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Introduction 3

* NanoDIAG = regroupement national des utilisateurs de
Nanopore en diagnostique (2023)

 Teams meeting NanoDIAG le premier jeudi chague mois a
14h

* Intéréssé(e) pour rejoindre NanoDIAG =>
julien.masliahplanchon@curie.fr
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DNA pipelines

MinKNOW , .
Various raw Nanopore file formats
* Base calling https://nanocem.readthedocs.io/en/latest/preparation/
* QC A i c
401
* Variant calling 081 [ Oft-target (NS0 = 0.5kb) 3
o] ] On-target (NS0 = 28 6kb) 8 201
« Complex rearrangements £.. $ 2
‘ ® 201
* CNV 021 3.: 15
A a 10]
° Phasing (variants / meth.) 000 05 1 25 5 10 20 40 80 —A 51 g
Read length (kb) 5 5 10 30 5070 07
e De novo assemb|y [ Accepted [T] Rejected [l No decision Read length (kb) Off-target On-target
« Methylation calling Adaptive sampling (https://www.researchgate.net/figure/Targeted-nanopore-sequencing-with-

adaptive-sampling-on-the-reference-DNA-sample-HG002 figl 376465351)
* Others (ctDNA, Telomere seq, etc.)
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https://nanocem.readthedocs.io/en/latest/preparation/
https://www.researchgate.net/figure/Targeted-nanopore-sequencing-with-adaptive-sampling-on-the-reference-DNA-sample-HG002_fig1_376465351
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[
[ | Resources v About v

wf-human-variation documentation

By EPI2ZME Labs - 8 min read

Human variation workflow

SNV, SV and CNV calling, modified base calling, and STR genotyping of human samples.
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https://epi2me.nanoporetech.com/wfindex/

snakemake

DNA pipelines — NanoCliD (Nanopore Clinical Diagnosis)

SVIM v2.0.0
Cute5V v1.0.13
Snifflesv2.0.6

—p SV calling m — ﬁ
DELETION INSERTION —

— —— —
INVERSION TRANSLOCATION

barcodel! (sebuanty=0 §3, poxty=2)

Dorado

v0.7.2 l
QDNAseq R

E Minimap2 % DeepTools v3.5.1 1

v2.24

—— [8av | }—» CNVcalling el _ i oo™ : _ .
S e — AR — — 7 0 T g O g B e e e— = D s T 5 G
PEPPER* v0.8 - .: :
Clair3%0.1.11 e =) ® _ GltH“b
=)~ i [m] e ek [m]
& —:,..... —_— :. L]
2" .

b—p Variant calling —
—mm—> *:phasing T——

—_——

f5cv13 R
» Methylation calling » Supervised classification " institut n
= Curie

https://github.com/InstituteCurieClinicalBioinformatics/NanoCliD
| 31.03.25
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https://github.com/InstituteCurieClinicalBioinformatics/NanoCliD

DNA pipelines — Variant / methylation phasing

71,116:0.6105:139
.'_-: l;r .l 3

HP1 :

HP2 :

Genotype

PhaseSet ID

[chr3:36,999,027-36,095,710

- 4,885 bp i
H9N,M by 36,993,988 5 35,984,500 by .05
] l | J |

i |
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https://nanoporetech.com/ja/resource-centre/faster-analysis-cancer-associated-variants-using-unique-targeted-

nanopore

V. RENAULT & J. MASLIAH PLANCHON - NanoDIAG | 31.03.25


https://nanoporetech.com/ja/resource-centre/faster-analysis-cancer-associated-variants-using-unique-targeted-nanopore
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DNA pipelines — methylation calling

Cov (>=1) 28,6M
modkit ____
Cov (>=5) 14,3M 23,1M 21,2M

T e A - N
Cov (>=1 28,6M

DeepMod2 ————
Cov (>=5) 14,3M 23,1M 21,2M
MethCov(>=5) ~ 122M  214M  128M
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RNA pipelines

RNA extraction

Target enrichment of regions of
interest

Multiplexing

Patient 1 Patient 2

4 Sequencing
1 —

5 Isoforms assembly

e PacBio:
'\ 1 ll - - = - 's?-Seq vi _SOSTAR
" A -.oo -o-- .00- l .: _._ 2
e A ! A . ] ;
awesome- o | . p  Acotomnc 5
Nanopore : 8
htt ps = / / g I th u b co SOSTAR module 1: alignment + assembly + expression \
| ————— - |
w= « == First alignment l I
some-nanopore S i ;
i genome .fosto A
v Isoforms_merge .bed | “.ban
. | ke Minimap2 --MD [
https://epi2me.na /" -axsplicejuncbed
isoforms selection TR
noporetech.com/ p—— R Db
% ENSEMBL transcripts .bed = + —’ i capture panel .bed : Isoforms expression Expression table
: Minimap2 --MD StringTie ~L > | ; .
Wﬂnd eX/ (N F) -ax splice * atf StringTie L --merge Bedtoolsmunect-wabs \”v' StringTie -L -eB * gtf Custom script s
optional /
Final annotation table: SOSTAR module 2: annotauon
transcript_id ] chr l start l end [stnndl gene lumotlnll annot_find l ,"‘l ,‘m] lumplmlml
ENSTOD000380152.8 chr13 32315508 32400268 +  BRCA2 127 127 3950,16 201893 414857 8 rom SOSTAR From other
ENSTODD00461574.2 chrl7 43044304 43125370 BRCA1 124 V1(6)a14p{3)-024(9) 397687 157895 179397 8 p,peune assembly method:
MSTRG.13687.13 chrl? 43044288 43125367 BRCA1 124 V1(3)-A(9-10) ¥ 24(7) 368,01 39,81 82717 7 e :
MSTRG.8502.21 chri3 32315503 32400401 +  BRCA2 127  W1{5):A(5-7)}¥27(133) 26,39 3.22 10,87 8 W v
Information on the Descriptive 1soform expression values Numberof |@ . —  prefered transcripts .bed
\ assembled isoforms annotation per sample in the cohort occurrence
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Custom script

i

C Aucouturier et al. Fine mapping of RNA isoform diversity using an innovative targeted

long-read RNA sequencing protocol with novel dedicated bioinformatics pipeline.
BMC Genomics. 2024

/


https://github.com/GoekeLab/awesome-nanopore
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https://epi2me.nanoporetech.com/wfindex/
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Classifiers

* Usual questions:

o Data (sharing via NanoDIAG)
o Marker selection
o Model selection
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Classifiers
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Classifiers

* Usual questions:

o Data (sharing via NanoDIAG) » select most variable CpGs (Brian Reilly et al. 2019)
o Marker selection - feature selection with 1st stage classifier (RF [David Capper et al. 2018], xgboost)
5 Miedel seled fior « differential methylation (S Peter Wu et al. 2017)

« Nanopore = sequenced CpGs are sparse, random and poorly covered...

One possibility :

- consider the intersection | of a large set of markers (eg EPIC) with a
current Nanopore

- Train a model using markers |

- Predict on current Nanopore
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Classifiers

* Usual questions:

o Data (sharing via NanoDIAG) » select most variable CpGs (Brian Reilly et al. 2019)
o Marker selection - feature selection with 1st stage classifier (RF [David Capper et al. 2018], xgboost)
5 Miedel seled fior « differential methylation (S Peter Wu et al. 2017)

« Nanopore = sequenced CpGs are sparse, random and poorly covered...

One possibility :

- consider the intersection | of a large set of markers (eg EPIC) with a
current Nanopore

- Train a model using markers |

- Predict on current Nanopore

Luis P Kuschel et al. Robust methylation-based classification of brain tumours using nanopore sequencing.
Neuropathol Appl Neurobiol. 2023
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Classifiers

t—SNE, perplexity = 30
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Dx == "unknown"
« FALSE

~+ TRUE

Methylation class
AIDH

A IDH, HG

ANA PA

ATRT, MYC

ATRT, SHH

ATRT, TYR

CHGL

CHORDM

CN

CNSNB, FOXR2
CONTR, ADENOPIT
CONTR, CEBM
CONTR, HEMI
CONTR, HYPTHAL
CONTR, INFLAM
CONTR, PINEAL
CONTR, PONS

CONTR, REACT

CONTR, WM

CPH, ADM
CPH, PAP
DLGNT
DMG, K27
EFT, CIC
ENB, A
ENB. B
EPN, MPE
EPN, PFA
EPN, PFB
EPN, RELA
EPN, SPINE
EPN, YAP
ETMR
EWS
GBM, G34
GBM, MES
GBM, MID

GBM, MYCN

GBM, RTK |
GBM, RTK Il
GBM, RTK Il
HGNET, BCOR
HGNET, MN1
HMB

IHG

LGG, DIGDIA
LGG, DNT
LGG, GG
LGG, MYB
LGG, PAMID
LGG, PA PF
LGG, PA/GG ST
LGG, RGNT
LGG, SEGA
LIPN
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MB,G3

E HE BN

MB, G4

MB, SHH CHL AD
MB, SHH INF

MB, WNT
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PITAD, STHDNS B
PITAD, STH SPA

PITAD, TSH

PITUI
PLASMA
PLEX, AD
PLEX, PEDA
PLEX, PEDB
PTPR, A
PTPR, B
PXA

RETB
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SCHW, MEL
SFT HMPC
SUBEPN, PF
SUBEPN, SPINE
SUBEPN, ST

unknown



Classifiers — TCGA

label
15 “ et ®  Abdominal fibromatosis
. , - A ¢ ® Acinar cell carcinoma
P © . ¢ ®  Acral lentiginous melanoma
° : « ;a. e Y ® Acute Lymphoblastic Leukemia - Phase llI
10 ¥ e % & “ { @ Acute lymphocytic leukemia
= L _ ®  Acute myeloid leukemia
‘ k ‘ ® m ) - ’ - .’ :) @ - P ° ¢ Adenocarcinoma
> o** » % K \ -:‘ o 9 — Adenocarcinoma in tubolovillous adenoma
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e o e ® - &) L RY i \. © ¢ Adenocarcinoma with neuroendocrine differentiation
0 1 So . ° \ & ‘Yrﬁ." ‘ ° oe Adenoid cystic carcinoma
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[ . .
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[ ] ',
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ki [ ]
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-15 - N & ® Basaloid squamous cell carcinoma
Benign cystic nephroma
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Classifiers — test ctDNA

© 3879 CpGs en" e
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Ultrafast diagnostics - Sturgeon

* C Vermeulen et al. Ultra-fast
deep-learned CNS tumour
classification during surgery.
Nature 2023

ROBIN (Rapid nanopOre Brain
intraoperatlve classificatioN)
https://github.com/looselab/ro
bin

V. RENAULT & J. MASLIAH PLANCHON - NanoDIAG
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https://github.com/looselab/robin
https://github.com/looselab/robin

Class label Input tensor
-1 = unmethylated

25 010<110+100001-1..0-1-1-110011100 0 = unknown state

Ultrafast diagnostics - Sturgeon ; {

N » S
[ lrguu;iitz:iz:::zg?éa ] Fully connected layer
: @ x Sigmoid activation
[ Aﬁ:ﬁi?::jfzsa ] Fully connected layer
o @ : Sigmoid activation

Input size = 128
Output size = 91 or 30 J Fully connected layer

* C Vermeulen et al. Ultra-fast

]
!
]
|
deep-learned CNS tumour |
classification during surgery. |
Nature 2023 I
]
I
l
]
1

Backpropagation

« ROBIN (Rapid nanopOre Brain
intraoperatlve classificatioN) :

Cross-entropy [
loss

https://github.com/looselab/ro v
bin 25 -11.3 -84 23.. Unscaled logits

optimized

ge ST SR AER OEE AEE | R R Y B R RN e I i B oEE Sy B .|
Validation fold
optimized @ Divide logits by tempergturg learned
| parameter on the validation fold I
I -16.1 -12.0 3.2...| Temperature scaled logits I
o S e S o— =f
Softmax scaling
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Ultrafast diagnostics - MethyLYZR
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Bjérn Brdndl et al. Rapid brain tumor classification from sparse epigenomic data.

| 31.03.25

Nat Med. 2025



Ultrafast diagnostics - Others

* Francesco E Emiliani et al. Nanopore-based random genomic sampling for intraoperative molecular
diagnosis. Genome Med. 2025

» Maximilian Evers et al. Rapid intraoperative amplicon sequencing of CNS tumor markers. Comput
Struct Biotechnol J. 2024

V. RENAULT & J. MASLIAH PLANCHON - NanoDIAG | 31.03.25 Bjérn Brdndl et al. Rapid brain tumor classification from sparse epigenomic data.
Nat Med. 2025
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Thank you for your attention !

victor.renault@curie.fr

* Mercia:
o I'Unité de Génétique Somatique de o I'Unité de bioformatique Clinique de
I'institut Curie : I'institut Curie :
= Julien Masliah Planchon = Kévin Merchadou
= Mathilde Filser = Eléonore Frouin

= Sjann Chalvin

« Journée NanoDIAG (en Anglais) le 24/06/2025 a Curie :

o KeyNote : Matthew Loose, University of Nottingham, pipeline ROBIN pour la
classification des tumeurs cérébrales, y compris en extemporané

o KeyNote : Eddy de Boer, UMC Groningen, panel de 471 génes (maladies
neurologiques et des épilepsies) avec génes difficiles & mapper en short read +
guelques genes importants dans ces pathologies pour la méthylation

O e

o Appel a contributions + Formulaire d'inscription :
https://shorturl.at/gwe9q
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