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VCF file format for Variant Call FormatProgramme & Logistique

13 apprenants 

Objectifs : Initiation à la bioinformatique avec 2 cas pratique détection de variants 

structurants 

- SNP : données short reads illumina 

Détections SNP > post Analyses  

- Génomique comparatique :  données  long reads

Détections de SNPs et de variants structuraux

Assemblage et Comparaison de génomes assemblés 

linux, Jupyter book, bash, python, protocoles bioinfos et bioanalyses

9 apprenants 

Objectifs : 2 projets à mener 

- Métagénomique à partir d’un échantillon prélevé dans un champs (virus, 

bactérie)

- Détection de SNPs à partir d’échantillons d’Ignames séquencés  

Terminal Linux, Cluster UZB
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VCF file format for Variant Call Format

13 Apprenants

KIENDREBEOGO 

Touwendpoulimdé 

Isabelle

AHONON 

Awovi Selom

GBEKLEY 

Efui Holaly
TUINA Sévérin

DOSSIM 

Sika
BA Aminata 

Hamidou

TONDE 

Ignace
SIRIMA  

Constant

BADOUM Emilie 

Salimata

ZOURE Abdou 

Azaque

ADAMOU IBRAHIM 

Maman Laouali

SANOU Estèle 

Pélagie
PALANGA Essowè

Génétique,Bm, Cancer du 

sein, Mutation, BRCA

S. rotundifolius, S. stenocarpa, 

plantes mineures, diversité

Flux de gènes, Dynamique de 

la diversité, Sorghum bicolor,

Diversité S. rotundifolius: 

Profil morphologique/ 

génétique des morphotypes 

cultivés ( BF,  Ghana)

RNA Seq, Plasmodium falciparum 

ACT-sensible/ ACT-résistant

Microbiome instestianal du moustique 

(Illumina) , Gène BRCA (Sanger)

Analyse de la distribution génétiques et des 

régions liées au sexe des palmiers du Sahel

Metagenomique, virus, interaction plante-

parasite, phytopathologie

Solenostemon 

rotundifolius,  

interactions génotype x 

environnement , profil 

génitique,

tilapia du Nil, déterminisme du

sexe, contrôle du sexe,

population monosexe mâle,

marqueurs chromosomiques
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8 Apprenants

OUEDRAOGO 

Jacques
DANOU-KODJO 

Kodjovi Atassé

SAGNON 

Adama

NAME Pakyendou 

Estel

ZONGO 

Saïdou

SAWADOGO  

Seydou

Métagénomique-Variabilité 

génétique-Phytopathologie

Diversité génétique/biochimique des cultivars 

d’ignames cultivées au Burkina Faso.

Oxford Nanopore Technologie, Séquençage, 

Geminivirus, longs reads, NGS

Surveillance participative, maladies

virales, racines et tubercules,

séquençage

phosphate, solubilisation, 

bactéries, champignons

Epidémiologie; Virus; ADN; CRESS; 

Séquençage

SARS-CoV 2, facteurs génétiques, clairance,   
l’hôte humain,  formes sévères.

LALLOGO P. Doriane 

Tatiana

SORY Siedou



VCF file format for Variant Call FormatFormateurs

Dereeper Alexis

Interaction plantes-pathogène, pangénomique des 

xanthomonas, diversité  du riz, Kite surfeur 

Orjuela-Bouniol Julie

Assemblages de génomes, annotation, diversité, métagénomique

Développement des méthodes pour l’analyse de la diversité des plantes sans 

référence 

Tranchant-Dubreuil 

Christine

diversité des riz africains,  mécanismes 

d’adaptation et de sélection, pangénomique, 

variants structuraux (SNP mais pas que)

Tibiri B. Ezéchiel

Brunel Dominque

Centre Nationale de 

Génotypage - INRAE

Interaction plantes-pathogène,



VCF file format for Variant Call FormatProgramme

Mode “training”

● Session cours suivi par 

● Session pratique en autonomie 

(individuel ou en groupe)

● Correction en groupe

Mode “projet”

● brainstroming en groupe, avec les formateurs

● projet en autonomie…

● debriefing collectif

● 2 projets en parallèle !

2 formations …

2 ambiances 

Des données différentes pour les 2 groupes avec des analyses différentes !!!

Apprendre à réaliser une analyse bioinformatique

Avoir un oeil critique lors de la (bio)analyse des données

Maîtriser linux, les outils bioinformatiques 

auton

omie



VCF file format for Variant Call Format

● Nos Adminsys burkinabé : Ousmane Barra, Seydou Konsimbo, Ndomassi Tando… Ezéchiel

● Le comité d’organisation : Ezéchiel, Fidéle Tiendrebeogo, Romaric Nanema, Isidore Boungoungou… 

● Toutes nos tutelles, l’université JZK

● Le LMI Patho Bios : James Neya, Charlotte Tollenaere et Christophe Brugidou

A little history of sequencing...Mais aussi…





Introduction
Bioinformatics & Sequencing 



VCF file format for Variant Call FormatWhat is the bioinformatics ?

A interdisciplanary science



VCF file format for Variant Call FormatDe la génétique à la bioinformatique...

1866

Lois de l’hérédité

1954

Structure en double 

hélice de l’ADN

J. Watson & F. Cricks & franklin

1944

Nature chimique de l’ADN, matériel héréditaire

O. Avery, C. McLeod & McCarthy

1961

Code génétique et règle 

de correspondance 

gènes-protéines

M. Nirenberg & H. Matthaei

1965

Mécanismes de la 

régulation génétique

André Lwoff, F. Jacob & J. Monod



VCF file format for Variant Call FormatDe la génétique à la bioinformatique...

1970

Algo Alignement 

global de séquence

Needman, & Wunsh

1977

Micro-ordinateurs

1972 1er microprocesseur intel 

8008

Séquençage ADN

P. Berg, W. Gilbert & F. Sanger

1985

Algo Alignement local de séquence 

FASTA 

Person & Lipman

1990

Algo Alignement local de séquence 

BLAST 
Altschul & al.

1980

Banque EMBL, GenBank, PIR
1984

Amplification ADN - PCR

Karry Mullis

1987

1er séquenceur automaisé 

L. Hood Société Applied Biosystems



VCF file format for Variant Call FormatYour turn !

1 - How many base pairs (bp) are there in a human genome?

2 - How much did it cost to sequence the first human

genome?

3 - How long did it take to sequence the first human genome?



VCF file format for Variant Call FormatYour turn !

1 - How many base pairs (bp) are there in a human genome?

3 billion

2 - How much did it cost to sequence the first human

genome?

2.7 billions

3 - How long did it take to sequence the first human genome?

> 10 years



VCF file format for Variant Call FormatA little history of sequencing...

*DNA sequencing : determining the order of the four bases or nucleotides 

that make up a given molecule of DNA 



VCF file format for Variant Call FormatA little history of sequencing...

5kb

11

1,8 Mb

1,740

12 Mb

300

100 Mb

22,000

125 Mb

~30,000

3,3 Gb

~21,000

289 Mb

~35,000

1996      19981977 1995 2000 2001 2002 2008



VCF file format for Variant Call FormatSeveral sequencing technology

sanger

solexa, 454, illumina

PacBio, oxford 

nanopore



VCF file format for Variant Call FormatSeveral sequencing technology

Sequencing output, price, reads size, sequencing quality

sanger

solexa, 454, illumina

PacBio, oxford 

nanopore



VCF file format for Variant Call FormatFrom Sanger to 3rd sequencing technology

Illumina
PacBio, ONT

sanger



VCF file format for Variant Call FormatFrom Sanger to 3rd sequencing technology

Une augmentation du débit de séquençage

Illumina



VCF file format for Variant Call FormatFrom Sanger to 3rd sequencing technology

Une augmentation du débit de séquençage

Illumina



Short Reads ? 
Long Reads ?



VCF file format for Variant Call FormatShort Reads - Illumina technology

Vijender Chaitankar et al 2016



VCF file format for Variant Call FormatShort Reads - Illumina technology

Shotgun

Capture

Amplicon

https://dridk.me/ngs.html



VCF file format for Variant Call FormatShort Reads - Illumina - PROS & CONS

✓ Output volume 20 billions of 150b reads, 6T

NovaSeq6000

✓ Accuracy ~99 % 

✓ Run is cheap

✓ MySeq is cheap ~60 000 USD per machine

● Size 150 + 150, NovaSeq

but 400 pb, MySeq



VCF file format for Variant Call FormatLong Reads

ONT is based on the translocation of a
DNA or RNA strand through a nanopore
located in an artificial membrane. Multiple
nucleotides located in the nanopore
determine the flow of ions through this
nanopore in a specific way by physically
blocking the space. This change in ion flux
is recorded as an electric signal and further
converted into sequence information.

Single-Molecule Real Time (SMRT)
sequencing detects fluorescent light
emitted from nucleotides upon
incorporation into a DNA strand. The DNA
polymerase is located at the bottom of a
well and synthesises a new DNA strand.
The integration into the new DNA strand
keeps the nucleotide for a sufficiently long
time in the well to allow detection.

Boas Pucker et al. 2022
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VCF file format for Variant Call FormatLong Reads - Oxford nanopore

Plant genome project workflow from DNA extraction over ONT sequencing to data submission

Boas Pucker et al. 2022



VCF file format for Variant Call FormatLong Reads 



VCF file format for Variant Call FormatLong Reads - Oxford nanopore technology

From Circulation 
Research

• No Amplification

• NO SYNTHESIS

• Very Long Length



VCF file format for Variant Call FormatLong Reads - Oxford nanopore - PROS & CONS

✓ No Amplification, NO SYNTHESIS, Very Long Length

✓ Single strand direct sequencing

✓ Bases Modification detection in real-time

✓ Native RNA!

✓ Read length ~ 10-50kb more than 2Mb reported

✓ Run cheap 1,000 USD for 30Gb by now minimum

✓ Machine cheap 1,000 USD for Minion

✓ Fast 15mn library, 48-72h run

● Error Rate 3-8%, can be corrected, 1-2% in tests

● Quality of DNA/RNA limits the sequencing



VCF file format for Variant Call FormatLong Reads - Oxford nanopore - What you can do with it ?

From Nanopore website
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From Nanopore website



VCF file format for Variant Call FormatLong Reads - Oxford nanopore - What you can do with it ?

Boas Pucker et al. 2022
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From wikipedia website

From Camille Rustenholz (Univ. Strasbourg, inrae) - Methods for plant genome assembly 



VCF file format for Variant Call FormatFrom data rarity to data deluge

The Great Wave off Kanagawa, Hokusa @amitechsolutions.com
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VCF file format for Variant Call FormatGenome Totals by year and status

from https://gold.jgi.doe.gov/statistics



VCF file format for Variant Call FormatProject Totals by year and domain group

from https://gold.jgi.doe.gov/statistics



VCF file format for Variant Call FormatNumerous resources available 

Biological Databases

✓ Sequence

○ Nucleic : Genbank

○ Proteic :  TrEMBL 

PIR, Pfam, Prosite

✓ Structure PDB SCOP CATH

✓ Specialized by organism, by sequence type
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VCF file format for Variant Call Formathttps://www.ncbi.nlm.nih.gov/datasets/genomes



VCF file format for Variant Call FormatSRA (Sequence Reads Archive) / 
ENA (European Nucleotide Archive)
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VCF file format for Variant Call FormatRice Genome Hub



Sequencing project
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- Question scientifique => quelle stratégie ? Quel échantillonnage ?

Quelle stratégie bioinfo ?

Design 
expérimental
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VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

- Question scientifique => quelle stratégie ? Quel échantillonnage ?

Quelle stratégie bioinfo ?

- Quel méthodo de séquençage ? Quelle couverture de séquençage ?

- Quel volume de données brut? Sur quel cluster les analyses

bioinformatiques vont-elles être tournées ?

- Qui va analyser mes données ?

- Où est ce que je vais stocker mes données?

Design 
expérimental
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Design 
expérimental

Préparation 
banque
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Design 
expérimental

Préparation 
banque

● Adaptateurs 

● Contamination 
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Design 
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VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

● Qualité de séquençage

● Profondeur de séquençage
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Genomic DNA is fragmented (not Nanopore) and sequenced -> millions of small sequences (reads) 

from random parts of the genome

Depending on sequence technology, reads can be from 100 bp up to 100kb in length
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

GENOME DE 
REFERENCE ?

No

Yes
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

GENOME DE 
REFERENCE ?

NoASSEMBLAGE
de novo

YesAnnotation
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From Camille Rustenholz (Univ. Strasbourg, inrae) - Methods for plant genome assembly 
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From Camille Rustenholz (Univ. Strasbourg, inrae) - Methods for plant genome assembly 
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VCF file format for Variant Call FormatSequencing and genome assembly

Puzzle 400 pièces  “petite taille”



VCF file format for Variant Call FormatSequencing and genome assembly

Puzzle 400 pièces “petite taille” 

+ 100 pièces “ciel” + …



VCF file format for Variant Call FormatSequencing and genome assembly

Puzzle 100 pièces - “grande taille”



VCF file format for Variant Call FormatSequencing and genome assembly

Puzzle 100 pièces  “grande taille”

+ ~ 20 pièces “ciel”



ASSEMBLAGE
de novo

Annotation

VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Adapted from Ross Whetten… 

GENOME DE 
REFERENCE ?

Yes
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Adapted from Ross Whetten… 

GENOME DE 
REFERENCE ?

Yes
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Adapted from Ross Whetten… 

GENOME DE 
REFERENCE ?

Yes

MAPPING CONTRE 
LE GENOME
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Adapted from Ross Whetten… 

GENOME DE 
REFERENCE ?

No

MAPPING CONTRE 
LE GENOME

Yes

ASSEMBLAGE
de novo

Annotation
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Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

Adapted from Ross Whetten… 

GENOME DE 
REFERENCE ?

NoASSEMBLAGE
de novo

MAPPING CONTRE 
LE GENOME

ANALYSES POST 
MAPPING

Yes

SNP, GWAS? expression 
différentielle

Annotation



VCF file format for Variant Call FormatApplication: Metagenomics



VCF file format for Variant Call FormatApplication: Metagenomics



VCF file format for Variant Call FormatApplication: Metagenomics



VCF file format for Variant Call FormatApplication: Metabarcoding

http://www.sixthresearcher.com/amplicon-sequencing-and-high-throughput-genotyping-metagenomics/
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http://www.sixthresearcher.com/amplicon-sequencing-and-high-throughput-genotyping-metagenomics/
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From SG-ABiMS RNAseq Training Sept 2019



VCF file format for Variant Call FormatApplication: Transcriptomics / RNASeq

From Abims RNAseq Training oct 2018



VCF file format for Variant Call FormatApplication: Transcriptomics / RNASeq



VCF file format for Variant Call FormatSingle Nucleotide Polymorphism



VCF file format for Variant Call FormatApplication : Global genotyping & Population genomics

From Y. Vigouroux



VCF file format for Variant Call FormatApplication : African rice domestication

From Y. Vigouroux



VCF file format for Variant Call FormatApplication : Genomics help untangled past events

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

From Cubry et al, 2018

WHEN ?

Pairwise Sequentially Markovian 

Coalescent (PSMC)



VCF file format for Variant Call FormatApplication : Aproximate Bayesian spatial approach

From Cubry et al, 2018

WHERE ?



VCF file format for Variant Call FormatApplication : Detection of selection 

Prog1 deletion

Prostrate growth 1



Example in GWAs & Population Genomics

31



Example in GWAs & Population Genomics

30



Be Careful to data drowning!

38





Studying Genetic Diversity

using Single Nucleotidic 

Polymorphism (SNP)
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VCF file format for Variant Call FormatTheory of evolution - C. Darwin 1859

Understanding how individuals of a same species vary

✓ Variations between individuals 

✓ Natural selection in a population

● Each individual = unique combination of traits 

● Inherited varaitions that confer an advantage (increasing 

an organism’s chance of survival) will be pass to 

offspring 



VCF file format for Variant Call FormatMutations & Variations as main source of genetic diversity

Single Nucleotide Polymorphism



VCF file format for Variant Call FormatMutations & Variations as main source of genetic diversity

Single Nucleotide Polymorphism Structural Variations

Deletion

Insertion 

Inversion

Duplication

translocation



VCF file format for Variant Call FormatMutations & Variations as main source of genetic diversity

Presence Absence Variation (PAV)

Deletion, duplication, copy number 

variation, mobile element insertion

Single Nucleotide Polymorphism Structural Variations



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 ?



VCF file format for Variant Call FormatGene number variations within a species

Streptococcus agalactiae

▸ 8 strains sequenced 

▸ SNP variations

Large number of genes not shared between isolates 

20% genome variability and 80 % shared by all isolates

Pangenome concept

Tetellin et al., 2005 
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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,...)



VCF file format for Variant Call FormatWhat’s else ?

▸ 12,150 genes absent from the reference

(18 cultivars)

▸ 27,175 genes absent from the reference

(26 cultivars)



VCF file format for Variant Call FormatFrom the first pangenome analyse by Tettelin & al.

Over 20 eukaryotic pangenomes 
constructed (12 Mb to 17 Gb) 



VCF file format for Variant Call FormatHow to detect SV ?

Mode “training”

● Session cours suivi par 

● Session pratique en autonomie 

(individuel ou en groupe)

● Correction 

Mode “projet”

● brainstroming en groupe, avec les formateurs

● projet en autonomie…

● debriefing collectif

● 2 projets en parallèle !

2 formations …

2 ambiances 

Des données différentes pour les 2 groupes avec des analyses différentes !!!



VCF file format for Variant Call FormatUn même plan de bataille… ou pas !!!



-

#data

Détection de variants  

à partir de données de séquençage short 

& long reads



VCF file format for Variant Call FormatWhat data will we use for our training ?

From 

Wikimedia

Genre Oryza

● 21 espèces sauvages



VCF file format for Variant Call FormatWhat data will we use for our training ?

From 

Wikimedia

Genre Oryza

● 21 espèces sauvages

● 2 espèces domestiquées

○ Oryza sativa

○ Oryza glaberrima



VCF file format for Variant Call FormatWhat data will we use for our training ?

From 

Wikimedia

Oryza sativa

● Culture céréalière importante

● aliment de base de plus de la moitié de la population humaine

● Espèces diploïdes, 2n = 24 (genome AA)

● Céréale avec un génome petit

● Plante modèle

● Domestiquée ~10000 ans - O. rufipogon



VCF file format for Variant Call FormatWhat data will we use for our training ?

20 indidividus d’O. sativa ⇔ 20 clones 

avec une diversité intéressante

Séquençage short and long reads 
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20 indidividus d’O. sativa ⇔ 20 clones 

avec une diversité intéressante

Séquençage short and long reads 



VCF file format for Variant Call FormatWhat data will we use for our training ?

1. Extract 1 Mb from the Chromosome 1

2. Create 20 exact clones

3. Introduce mutations with bioinformatics program

a. SNP : from 1 to 10%

b. indel : between 10bp and 10kb

c. duplications

4. Getting 20 clones with different mutations that were 

sequenced in silico (short & long reads) 

20 indidividus d’O. sativa ⇔ 20 clones 

avec une diversité intéressante



Projet SNP



MISSION IMPOSSIBLE 

NOM DE CODE : “PROJET SNP” 

Votre mission si vous l’acceptez…

X



#LIEU : Burkina Faso



#MISSION : 

Le Docteur kezako, chercheuse non spécialiste en

bioinformatique a réalisé une longue prospection en Afrique.

Elle a notamment ramené des échantillons d’ignames (elle pense

que c’est de l’igname) qui présentent une diversité

phénotypique particulièrement intéressante dans le contexte

climatique actuel.

- Avons nous collecté une nouvelle

espèce d’igname ?

- Ou avons nous collecté des ignames

domestiqués ? sauvages ?



#MISSION : 

Malgrè son emploi du temps très chargée, elle a séquencé 10

individus

Elle met à votre disposition ces données de séquençage ainsi

5 collègues qui pourront vous assister mais leur temps est

précieux car ils ont une autre mission à mener en parallèle…

Dominique

Je compte sur vous !!!!



#DATA : 

Décrire où seront les données à partir de mardi…



A vous de jouer !

V





Metagenomic



Comment caractériser la diversité 
métagénomique de l'échantillon mystère ?

NOM DE CODE : "MÉTAGÉNOMIQUE" 

#MISSION :



#MISSION :

La productrice Mme. BOBODOU voudrais savoir pourquoi 

son champ d’ananas est peu productif

Elle a vu que les feuilles de la plante etaient plus 

jaunes que d’habitude… Elle s'inquiète! 

Elle a collecté quelques feuilles et a fait séquencer 

son échantillon mystère par la technologie Oxford 

Nanopore à un collègue de l’UJKZ.

=> Aidez-lui à caractériser cet échantillon ! 



#MISSION :

- Aidez-lui à caractériser cet échantillon !

- Au laboratoire quelques marqueurs 

PCR sont négatifs pour les 

bactéries et les champignons 

pathogènes? aussi pour certains 

virus. Il s'agit d’une nouvelle 

espèce ? 



A vous de jouer !





Bioinformatics resources 



On va travailler sous Linux !

▪ 2 façons d’utiliser linux :

en mode graphique



On va travailler sous Linux !

▪ 2 façons d’utiliser linux :

en mode graphique



En mode terminal 

▪ 2 façons d’utiliser linux :

en mode console



En mode terminal 

▪ 2 façons d’utiliser linux :

en mode console

Sur le cluster de l’université !



En mode jupyter book

▪ Une troisième façon d’utiliser linux :

en mode jupyter bool

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



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_burkina 

https://github.com/SouthGreenPlatform/training_SV_teaching.git



Nécessité de la pratique et de l’expérience

⬄ Investissement non négligeable pour de bons résultats
rapidement





Alexis Dereeper - UMR PHIM

Julie Orjuela - UMR DIADE

Christine Tranchant-Dubreuil - UMR DIADE

Détection de variants  

à partir de données de 

séquençage short & long reads



VCF file format for Variant Call FormatUn même plan de bataille… ou pas !!!



VCF file format for Variant Call FormatObjectifs

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

Applications  :

- Mapper des reads contre un génome bwa

- Détecter des SNPs à partir du mapping de reads  - bcftools

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

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

Avec jupyter book : lancer les commandes +  analyser les 
résultats  

=> Avoir un plan de bataille opérationnel



RAW SEQUENCING DATA



VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

● Statistics

● Sequencing quality ? 

Adaptators ? Contaminants ?



VCF file format for Variant Call Formatfastq format 

1 sequence/read = 4 lines

- read id, starting by @
- read sequence
- Comment line starting by +
(usually contains read id).
- read Quality for each 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>



VCF file format for Variant Call FormatSequençing quality

PHRED SCORE

● Séquenceur assigne à chaque base séquencée un score lié à la probabilité que 

la base appelée soit fausse 

● Ce score (PHRED score) varie entre 0 et 50

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 %



VCF file format for Variant Call FormatHow to code quality score for each base with one letter ? 

@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

ACAAATGGTGTGTAAGAGTTAAAAAACAATTAATGAGCAACTGAGTTC

+

@@CFFFFFHFFHFGIJJIHHIIJJIIIHIJJJECGHIJJCHGICDGGGHJ<FGGIJJ 

@H4:C7C99ACXX:6:1101:1575:18963/2

AACATGTTTGTCGGGGGTTGGGAAATTGTCACTTTCTGCTACAATGCCG 

+

@<@DDDDDHFFFFDIIBDFGHHGG;FGGCHHAGGGIIH@E>AEDDEECAB>

1 sequence/read = 4 lines

- read id, starting by @
- read sequence
- Comment line starting by +
(usually contains read id).
- read Quality for each base



VCF file format for Variant Call Format

Code ASCII

How to code quality score for each base with one letter ? 



VCF file format for Variant Call Format

Code ASCII Phred 
Quality 
Score

0 .. 50 

How to code quality score for each base with one letter ? 



VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

● Statistics

● Sequencing quality ? Adaptators ? 

Contaminants ?



VCF file format for Variant Call FormatOVERVIEW OF DNA SEQUENCING PROJECT

Design 
expérimental

Préparation 
banque

Séquençage
.fastq

.fastq
.fastq

.fastq

● Statistics

● Sequencing quality ? Adaptators ? 

Contaminants ?

Basic statistics and quality control checks using  fastqc



VCF file format for Variant Call Formatfastqc 

# fastqc command
fastqc /path2fastq/AX8798.fastq -o path2fastqcDIR

fastqc /path2fastq/* -o path2fastqcDIR

fastqc to get some basic statistics and to do some quality control checks 

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/

[command line] manuel : 
https://manpages.ubuntu.com/manpages/trusty/man1/fastqc.1.html#:~:text=DESCRIPTION,of%20proble

m%20in%20your%20data

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://manpages.ubuntu.com/manpages/trusty/man1/fastqc.1.html#:~:text=DESCRIPTION,of%20problem%20in%20your%20data


FastQC : Basic Statistics



This plot shows the base quality score distribution for all reads in a lane, with 
each read position considered independently.

• x-axis = position in read (bp)
• y-axis = Phred-like base quality score [pink=0-20, tan=20-30, green=30-40] 
• red bar = median score, blue line = mean score
• yellow box = 25th to 75th percentile, black whiskers = 10th to 90th percentile

FastQC : Per base sequence quality

185



FastQC : Per base sequence quality

186



FastQC: Per sequence quality scores



FastQC: Per base sequence content



FastQC: Per sequence GC content

• A contamination ?



FastQC: Per sequence GC content

• A contamination ?

Can this be fixed ? Maybe… 



FastQC: Per sequence GC content



Third-party contamination : 
detection

Sabellaria alveolata : mantle transcriptome



FastQC: Sequence Duplication Levels



FastQC: Sequence Duplication Levels

Can this be fixed? Hem…



FastQC: Overrepresented sequences

Adapter dimers
rRNA
Satellite sequences



FastQC: Kmer Content



VCF file format for Variant Call Formatfastqc 

# fastqc command
fastqc /path2fastq/AX8798.fastq -o path2fastqcDIR

fastqc /path2fastq/* -o path2fastqcDIR

fastqc to get some basic statistics and to do some quality control checks 

fastqc generate one report by fastq file

With numerous fastq and fastqc report => use MultiQC



VCF file format for Variant Call FormatMultiQC 

# MultiQC command
multiqc path2fastqcDIR

MultiQC : a modular tool to summarise results from a bioinformatics analyse 

performed on many samples into a single report

https://multiqc.info/

https://multiqc.info/


VCF file format for Variant Call FormatCleaning sequences

cutadapt, trimmomatics 

QUALITE DE SEQUENÇAGE & « NETTOYAGE »

● Détection et retrait des adaptateurs et primers

● Retrait des queue polyA/T

● Détection des séquences contaminantes, ARN ribosomal

● Masquage des bases avec  phred score bas par N 

● Séquences courtes après retriat des adaptateurs


