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Collaborative development of tools
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Diversity 
exploration

Genomics
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Gene families

Comparative
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Annotation
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+20 
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Bioinformatics resources 



On va travailler sous Linux !

▪ 2 façons d’utiliser linux :

en mode graphique 



En mode terminal 

▪ 2 façons d’utiliser linux :

en mode console 



Bases de Linux
https://github.com/SouthGreenPlatform/training_O
NT_teaching/blob/main/slides/GuideDeSurvieLinux
-french2022.pdf

avant tout !

https://github.com/SouthGreenPlatform/training_ONT_teaching/blob/main/slides/GuideDeSurvieLinux-french2022.pdf
https://github.com/SouthGreenPlatform/training_ONT_teaching/blob/main/slides/GuideDeSurvieLinux-french2022.pdf
https://github.com/SouthGreenPlatform/training_ONT_teaching/blob/main/slides/GuideDeSurvieLinux-french2022.pdf


En mode jupyter book

▪ Une troisième façon d’utiliser linux :

en mode jupyter book

 Sur le cloud IFB!



Let’s discover Jupyter !

Working environment



What is jupyter book ?

• One of the most popular tool among data scientists to perform data analysis

• Provides a complete environment in which numerous programming languages can be 
use through a simple web browser

ex : Bash (Linux), Python, Java, R, Julia, 
Matlab, Octave, Scheme, Processing, 
Scala 
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Why use jupyter book ?
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An unique interface/file where text,code and output codes can be mixed  :

• code can be executed inside each 
cell of the notebook 

• code output is directly displayed in 
the notebook



Why use jupyter book ?

An unique interface/file where text,code and output codes can be mixed  :

• code can be executed inside each 
cell of the notebook 

• code output is directly displayed in 
the notebook

• explanations, formulas, charts can 
be added
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Lab notebook for science data ?

• One file to analyze data and generate reports

• Can be exported to many formats, including PDF and 
HTML, which makes it easy to share your project with 
anyone.

• Analysis are more transparent, repeatable and 
shareable
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How to become a super datascientist ?

● easily import/export tabular files into/from dataframes (similar to R dataframe).

● manipulate these data tables / DataFrames

● easily draw beautiful graphs from these DataFrames with matplotlib
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How will you use Jupyter Notebook ?

● Launch our analyses through a jupyter book within a 

virtual machine launched via the IFB cloud “BIOSPHERE”
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How will you use Jupyter Notebook ?

● Launch our analyses through a jupyter book within a 

virtual machine launched via the IFB cloud “BIOSPHERE”

● Through this virtual machine, we will create jupyter books and execute all our analysis
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IFB ?
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Biosphere, IFB CLOUD FOR LIFE SCIENCES

● A federation of clouds, which relies on interconnected IFB's infrastructures, 

providing distributed services to analyze life science data

● Access to a large set of virtual machines (computing resources, bioinformatics tool)

● Used for scientific production in the life sciences, developments, and also to 

support events like cloud and scientific training sessions, hackathons or 

workshops.
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Let’s start with biosphere

● Open the biosphere website : https://biosphere.france-bioinformatique.fr/cloud/ and 
sign in
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https://biosphere.france-bioinformatique.fr/cloud/


Let’s start with biosphere

● Select a specific group
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Let’s start with biosphere

● Ask for joining M2UMASM (Master2 bioinfo UM Assemblage)
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Connected / here we are

RAINBIO catalog to access our Virtual Machine (VM)
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Searching for the vm we will use

vm’s name : 

CoursAnalysesNanoporeSG
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Let’s run your vm through the cloud
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CoursAnalysesNanoporeSG



Let’s run your vm through the cloud

27

CoursAnalysesNanoporeSG
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Let’s start ! 
urces 



Marks et al, 2021



Sun et al, 2022

Published plant genomes from 2000



VCF file format for Variant Call Format
(Plant) genome project workflow from DNA extraction over ONT sequencing to data submission

Boas Pucker et al. 2022



https://community.nanoporetech.com/posts/q20-early-access-group-br 

https://community.nanoporetech.com/posts/q20-early-access-group-br


https://community.nanoporetech.com/posts/q20-early-access-group-br 

Last upgrades !

https://community.nanoporetech.com/posts/q20-early-access-group-br






From Cedric Mariac

A lot of data !
  



From Cedric Mariac

A lot of data !
  

Nanopore web site 2021



The data that these platforms produce differ qualitatively from second-generation 
sequencing, thus necessitating tailored analysis tools



From data rarity to data deluge



De novo assembly

Assembly refinement

QC analysis

Typical long-read analysis pipelines for ONT data

https://doi.org/10.1186/s13059-020-1935-5

Basecalling

Quality Control

https://doi.org/10.1186/s13059-020-1935-5


Basecalling

Quality Control

De novo assembly

Assembly refinement

QC analysis

https://doi.org/10.1186/s13059-020-1935-5

Typical long-read analysis pipelines for ONT data

guppy
bonito

NanoPlot

Raven
Shasta
flye
smartdenovo

Medaka
Ragtag

Blobtools
QUAST
Busco

[Optional]

https://doi.org/10.1186/s13059-020-1935-5
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The Data !
urces 



Observatoire Océanologique de Banyuls-sur-mer
Laboratoire d’Océanographie Microbienne

The Pan-Genome of the cosmopolitan picophytoplankton
Bathycoccus prasinos

A first step towards understanding adaptation to latitude and seasons

Louis Dennu, LOMIC
supervised by

François-Yves Bouget, LOMIC - Martine Devic, LOMIC - François Sabot, IRD Montpellier
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Bathycoccus prasinos
A cosmopolitan model to study adaptation to latitude and seasons

Bathycoccus prasinos

Moreau et al., Genome Biology 2012   -   Lambert et al., ISME J 2019 44
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Big Outlier Chromosome
putative sexual chromosome

Small Outlier Chromosome
hypervariable chromosome

virus resistance

Bathycoccus prasinos single reference genome

Size
15 Mbp

19 
Chromosomes

RCC1105
Banyuls-sur-Mer, France

45Moreau et al., Genome Biology 2012
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Back to Machines!
urces 



Let’s run your vm through the cloud

Loading…
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Let’s run your vm through the cloud

ready !
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Let’s run your vm through the cloud

get the url… link “https” 
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Let’s run our vm through the cloud

Get the token identifiant… link “Params”
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Let’s run our vm through the cloud

Open your vm (https link) to access to your own jupyter lab
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Create your first jupyter book 

Go into the directory “work” and create a new jupyter book 
-> kernel : bash

52



Rename your first jupyter book 

myFirstJupyterBook
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Run your first bash command - git clone

All jupyterbook used for practice are here : 
https://github.com/SouthGreenPlatform/training_ONT_teaching

Download all the jupyter books with the command git clone 
git clone https://github.com/SouthGreenPlatform/training_ONT_teaching.git
git checkout 2023_MTP
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https://github.com/SouthGreenPlatform/training_ONT_teaching.git
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Chapitre 1
Reads Quality Control 



ONT Read calling

https://bioinformatics.uni-muenster.de/graid/education/presentations/DataAnalysis_Sapporo2019.pdf 

https://bioinformatics.uni-muenster.de/graid/education/presentations/DataAnalysis_Sapporo2019.pdf


57

FASTQ FORMAT
1 séquence = 4 lignes

- @identifiant de la séquence 
- Séquence
- + (id séquence).
- Qualité de la séquence = un 

caractère ASCII pour chaque 
base

@H4:C7C99ACXX:6:1101:1360:74584/2
CTGTTTCTTAGTATTTTTGTAGTCATTCCGTGTTGGTTTAGTTGCAAGGT
+
@@@DADFFHHFFHIIEFEIGJGGHI4FFIEIGHI<FHGAHGGGB@3?BDB9D
@H4:C7C99ACXX:6:1101:1452:19906/2
CTGAGATCAATTGGATCCTGATGATACTGTGCTTAGCTATTACCTTTGGT
+
@@@DDDD>FFFAFBEABB4C+3?:CBB@<<A?E4A???9C@CFF*9*B3D?B 
@H4:C7C99ACXX:6:1101:1476:35220/2
CATGTGCTATTACCAAAAGTGCAGTAACGACCTATAAATTTTAAAGTAGC
+
@CFFFFFGGHHHHIJJJJIEE<HHHIJJIGBHGGEEIIJJEIEIJIHHJFIIJJJGHJJ
@H4:C7C99ACXX:6:1101:1491:94128/2
AGAAGTCTTCGGAAAAGTTCGGGTATGGCTCTAGTAGCTTTTGTCTTAT
+
@C@FFFFFGGHHDHGIIEEHIII<CGHIJIJIIJ:?FC9DGAFGHII?DGBFIIJHBI
@H4:C7C99ACXX:6:1101:1538:34462/2
ACAAAAAGCTAAAAGAACACAGTTGCTTGAAGCAGCAAACACAAGAAC
+
B@@DFFFFGHHHHJIIIIIJJJIIGJCHHEIII>GHIG@GHIDHGJIIFIFHIJJIJJJG 
@H4:C7C99ACXX:6:1101:1568:67898/2
ACAAATGGGTGTGTAAGAGTTAAAAAACAATTAATGAGCAACTGAGTTC
+
@@CFFFFFHFFHFGIJJIHHIIJJIIIHIJJJECGHIJJCHGICDGGGHJ<FGGIJJ 
@H4:C7C99ACXX:6:1101:1575:18963/2
AACATGTTTGTCGGGGGTTGGGAAATTGTCACTTTCTGCTACAATGCCG 
+
@<@DDDDDHFFFFDIIBDFGHHGG;FGGCHHAGGGIIH@E>AEDDEECAB>



Reads Quality control : NanoPlot



Calculate depth of coverage

depth of  coverage estimation :
● Count how much base pairs in all sequenced reads? total_pb
● What is the expected genome size? genome_size

depth_of_coverage = total_pb/genome_size



https://core.ac.uk/download/pdf/157813812.pdf

What is N50 and L50? 



Reads Quality control 

NanoPlot : https://github.com/wdecoster/NanoPlot 
NanoComp : https://github.com/wdecoster/nanocomp 
(mini_qc : https://github.com/roblanf/minion_qc)

Conclusion : check reads N50, reads length distribution, and calculate coverage !

https://github.com/wdecoster/NanoPlot
https://github.com/wdecoster/nanocomp
https://github.com/roblanf/minion_qc
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Chapitre 2
Assemblies 



Long reads simplify genome assembly, with the ability to span repeat-rich sequences (characteristic of 

antimicrobial resistance genes) and structural variants. Nanopore sequencing also shows a lack of bias in GC-rich 

regions, in contrast to other sequencing platforms. To perform microbial genome assembly, we suggest using the 

third-party de novo assembly tool Flye. We also recommend one round of polishing with Medaka. 

https://nanoporetech.com/sites/default/files/s3/literature/microbial-genome-assembly-workflow.pdf

For assembly, ONT recommend sequencing a human genome to a minimum depth of 30x of 25–35 kb 

reads. However, sequencing to a depth of 60x is advisable to obtain the best assembly metrics. We 

also recommend basecalling in high accuracy mode. Greatest contig N50 is usually obtained with 

Shasta and Flye. Polishing/Correction is also recommended (Racon and Medaka). 

https://nanoporetech.com/sites/default/files/s3/literature/human-genome-assembly-workflow.pdf

Which assembler to use over my favorite organism? 

https://nanoporetech.com/sites/default/files/s3/literature/microbial-genome-assembly-workflow.pdf
https://nanoporetech.com/sites/default/files/s3/literature/human-genome-assembly-workflow.pdf


Overlap–layout–consensus genome assembly algorithm (OLC)

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055744/ 
Canu, Flye, Miniasm, Raven, Smartdenovo, Shasta 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055744/
https://canu.readthedocs.io/en/latest/quick-start.html
https://github.com/fenderglass/Flye
https://github.com/lh3/miniasm
https://github.com/lbcb-sci/raven
https://github.com/ruanjue/smartdenovo%20https://github.com/chanzuckerberg/shasta
https://github.com/chanzuckerberg/shasta


Polishing / Correction

Racon correct raw contigs generated by rapid assembly methods which do not include a consensus step. It can polish with either Illumina 
data or data produced by third generation of sequencing. (recursive use)

Medaka and Nanopolish create a consensus sequence of nanopore sequencing data. (mapping + consensus)
+ Medaka uses neural networks where Nanopolish uses HMMs.
+ Medaka uses basecalled reads, not the raw signal.
+ Medaka propose the ability to train one’s own basecalling model

Pilon correct assemblies using illumina reads. (recursive use)
Autres : NeuralPolish , ntEdit

https://genomebiology.biomedcentral.com/track/pdf/10.1186/s13059-020-1935-5.pdf 

https://github.com/isovic/racon
https://github.com/nanoporetech/medaka
https://nanopolish.readthedocs.io/en/latest/index.html#
https://github.com/broadinstitute/pilon/releases/
https://github.com/huangnengCSU/NeuralPolish
https://github.com/bcgsc/ntEdit
https://genomebiology.biomedcentral.com/track/pdf/10.1186/s13059-020-1935-5.pdf


Circularisation ?

https://www.drawittoknowit.com/course/immunology/glossary/immunology-microbiology/bacterial-chromosome-replication-e-coli 

Some assemblers give you information about circularisation 
of assembled molecules (flye, canu).

Circularisation can be found also on GFA files generated by 
assemblers. (miniasm, raven, shasta)

You can try to circularise assembled molecules using tools as 
circlator 

it could be interesting tagging and rotation of circular 
molecule before each polishing step.

As well as, fixing (dnaA gene)  the start position on circular 
genome. This is efficient when multiple genome alignments 
are envisaged.

https://www.drawittoknowit.com/course/immunology/glossary/immunology-microbiology/bacterial-chromosome-replication-e-coli
https://sanger-pathogens.github.io/circlator/


67

Chapitre 3
Contigs Quality Control 



plus petit nb de contigs : flye+racon puis raven+racon
plus long contigs :  flye+racon https://github.com/ablab/quast 

https://github.com/ablab/quast


less contigs : flye+racon puis raven+racon
largest contig :  flye+racon
largest N50 : flye
largest L50 : flye what is N50 and L50? 



https://core.ac.uk/download/pdf/157813812.pdf

What is N50 and L50? 



Check misassemblies and N percentage.
BE CAREFUL! A misassembly for QUAST can be a structural variation!



The greater the area under the curve AUC, the better is the assembly.
Nx represent N50 but also N10 to N100

Nx graph



Helps to check if you have a good assembly, by searching the expected single-copy lineage-conserved 
orthologs in any newly-sequenced genome from an appropriate phylogenetic clade.

https://busco.ezlab.org/busco_userguide.html 

https://busco.ezlab.org/busco_userguide.html


Comparison with a reference genome

● NUCMER : Aligns a set of draft sequence 
contigs to a finished sequence 
http://mummer.sourceforge.net/ 

● D-Genies : Online tool to compare two 
genomes by dot plot method 
http://dgenies.toulouse.inra.fr/ 

● autre: Gepard 

http://mummer.sourceforge.net/
http://dgenies.toulouse.inra.fr/


generated using culebrONT

http://assemblytics.comAssemblytics

http://assemblytics.com/


Assemblies

Circularisation

Polishing

Correction

Fixstart

Quality

Reporting

● A recommendation in PCI Genomics  https://genomics.peercommunityin.org/articles/rec?id=158

● An article in PCJ  DOI:10.24072/pcjournal.153 

pip install culebrONT

VCF file format for Variant Call FormatA flexible and reproducible pipeline for LR assembly and evaluation

https://genomics.peercommunityin.org/articles/rec?id=158
https://peercommunityjournal.org/articles/10.24072/pcjournal.153/


Optical mapping : fluorescent marking of restriction sites of very long DNA molecules 
(up to Mb) to extract signature used to bridge contigs having these signatures.

10x chromium : shallow tagged sequencing of very long DNA fragments with Illumina 
machines. Read alignments enable scaffolding.

Genetic map : marker assisted contig bridging

HiC : chromosomal interaction sequencing gives the contig order on the chromosomes.

From contigs to chromosomes 



● DNA quality (fragment length) has a direct impact on read length
● We can assemble small to large genomes with Nanopore reads.
● Test a lot of tools to perform assemblies, in any case now polishing is not 

mandatory.
● There are still genomes very difficult to assemble

Conclusions



Merci pour votre attention !
   

Le matériel pédagogique utilisé pour ces enseignements est mis à 
disposition selon les termes de la licence Creative Commons Attribution 
- Pas d’Utilisation Commerciale - Partage dans les Mêmes Conditions 
(BY-NC-SA) 4.0 International:
http://creativecommons.org/licenses/by-nc-sa/4.0/

http://creativecommons.org/licenses/by-nc-sa/4.0/


South Green : @green_bioinfo

I-Trop : @ItropBioinfo

SUIVEZ NOUS SUR TWITTER !

https://twitter.com/green_bioinfo
https://twitter.com/ItropBioinfo

