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TECHNOLOGIES NECESSITANT DE L’ADN 
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BIONANO GENOMICS 

Technique de cartographie optique 

- Avantages: analyse de grandes molécules (150 kb à 2Mb), amélioration des assemblages, 

détection des SVs, haplotypage, étude de la réplication, étude des marques épigénétiques 

 

- Inconvénients : préparation du matériel difficile, nécessite une référence de qualité. 
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MARQUAGES BIONANO 
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LES DIFFÉRENTS PROJETS 

Cotesia glomerata 

Fagus sylvatica 
Phaeophyceae Populus nigra 

Arabidopsis 

thaliana 

Musa spp 

Citrus spp Espeletia schultzii Prunus spp Spartina 



THE PROJECT: BIOLOGY 

Musa schizocarpa 

S; n= 11 
≈ 600Mb 

Musa accuminata (A) 

Musa balbisiana (B) 

AAA, AAB 

Biotic and abiotic stresses: improvement of the selection 

Structural variations, phasing: phylogeny, genetic diversity  

Human food  

and oil production 

Oilseed rape 3rd source of 

vegetable oil in the world 

and 1st in Europe 

Human food  

>117 millions t/year  

≈ 529Mb ≈ 630Mb 

≈ 1.2Gb 



THE PROJECT: TECHNOLOGIES 

Oxford Nanopore Technologies BioNano Genomics 

Saphyr 

MinIon 

PromethIon 

Illumina 

Sequencing Optical mapping 



STRATEGY 

Nuclei isolation & DNA extraction 
Home-made protocols 

Eva Hribova protocol 

Bionano protocols 

 

BNG DNA Labeling 
NLRS: BspQI 

DLS: DLE1 (beta-test) 

Nanopore sequencing 
DNA from plugs or from liquid extraction 

MinIon or PromethIon 

Bionano Saphyr run 
1 FC/labelled sample  

Nanopore reads 
Assembly 

Polishing 

 

BNG molecules 
de novo Assembly 

2enzymes Hybrid scaffold 

Final assembly 
Polishing 

High quality genome 
Genes and TEs annotation 

Wet lab Bioinformatics 

Plant samples 
Very young leaves 

 



NUCLEI ISOLATION  

& DNA EXTRACTION 

The most limiting step!!!!! 

Isolate HMW DNA 

Samples 

Plants 

HMW DNA Quality control  

BioNano protocols (4 for plants) 

Home-made protocols 

Tapestation (Agilent technologies) 

Pippin Pulse (Sage Sciences) 

Qcards Argus® System (Opgen) 

Young leaves Dark treatment 

Polyphenols 



NUCLEI ISOLATION IMPROVEMENT 

For Brassica spp: 

Home-made protocol adapted from Zhang et al., 1995 and Zhang et al., 2012  

Training of the collaborators (INRA, Rennes) at Genoscope 

High quality DNA 
 

For Musa spp: 

Tests on home-made protocols, bionano protocols did not succeed 

Test Eva Hribova protocol adaptation: good for M.schizocarpa 

Good Good (but…) 

M. schizocarpa 

Other species 

Not good Not good 

2500g 200g 

g force Genome size 
1 200xg > 6Gb 
2 000xg 2-6Gb 
2 500xg 0.3-2Gb 
3 500xg <0.3Gb 

supernatant 

400g 



NOUVEAUX ASSEMBLAGES BRASSICA 

Brassica rapa et Brassica oleracea 

 

+ Brassica napus ‘synthétique’ en cours 

Brassica rapa : Z1 – yellow sarson – diploïde – 10 chr – 529Mb 

Brassica oleracea : HDEM – broccoli – diploïde – 9 chr – 630Mb 

Brassica napus ‘synthétique’ : RCC-S0 – tétraploïde – 19 chr – 1,2Gb 

Brassica napus ‘synthétique’ : RCC-S0  Brassica rapa : Z1 Brassica oleracea : HDEM  



STRATÉGIE MISE EN ŒUVRE POUR 

ASSEMBLAGE DE NOVO 

Constructions de cartes optiques Bionano 

2 cartes : BspQI et DLE-1 

Séquençage et assemblage long-reads Nanopore 

entre 32X et 79X 

Séquençage short-reads Illumina : polishing 

paired-ends 250pb, PCR-free 

environ 50X 



STATISTIQUES DES DONNÉES 

ONT  

 

 Brassica oleracea Brassica rapa 

  HDEM Z1 

# Reads (>1Kb) 1,242,230 3,763,611 

Cumulative size 20,081,668,921 31,496,053,430 

Average size (bp) 16,165.8 8,368.57 

N50  
(bp) 32,339 15,042 

N90  
(bp) 7,718 3,570 

Max size (bp) 607,633 582,421 

# of reads 
 > 50Kb 77,223 30,453 

Coverage 31.87X 79X 

Coverage (reads >50Kb) 8.23X 5.08X 

Number of flowcells 14 12 
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ASSEMBLAGE DE NOVO ONT 

Jean-Marc Aury– CEA-IbFJ/Génoscope, Evry 

Assemblage de génomes - ONT panorama 

11h35 



STATISTIQUES DES DONNÉES 

BRUTES BIONANO 



STATISTIQUES DES CARTES 

OPTIQUES BIONANO 

A rough assembly was 1st performed with parameters: -i 0 -V 0 -A -z -u -m (pipelineCL.py).  

This 1st result was used as a reference for a 2nd assembly,  

launched with the following parameters: -y -r (rough assembly cmap) -V 0 -m 



SYNTHÈSE DES SCAFFOLDINGS 

Comparaison aux 1er génomes de référence (TO1000 (2014) et Chiifu (2017) : short-reads assemblies) 



COMPARAISON GÉNOME TO1000 

(SHORT-READS) VS HDEM (LONG-

READS) : NUCMER 

TO1000 (short-reads) : 9 pseudochromosomes  
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COMPARAISON GÉNOME CHIIFU 

(SHORT-READS) VS Z1 (LONG-READS) 

: NUCMER 

Chiifu (short-reads) : 10 pseudochromosomes  

Z
1

 (
lo

n
g
-r

e
a
d
s
) 

: 
2
6
 s

c
a
ff
o
ld

s
 l
e
s
 +

 l
o
n
g
s
 



COMPARAISON ASSEMBLAGE HDEM 

AVEC LA CARTE GÉNÉTIQUE 

RICHELAIN X HDEM 

Distances 

génétiques 

Ancrage physique 

SNP sur scaffolds 

Peu ou pas de 

recombinaison 

Ancrage physique 

de séquences  

centromériques 
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