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GeT

Genomics and Transcriptomics (GeT) Core Facility 
of Genotoul hosted by

A strong partnership with a bioinformatics core facility 

A node of  the National Distributed Infrastructure « France Génomique » 60 
M€ / 8 y)

Quality certifications ISO9001  & NFX 50 900, Propel

Core Facility
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GeT

35 people on 5 sites
• Experts in Agronomy, the Environment, Microbiology, Health

• Competences in biology, bioinformatics, biostatistics

GeT-PlaGe : more than 140 laboratories in 2016 (INRA, CNRS, INSA, INSERM, CHU, CIRAD …)

• More than 240 research teams

• More than 360 projects

Team and expertise
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GeT-PlaGe
NGS technologies

Illumina : MiSeq + HiSeq 3000

10x genomics : Chromium

Pacbio : RSII

ONT : MinION + GridION

Short reads

Synthetic long reads

Long reads
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Nanopore for genome assembly (vs Pacbio)

Sequencing of Fowlpoxviruses in clinical
samples

How does Nanopore meet the needs of our users ?
(DNA studies)
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Genome assembly using Nanopore technology
Yield

Good quality DNAs
A260/280,A260/230  1.8-2.2

Bad quality DNAs
A260/280,A260/230  <>1.8-2.2

Mean yield : 9.9 Gb
~ 70 % reads >Q10

Mean yield : 2.4 Gb
~ 40 % reads >Q10
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- Have a good quality DNA

- Start the library prep with the right number of molecules

- Make a suitable library prep

Genome assembly using Nanopore technology
Higher yields

Nanodrop

A260/280 = 1.8-2.2

A260/230  = 1.8-2.2

Qubit

Megaruptor shearing
(improves the yield ; if necessary)

BluePippin
(Removes small fragments ; if necessary) 

Fragment analyzer
DNA < 40 kb

FEMTO
DNA > 40 kb
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« le test des billes »

Clean DNAPolysaccharides
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Genome assembly using Nanopore technology
Assemblies improvement (small genomes)

Data Xanthomonas campestris
(5Mb)

Arabidopsis thaliana
(120Mb)

Ganoderma boninense
(50Mb)

Illumina 50-100 contigs > 1000 contigs > 10 000 contigs

+ 1FC (>>>80X Nanopore) + 1FC (80X Nanopore) + 1FC (100X Nanopore)

Illumina + Nanopore 1 contig 140 contigs 525 contigs

Complexity
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Pacbio vs Nanopore
Lib prep and bioinformatics

Sequencing
+ 

Live basecalling
(1D)

Assembly
(Canu)

Polishing
(Pilon)

Day1 Day6

Nanopore

Pacbio Sequencing
+

Live 
basecalling

Assembly
+

PolishingLibrary preparation

Library 
preparation

Example of a bacterial genome assembly :
Same quantity of data / Same informatics resources

Day1 Day7

Sequencing Basecalling (1D²)
Assembly

(Canu)
Polishing

(Pilon)
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Pacbio vs Nanopore
Accuracy and correction

Technology Accuracy

Pacbio P6C4 81.3 %

Nanopore Albacore V0 81.0 %

Nanopore Albacore V1 86.3 %

Nanopore Albacore V2 1D 86.4 %

Nanopore Albacore V2 1D² 90.4 %

Illumina 99.7 %

Methods % Complete genes % Fragmented genes % Missing genes

Nanopore (1D ; R9.4) Albacore V1 12.2 27.0 60.8

Nanopore (1D ; R9.4) Albacore V1 Nanopolish 71.6 15.5 12.9

Nanopore (1D², R9.5) Albacore V2 Racon x2 77.0 7.4 15.6

Nanopore + Illumina Pilon 95.3 0 4.7

Pacbio P6C4 95.3 0 4.7

Assemblies assesment (BUSCO)

Raw read accuracy

Example of a bacterial genome assembly :
Same quantity of data / Same informatics resources

Oxford Nanopore announcement
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Pacbio vs Nanopore
Comparison

Nanopore Pacbio

RSII SEQUEL (expected)

Sensitivity (DNA quality) Sensitive Very sensitive

Lib prep 2 days 4 days

Yield 7.5Gb/FC 1-2Gb/SMRT 5Gb/SMRT

Bioinformatic analysis 3-6 days 3 days

Methylations « Included »

Assembly quality

Price

DNA quantity 1.8µg/Gb (5.4 for 1D²) 1µg/Gb 70ng/Gb

+1

+1
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Pacbio vs Nanopore
Comparison

Nanopore Pacbio

RSII SEQUEL (expected)

Sensitivity (DNA quality) Sensitive Very sensitive

Lib prep 2 days 4 days

Yield 7.5Gb/FC 1-2Gb/SMRT 5Gb/SMRT

Bioinformatic analysis 3-6 days 3 days

Methylations « Included »

Assembly quality

Price

DNA quantity 1.8µg/Gb (5.4 for 1D²) 1µg/Gb 70ng/Gb

+1

+1
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Nanopore for genome assembly (vs Pacbio)

Sequencing of Fowlpoxviruses in clinical
samples

What am I going to talk about for the next 20 minutes ?
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Nanopore in the veterinary field

Portable device

● Shipment for samples with a biological risk : 
500-1000€

● Biosecurity : better to keep the sample on site

Identification without a priori

Guillaume Croville, Jean-luc Guerin

● Symptoms

● PCR

● Histology
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Nanopore in the veterinary field
Context

D

- Mortality : 2% daily
- dsDNA virus
- ~ 290 kb

→ Proof of concept of the identification of Fowlpoxviruses without
enrichment or isolation step

Sample not necessary dedicated to sequencing (especially long-read
sequencing)
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Nanopore in the veterinary field
Samples

D

Tissue lysis O/N @ 55°C using SNET/PK buffer1

DNA extraction using Phenol:Chloroform: Isoamyl Alcohol1

Rnase treatment

Total = 10 samples
Fowlpox virus confirmed : PCR p4b locus and fpv140 gene

A260/280 : 1,93
A260/260 : 2,10

Total = 7 samples for sequencing

A260/280 : 1,92
A260/260 : 1,95

Quality control
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3.6Gb
All barcodes = 

634 000 reads (70%) 

Run 1 Run 2

Nanopore in the veterinary field
Runs

3 Samples 4 Samples

2.6Gb
All barcodes = 

436 000 reads (65%) 

8Kb gtube shearing 1D protocol

M
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~ 250 € / sample

48 hours

3 hours

R9.4 FCs
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Nanopore in the veterinary field
Results : Fowlpox identification

Fowlpox reads found in all samples
- % of fowlpox sequences depends on the « taking zone »
- Prefered zones : cutaneous lesions or tracheal lesions

Sample Megablast

2nd accession Other accessions

D Cutaneous lesions (run2) Fowlpox (2%) Bacteria (0.2%), fish, mammals…

A Cutaneous lesions (run1) Fowlpox (2%) Bacteria (0.2%), fish, mammals…

F Tracheal lesions (run2) Fowlpox (1%) Bacteria (0.2%), fish, mammals…

E Cutaneous lesions (run2) Folwpox (0.5%) Fish (0.4%), plants…

G Lung lesions (run2) Fish (0.4%) Fowlpox (0.2%), bacteria, …

C Peripheral cutaneous lesions (run1) Fish (0.5%) Plants, Fowlpox (0.04%), …

B Peripheral cutaneous lesions (run1) Fish (0.5%) Fowlpox (0.02%), bacteria, …24

85

1182

1283

2234

3265

3905

100000 110000 120000 130000 140000 150000 160000 170000 180000 190000

Total reads Fowlpox reads (mapped)

Fowlpox reads (mapped)
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Nanopore in the veterinary field
Results : Fowlpox identification

→ Proof of concept of the identification of the Fowlpox in all samples

+ Fowlpox detected in 3 samples without a priori and without enrichment or isolation step

Sample Megablast

2nd accession Other accessions

D Cutaneous lesions (run2) Fowlpox (2%) Bacteria (0.2%), fish, mammals…

A Cutaneous lesions (run1) Fowlpox (2%) Fish (0.3%), bacteria, mammals…

F Tracheal lesions (run2) Fowlpox (1%) Bacteria (0.2%), fish, mammals…

E Cutaneous lesions (run2) Folwpox (0.5%) Fish (0.4%), plants…

G Lung lesions (run2) Fish (0.4%) Fowlpox (0.2%), bacteria, …

C Peripheral cutaneous lesions (run1) Fish (0.5%) Plants, Fowlpox (0.04%), …

B Peripheral cutaneous lesions (run1) Fish (0.5%) Fowlpox (0.02%), bacteria, …24

85

1182

1283

2234

3265

3905

100000 110000 120000 130000 140000 150000 160000 170000 180000 190000

Total reads Fowlpox reads (mapped)

Fowlpox reads (mapped)

1st accession for all samples : birds >97% (~ 90% Gallus gallus)
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Nanopore in the veterinary field
Assembly and what’s next ?

D sample

Coverage 30X

Number of contigs 2

Total length 288kb

% mapped on ref (288kb) 98 %

Accuracy 96.5 %

Identification of the REV sequence (full lenght : putatively induces an increase of the virulence)

Genes and proteins analysis (combination with Illumina data ?)
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Not « a diagnostic tool » but a « confirmation tool »

Provide informations for epidemiology

Expectations : Faster & Cheaper

→ Next step : confirm with other DNA viruses & RNA viruses

Nanopore in the veterinary field
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To conclude !!!

To go further and improve genomes assembly : scaffolding technologies (10X Genomics, BioNano…)

ONT has opened the door to a wide range of applications

Nanopore technology : Long DNA fragments = long reads

Sample Extraction Lib Prep Sequencing Bio informatics Bio statistics

Tomato genome 800Mb (end 2016)

N50 contigs 3.2 Mb 32 Mb 45 Mb

Pacbio (RSII 70x) Bionano (2 enzymes) Chromium + Illumina ( 100 x)

Fish genomes 1-2Gb (end 2017), Vanilla 4Gb (2018)
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