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® Genomics and Transcriptomics (GeT) Core Facility
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® A strong partnership with a bioinformatics core facility @@ &t

® A node of the National Distributed Infrastructure « France Génomique »

FRANCE GENOMIQUE

® Quality certifications 1ISO9001 & NFX 50 900, Propel
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Team and expertise “Q
® 35 people on 5 sites 79 P
. . . . 8N CJ e G\
* Experts in Agronomy, the Environment, Microbiology, Health ey e T

* Competences in biology, bioinformatics, biostatistics
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® GeT-PlaGe : more than 140 laboratories in 2016 (INRA, CNRS, INSA, INSERM, CHU, CIRAD ...)

* More than 240 research teams
* More than 360 projects
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Short reads

Synthetic long reads . .
10x genomics : Chromium

Pacbio : RSII

Long reads

ONT : MinION + GridION
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How does Nanopore meet the needs of our users ?
(DNA studies)

Nanopore for genome assembly (vs Pacbhio)

Sequencing of Fowlpoxviruses in clinical
samples

o
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Yield

e =1DNA

Gb/FC

18

16

14

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

== Meanyield : 9.9 Gb
~ 70 % reads >Q10

Genome assembly using Nanopore technology

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

==== Meanyield : 2.4 Gb

~ 40 % reads >Q10

http://get.genotoul.fr
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Higher yields

« le test des billes »
= = v~

'\. !

Polysaccharides ~ Clean DNA

A260/230 =1.8-2.2
%

| Qubit

;
A260/280 = 1.8-2.2 W
- Have a good quality DNA

Nanodrop

- Start the library prep with the right number of molecules
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Fragment gr;alyzer FEMTO
DNA < 40 kb DNA > 40 kb

B10: alose 30

25320

152021

SRR RERER

- Make a suitable library prep

Megaruptor shearing BluePippin
(improves the yield ; if necessary) (Removes small fragments ; if necessary)
http://get.genotoul.fr %
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Genome assembly using Nanopore technology

Assemblies improvement (small genomes)

Ganoderma boninense

Complexity
Xanthomonas campestris Arabidopsis thaliana
(5Mb) (120Mb)
lllumina 50-100 contigs > 1000 contigs
+ 1FC (>>>80X Nanopore) + 1FC (80X Nanopore)
lllumina + Nanopore 1 contig 140 contigs

(50Mb)
> 10 000 contigs

+ 1FC (100X Nanopore)

525 contigs

http://get.genotoul.fr
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Pacbio vs Nanopore
Lib prep and bioinformatics

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

Dayl » Dayé6

Nanopore

=

Sequencing
+ Assembly
Live basecalling

Library (1D)
preparation

Polishing

(Canu) (Pilon)

Assembly

Basecalling (1D?) (Canu)

Sequencing

Pacbio

Sequencing
Assembly
+ +
Live
basecalling

Library preparation

Polishing

Dayl

v

Day7

Polishing
(Pilon)

http://get.genotoul.fr
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Pacbio vs Nanopore

Accuracy and correction

Raw read accuracy

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

Technology Accuracy

Pacbio P6C4

Nanopore Albacore VO
Nanopore Albacore V1

Nanopore Albacore V2 1D
Nanopore Albacore V2 1D?

llumina

100

81.3% Oxford Nanopore announcement
81.0 % 1D?
86.3 %

86.4 %

90.4 % 60 70 80 90

99.7 % Raw read accuracy (%)

Assemblies assesment (BUSCO)

Methods

% Fragmented genes

% Complete genes

% Missing genes

Nanopore (1p; ro.4) Albacore V1

Nanopore (1p; r9.4) Albacore V1 Nanopolish

Nanopore (10 r9.5) Albacore V2 Racon x2

Pacbio P6C4

12.2 27.0
71.6 15.5
77.0 74
95.3 0

60.8

12.9

15.6

4.7

http://get.genotoul.fr 6 i
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ceT  Pacbio vs Nanopore

{i Comparison
¢
E
t; Nanopore Pacbio
‘; RSII SEQUEL (expected)
“; Sensitivity (DNA quality) Sensitive Very sensitive
ti Lib prep 2 days 4 days
3 Yield 7.5Gb/FC 1-2Gb/SMRT 5Gb/SMRT
f; Bioinformatic analysis 3-6 days 3 days
i Methylations « Included »
ti Assembly quality +1
t; Price +1
;
§
&
Py
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ceT  Pacbio vs Nanopore

{i Comparison
¢
3
E; Nanopore Pacbio
‘; RSII SEQUEL (expected)
“; Sensitivity (DNA quality) Sensitive Very sensitive
ti Lib prep 2 days 4 days
E Yield 7.5Gb/FC 1-2Gb/SMRT 5Gb/SMRT
f; Bioinformatic analysis 3-6 days 3 days
i Methylations « Included »
ti Assembly quality +1
t; Price +1
EE DNA quantity 1.8ug/Gb (5.4 for 1D?) 1ug/Gb 70ng/Gb
§
&
Py
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What am | going to talk about for the next 20 minutes ?

Nanopore for genome assembly (vs Pacbio)

Sequencing of Fowlpoxviruses in clinical
samples

O
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ceT  Nanopore in the veterinary field (S¥ui Guillaume Croville, Jean-luc Guerin

Portable device Identification without a priori

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

e PCR

o Symptoms

® Biosecurity : better to keep the sample on site

From Ebola to Zika, tiny mobile lab gives
real-time DNA data on outbreaks

While the elves are busy at North Pole,

Extreme Microbiome Project team is busy in  Agenomicsurveillance system which fits ina suitcase can help health workers to
_ quickly understand the spread of viruses and break the chain of infection
Antarctica.

© Alotgre en angais
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Reticuloendotheliosis virus strain 104865, complete genome
GenBank: KJ756349 1
GenBank  Graphics

>KI756342.1 Reviculosndotheliosis virus stzain 104865, compleve genome

aaTor
e et coaTATTAGCT
0203 - 25 dée. 2015 ATTTCTCGGAAT
AsACCACTTGCACC CRaACACE
- GOGCAGATGCTE: srcatocaac
s 805 DQPQOOD RO T CACATTG Ter
AGCTTITTCTTCTATATCCICAGATTGOCAGT rTeTICeTeSTRTTOSCT
crarTT TTGGEGOCTCOTCCROATICE:
connct GATTTTGeTAC
ccaceas

T
CTATAZGICG

GITTGTTIGTTACCITGIGTTTGTTCETCACT GCGAATTGETCTA
CTTTGGAG: TT GICTTCCGITTGTACTCG
TCCTCCTCT CAGEC] TTTAACCCCTCTAGAGTGC:
TICTGAAGAACTTCTCTGACTT ‘GTGGATTCETTTACCCT
GCGCAAGTTATGTGAGT TT CTAGACTTT
AGGGTGGT: GTTTTTGGE! CCAGGTAATATATAT;
TCTGEAT. TACTT
cICT: TCTET TAAT
T T T
CATATCCT! CTACTGTAAT

14 http://get.genotoul.fr
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Context

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

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

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

Samples

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

WAL LS -

il

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

!

DNA extraction using Phenol:Chloroform: Isoamyl Alcohol?
Rnase treatment

!

Quality control

7325

5727
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7000~ A260/280: 1,93 - 36007 A260/280:1,92
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6500 5200 UM
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6007 4800
5750
4600
;55[}0* 2
o |
5250+ 4400
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Total = 7 samples for sequencing http://get.genotoul.fr (%
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Runs

3 hours

48 hours
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2.6Gb
All barcodes =
436 000 reads (65%)

8Kb gtube shearing

‘.l [

R9.4 FCs

~ 250 € / sample

dA tailing

1D protocol

oY

o \l adapter ligation

e

4 Samples

3.6Gb
All barcodes =
634 000 reads (70%)

N ]
—_— =

=

oF

Mean quality score per barcode

Run1 Run 2

http://get.genotoul.fr %
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GeT  Nanopore in the veterinary field

(S Results : Fowlpox identification

4
§ n D cutaneous lesions (run2)
g
\) n A cutaneous lesions (run1)
4
E n F Tracheal lesions (run2)
t } 1.3 E cutaneous lesions (run2)

: 1.2 G Lung lesions (run2)

E ’ ‘ C Peripheral cutaneous lesions (runl)

: ‘ B Peripheral cutaneous lesions (runl)
tf 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000

! Total reads  [@Fowlpox reads (mapped)

>

3 Fowlpox reads found in all samples

3 - % of fowlpox sequences depends on the « taking zone »
3 - Prefered zones : cutaneous lesions or tracheal lesions

g

¥

18 http://get.genotoul.fr
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GeT  Nanopore in the veterinary field

4 Results : Fowlpox identification

' . .
N n D cutaneous lesions (run2) Bacteria (0.2%), fish, mammals...

g .
N n A cutaneous lesions (runi) Fish (0.3%), bacteria, mammals...

N n F Tracheal lesions (run2) Bacteria (0.2%), ﬁSh, mammals...

t: 1.3 E cutaneous lesions (run2) FO|WpOX (0.5%) Fish (0.4%), plants...

y 1.2 G Lung lesions (run2) Fish (0.4%) Fowlpox (0.2%), bacteria, ...

E ’ ‘ C Peripheral cutaneous lesions (run1) Fish (0.5%) PIants, Fowlpox (0.04%),

: ‘ B Peripheral cutaneous lesions (runl) Fish (05%) Fowlpox (0.02%), bacteria,

t y 100000 110000 120000 130000 140000 150000 160000 170000 180000 190000 1st accession for all samples : birds >97% (~ 90% Gallus gallus)

! Total reads  [@Fowlpox reads (mapped)

E!

Ei — Proof of concept of the identification of the Fowlpox in all samples

3

g

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

19 http://get.genotoul.fr
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GeT  Nanopore in the veterinary field

Assembly and what’s next ?

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 I[llumina data ?)
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Nanopore in the veterinary field

Not « a diagnostic tool » but a « confirmation tool »

Provide informations for epidemiology

Expectations :

¢ ©

— Next step :

Faster & Cheaper

FLONGLE
(“flow cell dongle”)

LC-

confirm with other DNA viruses & RNA viruses

~~~~~~~~~~

| B nature:comy sclencificreports )

SCIENTIFIC REP{%}RTS

Recovery of the first full-length
genome sequence of a parapoxvirus
directly from a clinical sample

Thomas Ginther', Ludwig Haas?, Malik Alawi', Peter Wehlsein®, Jerzy Marks®, Adam
Grundhoff'<, Paul Bacher ()7 & Nico! - —----—=*

We recovered the first full-lenath noxviru Figure

oo Ny oz
N |\ 4
BN\ / ’f P
s
R (Lran
rporipoevirus s,
/{ ~
—t
=
ot
s
e rro—
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ceT  To conclude !l

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

Tomato genome 800Mb (end 2016) Fish genomes 1-2Gb (end 2017), Vanilla 4Gb (2018)

N50 contigs | 3.2 Mb 32 Mb 45 Mb >

= L= &

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

©®  ONT has opened the door to a wide range of applications

® Nanopore technology : Long DNA fragments = long reads
"

adapter ligation l, .~ L

:r_‘] \,;_ 7 :.’\

77 N\

tether attachment F AST |
S 3 g1 pVvalue
strep-bead selection l ' o e :
} elute and run ) \_/

v

Sample ——>  Extraction —» Lib Prep Sequencing Bio informatics Bio statistics

v
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Remerciements

——  SCIENCE & IMPACT

Nanopore Community Meeting 2017
New York, 30th Nov & 1st Dec

SPEAKER

Baptiste Mayjonade
INRA

nahoporetéchicom/eventsinom17

GE”DTOUL Maxime Manno, Céline Vandecasteele, Claire Kuchly,

1t G eT Cécile Donnadieu, Olivier Bouchez, Gérald Salin,
Alain Roulet, Céline Roques

GenoTouL
6 ] Bioinfo christophe Klopp

— =

Nanonae | Guillaume Croville, Jean-luc Guerin

VETERINAIRE
e,

HM"“I"‘*'w"’“sP'”‘“*""“W"m Baptiste Mayjonade, Jérome Gouzy, Fabrice Roux

@écirad

2 Frédéric Breton, Alexandra Vaillant, Leatizia Camus-Kulandaivelu

E__..—-\L Tan joon sheong, Sharifah Shahrul Rabiah Syed Alwee, Kwan Yen Yen

g"t- E"g ga E{%g,ﬁ Caroline Callot, Stéphane Cauet, Héléne Berges
s .

GENESSCOPE corinne Cruaud

'.'@{'B Mohammed Zouine, Pierre Frasse, Mondher Bouzayen
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