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Modules de formation 2022
●  Toutes nos formations :

https://southgreenplatform.github.io/trainings/

● Topo & TP : https://southgreenplatform.github.io/trainings/sv

https://github.com/SouthGreenPlatform/training_SV_teaching/tree/
2022

● tablet

https://southgreenplatform.github.io/trainings/
https://southgreenplatform.github.io/trainings/sv
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Détection de variants  
à partir de données de séquençage 

short & long reads



Objectifs  

Détecter des variants (SNP, variants structuraux) à partir 
de données de séquençage short et long reads.

Applications  :

- Mapper des reads contre un génome bwa, minimap2

- Détecter des SNPs à partir du mapping de reads  - GATK, deepvariants

- Analyser les données SNPs brutes (ex: stats, filtres) - vcftools, bcftools

- Exemples d’études possibles à partir de SNPs - SNIPlay

- Détecter des variants structuraux (SV) à partir de :

■ reads mappées contre un génome - breakdancer, sniffle

■ génomes entiers - nucmer, assemblytics, siry



Objectifs  

Détecter des variants (SNP, variants structuraux) à partir 
de données de séquençage short et long reads.

Applications  :

- Mapper des reads contre un génome bwa, minimap2

- Détecter des SNPs à partir du mapping de reads  - GATK, deepvariants

- Analyser les données SNPs brutes (ex: stats, filtres) - vcftools, bcftools

- Exemples d’études possibles à partir de SNPs - SNIPlay

- Détecter des variants structuraux (SV)

Avec jupyter book : lancer les commandes +  analyser les 
résultats  

=> Avoir un plan de bataille opérationnel



Plan de bataille !!!



Let’s discover Jupyter through  
the IFB cloud 

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 



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



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



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



How to become a super datascientist ?

● facilement importer des fichiers tabulés dans des dataframes,  

similaires aux dataframes sous R.

(et exporter)

● manipuler ces tableaux de données / DataFrames

● facilement tracer des graphes à partir de ces DataFrames grâce à 

matplotlib



How will you use Jupyter Notebook ?

● Launch our analyses through a jupyter book 

within a virtual machine launched via the IFB 

cloud “BIOSPHERE”



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



IFB ?



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 ressources, 

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.



Let’s start with biosphere

● Open the biosphere website : 

https://biosphere.france-bioinformatique.fr/cloud/ and sign in

https://biosphere.france-bioinformatique.fr/cloud/


Connected / here we are

RAINBIO catalog to access our Virtual Machine (VM)



Searching for the vm we will use

vm’s name : analysesSV



Let’s run your vm through the cloud



Let’s run your vm through the cloud



Let’s run your vm through the cloud

Loading…



Let’s run your vm through the cloud

ready !



Let’s run your vm through the cloud

get the url… link “https” 



Let’s run our vm through the cloud

Get the token identifiant… link “Params”



Let’s run our vm through the cloud

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



Create your first jupyter book 

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



Rename your first jupyter book 

myFirstJupyterBook



Run your first bask command - git clone

● All jupyterbook used for practice are here : 
https://github.com/SouthGreenPlatform/training_SV_teaching/tree/2022

● Download all the jupyter books with the command git clone 

git clone --branch 2022 https://github.com/SouthGreenPlatform/training_SV_teaching.git



Introduction & NGS method



The NGS in themselves



A little history of sequencing...



...From Data Rarity to Data Deluge

From The economist

From Bussiness 
Insider



...From Data Rarity to Data Deluge



What can we do with it ?

• Genetic diversity

• Gene discovery

• Genomic structure

• Contamination/pathogen detection

• Metagenomic

• Pangenomic

• And many other things...

6



Methods



Current Technologies

2nd Generation Sequencing

• DNA fragmentation (short)

• Matrix amplification

• Short reads

• Limited error rate

• High throughput

7
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Current Technologies

2nd Generation Sequencing

• DNA fragmentation (short)

• Matrix amplification

• Short reads

• Limited error rate

• High throughput

• Important error rate

• Medium throughput
7

3rd Generation Sequencing

• DNA fragmentation (long)

• NO MATRIX AMPLIFICATION

• Long reads

454
IonTorrent
Illumina

PacificBiosciences
Oxford 
Nanopore



Illumina

8



Illumina

9



Illumina
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11

Illumina
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Illumina
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Illumina



Illumina - Advantages and Limits

Advantages :
+ Output volume (20 billions of 150b reads/6Tb,  NovaSeq6000)
+ Accuracy (99.99 % - but questionable)
+ Run is cheap
+ MySeq is cheap (around 60 000 USD per machine

Limits : Size (150 + 150 in NovaSeq, but 400 for MySeq)

14



The FASTQ Format

15

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>



Qualité de séquençage

PHRED SCORE

Séquenceur assigne à chaque base séquencée un score lié à la probabilité 
que la base appelée soit fausse

Ewing 1998 

Phred 
Quality 
Score

Probability of 
incorrect base 

call

Base call 
accuracy

10 1 in 10 90%

20 1 in 100 99%

30 1 in 1000 99.9%

40 1 in 10000 99,99%

50 1 in 100000 99.999 %



The QPHRED Value

17

Code ASCIIPhred 
Quality 
Score
0 .. 50 



The QPHRED Value

17



The QPHRED Scale

16



Mapping

18



SAM Format

18

Header

- Ligne commençant par @
- Metadonnees sous forme de 

tag
-



SAM Format

18

alignement

Format tabulé

SAM format : http://samtools.sourceforge.net/samtools.shtml

http://samtools.sourceforge.net/samtools.shtml


SAM Format

18

alignement

Format tabulé



RAD-Seq

From Eurofins 22



CaptureSeq

From CGFB, Bordeaux, France

23



SNP and InDel Detection

24



SNP and InDel Detection

25

Mutations & Variations as main source of genetic diversity

From NHS National Genetics and Genomics Education Centre, CC BY 2.0, via Wikimedia Commons

SNP Structural Variations 

Deletion

Insertion 

Inversion

Duplication

translocation

Presence Absence Variation



Common File for all Variations, the VCF

VCF = Variant Call Format From 1000 Genomes 
Project

26



Limits, Wetlab

• Amount of original samples

• Choice of Sample

• Purity of Sample

• Size of sequenced unit

• Error rate

• Volume of Outputted data

All linked to technical constraints

27



Limits, Technical

• Cleaning data level

• Mapping Conditions

• Mapping Cleaning Conditions

• Variation Calling level

All linked to the Specificity/Sensitivity Informatics Paradox

28



Applications



Population Genomics/Genomics

• Gene discovery/GWAs

• Species Definition

• Subspecies/specific subgroup definition

• Global genotyping (for breeding in agriculture e.g.)

• Genomic Ecology (Transposable elements, etc...)

29



Example in GWAs & Population Genomics

30



Example in GWAs & Population Genomics

31



Example in Global Genotyping & Population Genomics

From Cubry et al, 2018
32

The Rise and Fall of African Rice Cultivation Revealed by Analysis of 246 New Genomes



Large Projects

33



Sample types

• DNA from plant, animal, microbial...

• Organite DNA (mitochondria, chloroplast)

• Subsample DNA (exon capture, 16S capture for 
Barcoding)

• Viral sample from infected tissue

• Environmental sample: water, feces, cloud...

34



Possibilities in the next 5-10 years (From a presentation in  
2013)

• Real-time Transcriptomics

35
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Possibilities in the next 5-10 years (From a presentation in  
2013)

• Real-time Transcriptomics

• Single-Cell Genomics -> DONE in 2014

• Single-Cells Transcriptomics (and smallRNA) -> DONE in 2015

• Personal Genomics medicine (ethical problems...) -> Available

• And any new ideas you will have...

35



Keep in mind!

36



...From Data Rarity to Data Deluge

From L. Stein, 2010

37



Be Careful to data drowning!

38



Training plan - day 1



Mapping and SNP



TP goal

• Quality control of NGS data

• Learn to manipulate NGS data

• Having a critical look on Mapping

• Learn to launch a Calling and having a critical 
look

8
7



The data

Diploid Asian Rice, Oryza 
sativa

From 
Wikimedia

3
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The data
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• SNP (1-10%),
• indel (10b-10kb),
• duplications...



The data
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From 
Wikimedia
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1. Select/Cut 1 Mb on Chromosome 10

2. Create 20 exact clones

3. Introduce
• SNP (1-10%),
• indel (10b-10kb),
• duplications...

4. Generate short & long reads for each 
clone...



The data

Diploid Asian Rice, Oryza 
sativa

From 
Wikimedia

3

1. Select/Cut 1 Mb on Chromosome 10

2. Create 20 exact clones

3. Introduce
• SNP (1-10%),
• indel (10b-10kb),
• duplications...

4. Generate short & long reads for each 
clone...

5. Torturing students with these data



The FASTQ Format

4



The QPHRED Scale

5

Score 
qualit

é 
phred

Proba. d'une 
identification 

incorrecte

Précision de 
l'identification

10 1 pour 10 90 %

20 1 pour 100 99 %

30 1 pour 1000 99.9 %

40 1 pour 10000 99.99 %

50 1 pour 100000 99.999 %



List of analyses

“Classic” launch

1. Mapping: bwa aln/sampe, bwa mem, 
bowtie2, ...

6
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List of analyses

“Classic” launch

1. Mapping: bwa aln/sampe, bwa mem, bowtie2, 
...
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picard-tools,...
OPTIONAL!
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List of analyses

“Classic” launch

1. Mapping: bwa aln/sampe, bwa mem, bowtie2, 
...

2. Cleaning mapping: samtools, picard-tools,...

3. Realigning and Duplicates: GATK, 
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4. SNP calling and Cleaning: GATK,...
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List of analyses

“Classic” launch

1. Mapping: bwa aln/sampe, bwa mem, bowtie2, 
...

2. Cleaning mapping: samtools, picard-tools,...

3. Realigning and Duplicates: GATK, 
picard-tools,...
OPTIONAL!

4. SNP calling and Cleaning: GATK,...

Between 8 and 15 different commands...

6



Let’s do it by hands...

We will

1. Map the data of Clone 1 on reference.fasta using 
bwa

7



Let’s do it by hands...

We will

1. Map the data of Clone 1 on reference.fasta using 
bwa

2.Look at the SAM file  

3.

4.

5.

6.

7



SAM file format for Sequence Alignment Map

SAM format : 
http://samtools.sourceforge.net/samtools.shtml

Advanced Linux Session : NGS analosis - A. Dereeper, C. Tranchant-Dubreuil | p. 17

http://samtools.sourceforge.net/samtools.shtml


SAM file format for Sequence Alignment Map

SAM format : 
http://samtools.sourceforge.net/samtools.shtml

Advanced Linux Session : NGS analosis - A. Dereeper, C. Tranchant-Dubreuil | p. 19

http://samtools.sourceforge.net/samtools.shtml


the SAM bitwise FLAG

From J. Aerts, in 
SlideShare

8



Let’s do it by hands...

We will

1. Map the data of Clone 1 on reference.fasta using 
bwa

2. Look at the SAM file

3. Compress SAM in BAM and reorder it

9



Let’s do it by hands...

We will

1. Map the data of Clone 1 on reference.fasta using 
bwa

2. Look at the SAM file

3. Compress SAM in BAM and reorder it

4. Remove wrong mapping

9



Practice

Let’s work with the jupyter book :

Day1_Mapping_Practice_EMPTY.ipynb





Day2 - Let’s start slowly 



Day1

Training plan - day 1 & 2 (a little)



Plan de bataille du mapping !

En cours Day1



Plan de bataille du mapping !

En cours Day1 ça marche mieux ! 



Plan de bataille du mapping - bwa-mem2 !



Plan de bataille du mapping - minimap2 !



Observing mapping

• Download Tablet (use Google and 
Tablet+NGS)

1
2



Observing mapping

• Download Tablet (use Google and Tablet+NGS)
• Transfer the BAM from Clone 10 and the reference 

from  the machine to your local computer (use scp or 
direct  download from the browser)

1
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Observing mapping
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Observing mapping

• Download Tablet (use Google and Tablet+NGS)
• Transfer the BAM from Clone 10 and the reference 

from  the machine to your local computer (use scp or 
direct  download from the browser)

• Open Tablet, load an assembly



Observing mapping

• Download Tablet (use Google and Tablet+NGS)
• Transfer the BAM from Clone 10 and the reference 

from  the machine to your local computer (use scp or 
direct  download from the browser)

• Open Tablet, load an assembly

• Look at the mapping and try to find SNPs



Practice

Let’s work with the jupyter book :

Day2a_Mapping_analysis-EMPTY.ipynb

https://itrop.ird.fr/sv-training/training_SV_teaching/Day2a_Mapping_analysis-EMPTY.ipynb


Day2

Training plan - day 2



Plan de bataille du “SNP calling” !



The HaplotypeCaller

From UniBe.ch 
Training

10



VCF file format for Variant Call Format

The Variant Call Format (VCF) used in bioinformatics  
for storing gene sequence variations

Advanced Linux Session : NGS analosis - A. Dereeper, C. Tranchant-Dubreuil | p. 23



Practice

Let’s work with the jupyter book :

Day2b_Appel_variants_SNP_EMPTY.ipynb



Plan de bataille du “SNP filtering” !



Basics ltering

• Using GATK Variant Filtration, a flag per 
filter

1
3



Basics ltering

Using GATK Variant Filtration, a flag per filter

• Depth filter: DP<? or DP>?

• QUAL filter: QUAL < ?

• SNPcluster filter: more than 3 SNP per 10b

1
3



Practice

Let’s work with the jupyter book :

Day2c_SNP_analysis_EMPTY.ipynb



Be “lazy” but clever

Problems with manual launches

• Long

• Fastidious

• Error prone

• Tracability and reproducibilty not 
ensured

1
5



Be “lazy” but clever

Problems with manual launches

• Long

• Fastidious

• Error prone

• Tracability and reproducibilty not ensured

Solution =⇒ Workflow Manager (or scripts...): 
SnakeMake,  TOGGLe, NextFlow

1
5





Training plan - day 3



Long Read Mapping 



Long Reads

1



Long Reads

1



Oxford Nanopore

1



Oxford Nanopore

From Circulation 
Research

2

• No Amplification

• NO SYNTHESIS

• Very Long 
Length



Oxford Nanopore

From Circulation 
Research

• No Amplification

• NO SYNTHESIS

• Very Long 
Length

From Nature Biotechnology

2

• Magnetic fields variation 
measure

• Minion: USB key - sized

• Raw signal in Fast5, basecalled 
in  Fastq



ONT - Advantages and Limits

Advantages :
• Length (mean 10-50kb, more than 2Mb 

reported)
• Bases Modification detection in real-time
• Native RNA!
• Single strand direct sequencing
• Machine cheap (1,000 USD for Minion)
• Run cheap (1,000 USD for 30Gb by now 

minimum)
• Fast: 15mn library, 48-72h run

3



ONT - Advantages and Limits

Advantages 
• Length (mean 10-50kb, more than 2Mb 

reported)
• Bases Modification detection in real-time
• Native RNA!
• Single strand direct sequencing
• Machine cheap (1,000 USD for Minion)
• Run cheap (1,000 USD for 30Gb by now 

minimum)
• Fast: 15mn library, 48-72h run

Limits :
• Error Rate (3-8%, can be corrected, 1-2% in 

tests)
• Quality of DNA/RNA limits the sequencing
• Heu... 3



What you can do with it ?

From Nanopore 
website 4



What you can do with it ?

From Nanopore 
website 4



What you can do with it ?

From Nanopore 
website 4



In brief

2nd Generation Sequencing

• DNA fragmentation (short)

• Matrix amplification

• Short reads

• Limited error rate

• High throughput

• Important error rate

• Medium throughput
7

3rd Generation Sequencing

• DNA fragmentation (long)

• NO MATRIX AMPLIFICATION

• Long reads

454
IonTorrent
Illumina

PacificBiosciences
Oxford 
Nanopore



NGS technologies comparison 

From wikipedia website

5



Structural Variant Detection

From Mahmoud et al, 2019 6



Practice

Let’s work with the jupyter book :

Day3_Variants_structuraux_EMPTY.ipynb

https://itrop.ird.fr/sv-training/training_SV_teaching/Day3_Variants_structuraux_CORR.ipynb




Training plan - day 4



So let's summarize…

If you are lost after these three 
days of training…



Remember why we started…
Mutations & Variations as main source of genetic diversity

Single Nucleotide Polymorphism



Remember why we started…
Mutations & Variations as main source of genetic diversity

Presence Absence Variation (PAV)

Deletion, duplication, copy number 
variation, mobile element insertion

Single Nucleotide Polymorphism Structural Variations



Remember why we started…
Mutations & Variations as main source of genetic diversity

Single Nucleotide Polymorphism Structural Variations

Deletion

Insertion 

Inversion

Duplication

translocation



From Xiao et al. 2008

From Xu et al. 2006 From Bai et al. 2017From Wang et al. 2015
From Gamuyao et al. 2012

FromYang et al., 2014

From Hattori  et al. 2009

From Lin et al. 2012

FromYang et al., 2013 From Li et al. 2012 From Qi et al. 2014



From Xiao et al. 2008

From Xu et al. 2006 From Bai et al. 2017From Wang et al. 2015
From Gamuyao et al. 2012

FromYang et al., 2014

From Hattori  et al. 2009

From Lin et al. 2012

FromYang et al., 2013 From Li et al. 2012 From Qi et al. 2014

Is One Reference genome enough 

to capture all genetic diversity ?



Gene number variations within a species 

Streptococcus agalactiae 

Tetellin et al., 2005 

▸ 8 strains sequenced 

▸ SNP variations

Large number of genes not shared between isolates 

20% genome variability and 80 % shared by all isolates

Pangenome concept



Pangenome concept 

Id 1 

Id 2 

Id 3 

Id 4 

Id 5 

Id 6 

Core 
genome

Dispensable 
genome

Id 1 

Core genome

Dispensable genome

Id 2

Id 3

Id 4

Id 5

Id 6

Pangenome  

Collection of genes or sequences found in all 
individuals of a population (intra or inter species)

▸ Core genome : present in all individuals

▸ Dispensable genome : absent from one or 
several individuals (also called variable, 
accessory,...)



What's else …

▸ 12,150 genes absent from the reference 
(18 cultivars)

▸ 27,175 genes absent from the reference 
(26 cultivars)



How to detect SVs and analyse them ?



From short reads….



From short reads….



How to detect SVs and analyse them ?



From long reads…



How to detect SVs and analyse them ?



Practice

Let’s work with the jupyter book :

Day4_SV_genome_EMPTY.ipynb

https://itrop.ird.fr/sv-training/training_SV_teaching/Day3_Variants_structuraux_CORR.ipynb


What data will we use ? 



The Pan-Genome of the cosmopolitan 
picophytoplankton Bathycoccus : a first step towards 

understanding adaptation to latitude and season

François-Yves Bouget
Martine Devic
Louis Dennu

Observatoire océanologique de Banyuls sur mer
Laboratoire d’océanographie microbienne



15Mb

Moreau et al, 2012

Structure of Bathycoccus genome

Reference genome
strain RCC1105

Banyuls bay in 2006

15Mb haploid genome

19 nuclear chromosomes

2 Outliers regions with irregular GC content and 
gene composition:

- Big outlier region on chromosome 14 (BOC)
- Small outlier chromosome 19 (SOC)

29



Genetic variations

Insertions
Deletions

Copy number variations
Translocations

Inversions
Duplications
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Single Nucleotide 
Polymorphism

Non Synonymous SNP Synonymous SNP

Structural Variations

ATTGCGATGCGTATATCGT

ATTGCGATTCGTATATCGT



Leconte et al, 2021

Mapping of metagenomic reads
2% of coding sequences are variable

Non synonymous SNP not correlated 
with temperature

Metagenomic only approaches 
is more revealing of population 

diversity than adaptation 
mechanism 

Bathycoccus SNP in metagenomic datasets
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Metagenomic datasets used with only one reference genome 
aren’t sufficient to describe genetic variations and to study 

adaptation

To efficiently use these dataset to describe genetic 
diversity and study adaptation we need better and more 

diverse references
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Available worldwide and local Bathycoccus strains
Souche Latitude

RCC5417 67.48

RCC1613 57.57

RCC685 54.18

RCC1615 50.2

RCC1868 48.75

RCC4222 42.48

A8 42.48

G11 42.48

A1 42.48

C3 42.48

E2 42.48

F8 42.48

G8 42.48

RCC4752 40.75

RCC716 -14.48

Identification and description of genetic diversity through pangenomic 
approach to study role of diversity on adaptation

RCC5417

RCC716

RCC1613

RCC685

RCC1615

RCC1868

RCC4752
RCC4222

A8
G11
A1
C3
E2
F8
G8

Banyuls
strains
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Richard, 2020
Tranchant-Dubreuil et al, 2019

Pangenome
Repertory of all sequences/genes 

found in a species

Number of new sequences 
discovered after each new 

genome sequenced follow a 
decreasing power law

Closed Pangenome 
Limited diversity

Open Pangenome
Boundless diversity

Quantification and description of genomic diversity through analysis of 
Bathycoccus pangenome
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De novo assembly pipeline for Bathycoccus

TGS 
Gapcloser

1.0.1

Flye 2.9 Medaka 1.5 Pilon 1.24

RagTag 2.1

Draft Assembly

Polished Assembly Scaffolded Assembly
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De novo assembly pipeline for Bathycoccus

TGS 
Gapcloser

1.0.1

Flye 2.9 Medaka 1.5 Pilon 1.24

RagTag 2.1

Draft Assembly

Polished Assembly Scaffolded Assembly
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De novo assembly pipeline for Bathycoccus

TGS 
Gapcloser

1.0.1

Flye 2.9 Medaka 1.5 Pilon 1.24

RagTag 2.1

Draft Assembly

Polished Assembly Scaffolded Assembly
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De novo assembly pipeline for Bathycoccus

TGS 
Gapcloser

1.0.1

Flye 2.9 Medaka 1.5 Pilon 1.24

RagTag 2.1

Draft Assembly

Polished Assembly Scaffolded Assembly
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De novo assembly of 15 strains of Bathycoccus

* Illumina 
unavailable

Strain Genome size BUSCO Gap Quality value

E2 15.40 Mb 97.10% 1 47.7337

1613 15.47 Mb 97.00% 1 45.4014

A8 15.33 Mb 97.00% 0 47.3761

4222 15.19 Mb 96.80% 0 41.3156

5417 15.37 Mb 96.70% 4 42.3836

685 15.93 Mb 96.70% 0 40.0689

G11 15.28 Mb 96.70% 0 45.544

716 15.35 Mb 95.80% 7 33.0739

1868 15.68 Mb 95.60% 2 29.8042

4752 15.39 Mb 95.30% 5 38.052

1615 15.40 Mb 94.10% 21 31.142

A1 15.13 Mb 93.50% 2 *

G8 15.68 Mb 93.00% 4 *

F8 15.20 Mb 92.70% 0 *

C3 15.33 Mb 92.10% 4 *

Assembly size ranging from
15.13 Mb to 15.93 Mb

Average BUSCO completion score
95.34%

Average number of gap in assembly
3

Average quality score
40.17

15 High Continuity, High Quality 
assemblies usable for 

pangenome construction
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> 2Mb of new accessory sequences
(15% of genome size)

α > 1
Both worldwide and local 

pangenome are closed

Sequence diversity seems limited 
in Bathycoccus even though it’s 
a cosmopolitan organism with 
high expected population size 

Worldwide 
strains
Banyuls strains

α = 1.45

α = 1.89

Structure of Bathycoccus Pangenome
Worldwide diversity and Local diversity
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5417

685

1615

1613

4752

4222

F8

E2

A8

A1

G11

Structural variations in representative chromosome

high synteny and low number of 
structural variations

Observed genomic diversity is 
consistent with limited diversity 

predicted by pangenome structure
Chromosome 1
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Pour finir… Objectifs remplis ?
  

Détecter des variants (SNP, variants structuraux) à partir 
de données de séquençage short et long reads.

Applications  :

- Mapper des reads contre un génome bwa, minimap2

- Détecter des SNPs à partir du mapping de reads  - GATK, deepvariants

- Analyser les données SNPs brutes (ex: stats, filtres) - vcftools, bcftools

- Exemples d’études possibles à partir de SNPs - SNIPlay

- Détecter des variants structuraux (SV) à partir de :

■ reads mappées contre un génome - breakdancer, sniffle

■ génomes entiers - nucmer, assemblytics, siry



Pour finir… Objectifs remplis ?

Détecter des variants (SNP, variants structuraux) à partir 
de données de séquençage short et long reads.

Applications  :

- Mapper des reads contre un génome bwa, minimap2

- Détecter des SNPs à partir du mapping de reads  - GATK, deepvariants

- Analyser les données SNPs brutes (ex: stats, filtres) - vcftools, bcftools

- Exemples d’études possibles à partir de SNPs - SNIPlay

- Détecter des variants structuraux (SV)

Avec jupyter book : lancer les commandes +  analyser les 
résultats  

=> Avoir un plan de bataille opérationnel



Take home message  

Quelques conseils  

- Prototyper votre analyse complète sur quelques individus  puis en 

augmentant le nombre d’individus 

- Attention aux paramètres d’étapes clés comme le mapping ou 

l’alignement

- Analyser les données brutes et définir des filtres 

- Persévérance et patience !!!!



Be Careful to data drowning!
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Citations  

Si vous utilisez les ressources du  plateau  i-Trop.

Merci de nous citer avec:
 
“ The authors acknowledge the  ISO 9001 certified IRD 
i-Trop HPC (South Green Platform) at IRD montpellier for 
providing HPC resources that have contributed to the 
research results reported within this paper.
    URL: https://bioinfo.ird.fr/- http://www.southgreen.fr”



Projets 

● Pensez à inclure un budget ressources de calcul dans vos 
réponses à projets

● Besoin en disques dur, renouvellement de machines 
etc…

● Devis disponibles

● Contactez bioinfo@ird.fr : aide, définition de besoins, 
devis...

mailto:bioinfo@ird.fr


En informatique, 

la pensée magique ne fonctionne  pas !

• Il faut pratiquer … et … restez calme !

•  

• à vous de jouer !



Last but not least !

Service formation IRD et CIRAD

- Christel Gruau

- Isabelle Lecomte

Core Cloud

- Christophe Blanchet et 

toute l’équipe biosphere

Louis Dennu pour les données du “practice Day 4”



Thanks you all, and hoping the  
teaching was helpful

   

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/


Formateurs 

● Alexis Dereeper

● Julie Orjuela-Bouniol

● François Sabot

● Christine Tranchant-Dubreuil





Variations around genotypes 
and  SNP anthem



Standard approaches

Fuentes-Pardo and Ruzzante, 
2017
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PoolSeq

Fuentes-Pardo and Ruzzante, 
2017

8



PoolSeq, barcoded

Cao-Sun et al, 2016
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Phylogenomics using probes

Mariac et al, 2014

Young and Gillung, 2019
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Phylogenomics using amplicons

From Illumina
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Adaptative sequencing

From Nanopore
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Other ways to analyse diversity...



Pangenomics

From Bayer et al, 2020
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Pangenomics & visualisation

From Tranchant-Dubreuil et al, unpublished
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Pangenomics & visualisation

From Tranchant-Dubreuil et al, unpu blishe
d

From Durant et al, unpublished
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Metagenomics

From Wikipedia

From Yau and Cavicchioli, 2011
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