https://github.com/nanoporetech/dorado

https://github.com/nanoporetech/dorado


Basecalling

Model Speed Accuracy Application

Fast Very fast Average accuracy

Real-time sequencing, 

fast applications 
(clinical..)

High Accuracy (HAC) Medium High
Genomic studies, 

analysis of variants

Super Accuracy (Sup) Slow Very high

Metagenomics, 

applications requiring 
maximum precision

Basecalling models
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Slido
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Nanopore run outputs

sequencing summary file: necessary for basecall and 

quality control tools

Pass files contain reads with a higher quality score than the one 

specified at the start of the run.

9



Quality control - Nanopore report
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Reads with a quality score higher than 10, will be in the pass 

folder, and those lower than the threshold will be in the fail folder.​



Quality control - Nanopore report
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N50: shortest read length such that 50% of the total 

length is made up of sequences that are at least that 

long.

N50

50% of sequenced 

data



Visualising reads/runs quality

- Several tools :

o Nanoplot

o PyqoQC

o MinionQC

o ToulligQC

o ...
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https://github.com/GenomiqueENS/toulligQC

https://github.com/a-slide/pycoQC

https://github.com/roblanf/minion_qc

https://github.com/wdecoster/NanoPlot

https://github.com/GenomiqueENS/toulligQC
https://github.com/a-slide/pycoQC
https://github.com/roblanf/minion_qc
https://github.com/wdecoster/NanoPlot


Visualising reads/runs quality

• Can be run with fastq or bam files

• Requires the complete sequencing summary

• Interactive plots

https://github.com/a-slide/pycoQC

pycoQC -f sequencing_summary.txt -a [bam_file / fastq_file] -o pycoQC_output.html
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https://github.com/a-slide/pycoQC


PycoQC
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PycoQC
Basecalled read length
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Run 1

Run 2



PycoQC
Basecalled reads PHRED quality
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Run 1

Run 1
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PycoQC Basecalled read length vs reads PHRED quality
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Run 1

Run 2



Slido
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PycoQC

Output over experiment time
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PycoQC

Distribution of reads across barcodes
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Data filtering

• How do we filter our data?

Two major criteria:

Quality of reads

Length of reads
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Data filtering

Quality
• Default threshold when run is launched (can be modified): 7

• Can be more stringent

Length

• A default threshold can be defined when the run is launched

• Depends on the type of analyses and manipulations carried out beforehand

• Ampliseq: short fragments
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Nanofilt NanoFilt -l 500 –q 10 reads.fastq > reads_filtered.fastq

https://github.com/wdecoster/nanofilt

filtlong filtlong --min_length 1000 --min_mean_q 12 reads.fastq > filtered.fastq

seqtk
seqtk seq -L 1000 input.fastq > output_min1000.fastq

https://github.com/rrwick/Filtlong
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Data filtering tools

https://github.com/lh3/seqtk

General tool for fatsq/fasta filtering 

based on length, or subsampling ...

https://github.com/wdecoster/nanofilt
https://github.com/rrwick/Filtlong
https://github.com/lh3/seqtk


Slido
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Genome assembly with Nanopore data

What is assembly ?

Sample: DNA 

extraction

Library preparation 

and sequencing

Assembly

https://www.hudsonalpha.org/sequencing-from-scratch-reference-genomes-and-de-novo-sequence-assembly/
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• Genome assembly is the construction of a consensus sequence from scratch 

(reads) by finding overlapping regions.



Contigs, scaffolds definition

https://www.france-genomique.org/expertises-technologiques/genome-entier/

Overlapping reads

Contig assembly

Scaffold assembly
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• Contig is a set of DNA sequences (reads) that overlap in a way that provides a 

continuous representation of a genomic region with no gaps in between. ​

• Scaffold is composed of contigs linked together by gaps represented by N in the 

final sequence. 



Millions of reads
Final assembly

- need to find overlapping words to assemble two parts of the paper (overlapping reads)
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- repeats (same text written more than once in the page) --> very long reads​

- erased words or misspelling errors (handwritten) (= sequencing errors) --> reads 

correction + high coverage​

- some parts are missing (= low coverage) --> high coverage​

Assembly limitations



Most of cases (depending on genome complexity)

reads

Perfect assembly

Low/heterogenous coverage creates gaps

Repeated regions are assembled together, 

the size of the assembly is reduced
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Repeat 2Repeat 1

Repeats 1,2 

collapsed

gap 1 gap 2

Assembly limitations

Reality 



Nanopore data advantages

Resolving assembly errors with Nanopore data

• Long reads (up to 1Mb) --> solve repetitions problems

• Decrease % of errors thanks to the last versions of basecalling and the new flowcells.

• Highest yield with last flowcells (Promethion) --> solve low coverage gaps

https://bioinformatics.stackexchange.com/questions/2726/what-is-deep-sequencing

Sequencing depth vs coverage

29

• Depth of coverage (how many times each 

base is sequenced)​

• Breadth of coverage (the percentage of the 

genome that is covered by reads)​



Assembly types

Two types of assembly :

- Denovo assembly (exploratory approach)

- Reference based assembly (existing reference)

https://en.wikipedia.org/wiki/Sequence_assembly
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Assembly algorithms

Several genome assembly algorithms have been used :

• OLC (Overlap Layout Consensus)

• DBG (de Bruijn graph)

• string graph

• repeat graph

• ...

The most used ones are OLC and DBG (for short reads).
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Overlap Layout Consensus (OLC)

https://link.springer.com/content/pdf/10.1007/s40484-019-0166-9.pdf

Overlap discovery 

between all reads

Layout (Building a 

Graph)

Consensus

Reads are compared pairwise to find overlaps.

A graph is constructed where:

• Nodes represent sequencing reads
• Edges represent the overlaps between them

The algorithm derives a final consensus sequence, assembling 

the genome.
* where one node is visited only once (Hamiltonian path).
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Slido
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Reads correction

Assembly

Polishing 

assembly

Quality 

assessment
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Assembly steps



Before assembly: read correction

dorado correct {raw_reads} > {output.fasta}

Uses Herro model

Necat: error correction and de-novo assembly tool for Nanopore long noisy 
reads. 

*Requires a config file (see documentation)
*Only corrects longest 40X 

Canu: assembly + read correction​​

necat.pl correct {config.txt}

Dorado correct

canu -correct -p {prefix} -d {output_dir} genomeSize=4.8m -nanopore 
{fastq}

• Keeps only reads > 10kb
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• Read correction helps improve assembly quality by filtering and refining sequencing data. 

• Canu and NECAT, include a built-in read correction step before performing the actual 

assembly

Dataset of very long 

reads



Reads 

correction

Assembly

Polishing 

assembly

Quality 

assessment
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Assembly steps



• Unicycler (prokaryotes)​

https://github.com/rrwick/Unicycler

• Autocycler (prokaryotes)​

https://github.com/rrwick/Autocycler/wiki

Commonly used assemblers

• Canu 

https://github.com/marbl/canu

• Flye

https://github.com/mikolmogorov/Flye

• Nextdenovo

https://github.com/Nextomics/NextDenovo

• Necat

https://github.com/xiaochuanle/NECAT
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Canu

canu -p {output_prefix} -d {output_directory} genomeSize=4.8m maxInputCoverage=100 -nanopore reads.fastq

• Supports Oxford Nanopore & PacBio long reads 

• Can assemble eukaryotic and prokaryotic genomes

• Uses an OLC graph

• Three steps:

o Correction

o Trimming

o Assembly

• Input: fastq/fasta files

• Assembly is not deterministic, different assemblies with the same parameters and 
data.

• Limitation: can be very slow, does not include circularization, 
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Flye
flye --nano-raw {reads.fastq.gz} --out-dir {output_directory}

Option Error rate Data type

--nano-raw < 20% Raw reads

--nano-corr < 3% Corrected reads (ex: canu)

--nano-hq < 5% High quality reads (Q20)

• Supports Oxford Nanopore & PacBio long reads 

• Can assemble eukaryotic and prokaryotic genomes

• Uses a repeat graph (allow approximate sequence matches) for assembly 

• Special mode for metagenomes (handles uneven coverage) 

• Designed for raw reads (tolerates high sequencing noise) 

• Include circularization (bacterial genomes)

• Limitation: May fail with very high coverage (>1000x) ??

Nanopore reads options​
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Reads 

correction

Assembly

Polishing assembly

Quality 

assessment
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Polishing assembly

Polishing an assembly involves mapping long or short reads to the assembled sequence(s) to 

correct errors.

Several tools are available:

• Racon: uses longs and short reads, adapted for substitution errors and small indels <7bp

https://github.com/lbcb-sci/racon

o Input: fasta file (assembly), fastq file (reads), alignement file (sam)

• Pilon: uses Illumina reads (in case of hybrid assembly) 

https://github.com/broadinstitute/pilon/wiki

o Input: fasta file (assembly), bam file (reads mapped to the assembly)

• Flye: uses long reads 

https://github.com/mikolmogorov/Flye

• ...
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Reads 

correction

Assembly

Polishing 

assembly

Quality assessment
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Assembly quality

Assembly quality, Quast (QUality ASsessment Tool)

https://github.com/ablab/quast

o provides assembly statistics: 

- number of contigs, their length, the NG50 and the GC%​ ...

quast {assembly.fasta} -o {output_directory}

Evaluate the completeness of the assembly:

o Busco (Benchmarking Universal Single-Copy Orthologs)

BUSCO compares the assembled genome against a reference database containing conserved 

orthologous gene groups. https://busco.ezlab.org/busco_userguide.html#running-busco

Databases can be downloaded in advance or automatically

busco -i {assembly.fasta} -l bacteria_odb10 -o {busco_output} -m genome
# -m BUSCO analysis mode to run. Can be 'genome', 'protein' or 'transcriptome'.
# -l Specify the BUSCO lineage dataset to be used for scoring

busco --list-datasets
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Busco

• For example, if working with E.coli, we can use a general bacterial database bacteria, or a more 

specific one, such as Enterobacteria.​

• A high-quality assembly should ideally show 100% completeness, meaning all expected conserved 

genes are present.​

BUSCO generates a report with the percentages of genes found, categorized into four groups:

Complete BUSCOs (C): Genes fully recovered (ideally close to 100%).

Fragmented BUSCOs (F): Genes partially present in the assembly.

Missing BUSCOs (M): Genes absent.

Duplicated BUSCOs (D): Genes found in multiple copies.

C:89.0%[S:85.8%,D:3.2%],F:6.9%,M:4.1%,n:3023

44



CheckM

• Place the genome on a phylogenetic tree

• Identify sets of marker genes that should be present in the phylogenetic group

• Search for the genes in the assembly

Outputs:

• Completeness: estimate of the fraction of genes that are expected to be ubiquitous and single-copy 

within a phylogenetic lineage

• Contamination: identifying the number of single copy genes, that should only be there once.

• Strain heterogeneity (SH) index: indicates the proportion of the contamination that appears to be 

from the same or similar strains 

https://github.com/Ecogenomics/CheckM/wiki

https://github.com/Ecogenomics/CheckM/wiki


Lora pipeline

Combines all the previous steps in only one pipeline

https://github.com/sequana/lora/tree/main

sequana_lora --assembler canu --pacbio --input-directory 
{fastq} --input-pattern *.fastq.gz --mode {bacteria} --
busco-lineage {bacteria_odb10} --blastdb {path to blast db}  
--working-directory {canu_output} --use-apptainer –
apptainer-prefix {folder_path_for_appatiners}

• Several assemblers are available within the pipeline

• All tools are available within containers with Damona –> 

no manual installation required 

https://github.com/cokelaer/damona/

• Easy to use

• Output all the necessary steps to a good assembly: from read 

correction to assembly evaluation
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Lora pipeline

https://github.com/rrwick/Bandage/wiki

https://github.com/rrwick/Bandage/wiki


Lora pipeline



Lora pipeline



Nanopore assembly strategy

• Define the genome's characteristics: heterozygosity, genome size, repeat content... 

• Use different assemblers and compare results

• Choose the adapted assembler to your data

• Test assembly with several depths: 

o low depth results in small contigs (fragmented assembly), 

o high depth can impact assembly (e.g: Flye)

• Test assembly with several read lengths (e.g: reads > 10kb)

• Final assembly size ~ genome size
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In summary

List of learning points in this session:

• Carry out a quality control analysis of Oxford Nanopore data

• Filter Nanopore data based on the quality and read length

• Correct Nanopore reads before assembly

• Run a genome assembly

• Polish the assembly

• Assess the completeness and the quality of the assembled genome
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Practical part

• Fastq files (data summary section):

https://zenodo.org/records/2677927

https://pmc.ncbi.nlm.nih.gov/articles/PMC6927303/#abstract1

Data requirements:

52

https://zenodo.org/records/2677927
https://pmc.ncbi.nlm.nih.gov/articles/PMC6927303/


• Control the quality of your data (Nanoplot)

• Filter data if necessary

• Run Flye assembler

• Assess the quality of your assembly (Busco + Quast)

Practical part
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Links for tools:

• Canu: https://canu.readthedocs.io/en/latest/quick-start.html

• Flye: https://github.com/mikolmogorov/Flye

• Necat: https://github.com/xiaochuanle/NECAT

• Unicyler: https://github.com/rrwick/Unicycler?tab=readme-ov-file#introduction

• Autocycler: https://github.com/rrwick/Autocycler/wiki/Illustrated-pipeline-overview

• Pilon: https://github.com/broadinstitute/pilon/wiki

• Racon: https://github.com/lbcb-sci/racon

• Dorado: https://github.com/nanoporetech/dorado

• Lora: https://github.com/sequana/lora

• Quast: https://github.com/ablab/quast

• Busco: https://busco.ezlab.org/busco_userguide.html#running-busco

• CheckM: https://github.com/Ecogenomics/CheckM/wiki

• Nanoplot: https://github.com/wdecoster/NanoPlot
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Q&A session
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