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INcRNA1 INcCRNA2

IncRNASs are "mRNA -like" ... ... but are not mRNAs

&4 Transcribed by RNA Polymerase ||
Undergo splicing

5’ capped

Most have a polyA tail

© No coding potential
© Lowly expressed, highly tissue-specific
© Less conserved across species

© Often overlap Transposable Elements (TEs)
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IncRNA functions

doi:1] Ce“

lincRNASs act in the circuitry contrq Transcription of Two Long Noncoding
RNAs Mediates Mating-Type Control

pllll' lp0tency and differentiation of Gametogenesis in Budding Yeast

Nature. 2012 Nov 15;491(7424):454-7. doi: 10.1038/nature11508. Epub 2012 Oct 14.
Long non-coding antisense RNA controls Uchl1 translation through an embedded SINEB2 repeat.

Cell
Epigenetic Regulation by Long Noncoding RNAs ]
fgecanme §3§e$435 2012); A Long Noncoding RNA Controls
DOI 10 1126/science 1231776 Muscle Differentiation by Functioning
as a Competing Endogenous RNA
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The Emergence of IncRNAs in Cancer Rinlanv

John R. Prensner and Arul M. Chinnaiyan LETTER

Biochim Biophys Acta. 2016 Jul;1863(7 Pt B):1953-60. doi: 10.1016/j.bbamcr.2015.11.026. Epub 2015 Nov 24.

d0i:10.1038/naturel7161

Melanoma addiction to the long non-coding RNA
SAMMSON

Super-enhancer Incs to cardiovascular development and disease.
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Reference annotation

GENCODE
NONONIN NG

40,000 :
Protein Genes

O IncRNA Genes
30,000

e Gold standard for reference
annotation in human and mouse
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 Manual curation + evidence-
based transcript models (RNASeq)
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ISOFORM DISCOVERY

SHORT-READ SEQUENCING
RNA
isoforms
L
Fragmented e o _.'_—_ T m—
reads - - —_— =

« © RNA:s are fragmented

* © Assembly problem for both :

* mRNAs and IncRNAs
* novel isoforms of known genes and novel genes



nature methods

Method of the Year 2022:
Long-read sequencing

Ve
ISOFORM DISCOVERY
SHORT-READ SEQUENCING LONG-READ SEQUENCING
RNA | e A&
isoforms
|
Fragmented e o _.'_—___:—__ -
reads - -— — —— :—_

. "No need to reassemble reads"”
. Characterize and quantify "full length" transcripts (repeat-

associated transcripts
. Direct exon connectivity
. Epitranscriptomics: identification of RNA modifications (m6A)
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» LR-RNAseq is not totally long/full-length...

Sessegolo et al., 2019



3 species

Human

Mouse
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One cell type

o
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Cell mixtures

Spike-ins

Synthetic data

4 library protocols

0 1

Direct RNA

O
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CapTrap

Challenge

3 sequencing
platforms
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Sequel Il
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J
MinlON
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HiSeq

Challenge 1: transcript isoform detection with a high-guality genome
Challenge 2: transcript isoform quantifcation

Challenge 3: de novo transcript isoform identifcation

StringTie

b || L (}ﬁ
\I | Ill ||/

Bambu

IsoQuant

nature methods

Explore content v  About the journal v  Publish with us v

nature > nature methods > registered report > article

Registered Report Open access Published: 07 June 2024

Systematic assessment of long-read RNA-seq methods
for transcriptidentification and quantification

Francisco J. Pardo-Palacios, Dingjie Wang, Fairlie Reese, Mark Diekhans, Silvia Carbonell-Sala, Brian

Williams, Jane E. Loveland, Maite De Maria, Matthew S. Adams, Gabriela Balderrama-Gutierrez, Amit K.

Behera, Jose M. Gonzalez Martinez, Toby Hunt, Julien Lagarde, Cindy E. Liang, Haoran Li, Marcus

Jerryd Meade, David A. Moraga Amador, Andrey D. Prjibelski, Inanc Birol, Hamed Bostan, Ashley M.
Brooks, Muhammed Hasan Celik, Ying Chen, ... Angela N. Brooks &8  + Show authors

Nature Methods 21, 1349-1363 (2024) | Cite this article

49k Accesses | 101 Citations | 111 Altmetric | Metrics
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CDNA nature > nature methods > registered report > article
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Registered Report Open access Published: 07 June 2024

Systematic assessment of long-read RNA-seq methods
for transcriptidentification and quantification

O

R2C2 . . - - . . .
Spike-ins Francisco J. Pardo-Palacios, Dingjie Wang, Fairlie Reese, Mark Diekhans, Silvia Carbonell-Sala, Brian
e o\ Williams, Jane E. Loveland, Maite De Maria, Matthew S. Adams, Gabriela Balderrama-Gutierrez, Amit K.
Synthetic data CapTrap

Behera, Jose M. Gonzalez Martinez, Toby Hunt, Julien Lagarde, Cindy E. Liang, Haoran Li, Marcus

Jerryd Meade, David A. Moraga Amador, Andrey D. Prjibelski, Inanc Birol, Hamed Bostan, Ashley M.

Challenge 1: transcript isoform detection with a high-quality genome Brooks, Muhammed Hasan Celik, Ying Chen, ... Angela N. Brooks &8  + Show authors

CRIsSSngn & mansceioisofan Cuanti cation Nature Methods 21, 1349-1363 (2024) | Cite this article

Challenge 3: de novo transcript isoform identifcation
49k Accesses | 101 Citations | 111 Altmetric | Metrics
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StringTie StringTie IsoQuant

© "Significant discrepancies among LR-RNAseq methods for transcript

discovery."
= Better multiple tools

© No tool include IncRNA annotation (coding potential)



Multiple tools Annotate Transcript Full-length
for discovery IncRNAs classification | assessment



https://nf-co.re/nanoseq/
https://github.com/epi2me-labs/wf-transcriptomes
https://github.com/FAANG/analysis-TAGADA
https://github.com/IGDRion/ANNEXA/

Multiple tools Annotate Transcript Full-length
for discovery IncRNAs classification | assessment

nf-core/
nanoseq « x x x

Bambu or Stringtie
Nanopore demultiplexing, QC, alignment, and downstream analysis
deepvariant  sniffles

https://nf-co.re/
nanoseq/

nf-core/nanoseq

JAFFAL

medaka cuteSv

graphmap?2 bambu
fastqc

nanoplot

qcat nanolyse samtools DESeq2 DEXSeq

minimap2 stringtie2

nanopolish Xpore m6anet
Protocols
s DNA
s direct RNA + cDNA (align to genome)

s direct RNA (align to transcriptome)


https://nf-co.re/nanoseq/
https://github.com/epi2me-labs/wf-transcriptomes
https://github.com/FAANG/analysis-TAGADA
https://github.com/IGDRion/ANNEXA/

Multiple tools Annotate Transcript Full-length
for discovery IncRNAs classification | assessment

nf-core/ «
nanoseq
Bambu or Stringtie
https://qgithub.com/
« x epi2me-labs/wf-

wf-human- x
transcriptome transcriptomes
gffcompare

Stringtie only
https://github.com/
TAGADA v FAANG/analysis-
TAGADA

Stringtie only FEELNC FEELnc_classifier

https://nf-co.re/
nanoseq/



https://nf-co.re/nanoseq/
https://github.com/epi2me-labs/wf-transcriptomes
https://github.com/FAANG/analysis-TAGADA
https://github.com/IGDRion/ANNEXA/

Annotate
IncRNASs

Multiple tools
for discovery

Transcript
classification

Full-length
assessment

nf-core/
nanoseq

wf-human-
transcriptome

TAGADA

v

Bambu or Stringtie

https://nf-co.re/
nanoseq/

X

Stringtie only

QX

gffcompare

https://qgithub.com/

epi2me-labs/wf-
transcriptomes

X

Stringtie only

AN

FEELNnc_classifier

https://github.com/

FAANG/analysis-
TAGADA

AN

AN

v

https://github.com/

IGDRion/ANNEXA/

Nicolai
HOFFMANN



https://nf-co.re/nanoseq/
https://github.com/epi2me-labs/wf-transcriptomes
https://github.com/FAANG/analysis-TAGADA
https://github.com/IGDRion/ANNEXA/

ANalysis with Nextflow for EXtended Annotation

Transcript |
classification Filtering

Genome

o |

Samplesheet

StringTie
=== Novel genes - Novel transcripts annotation
- === Known genes - Novel transcripts
Annotation === Known genes - Known transcripts

IGDRion/ANNEXA

nexciflow




ANalysis with Nextflow for EXtended Annotation

Transcript L
classification Filtering
...... RSeQC
GENCODE
YRONRY

o |

Samplesheet

StringTie Extended

annotation

GENCODE
NUVONIVON

=== Novel genes - Novel transcripts
- === Known genes - Novel transcripts
Annotation === Known genes - Known transcripts

IGDRion/ANNEXA

nexciflow




Transcript

classification Filtering

Genome

o |

Samplesheet

Extended
=== Novel genes - Novel transcripts annotation
=== Known genes - Novel transcripts

Annotation === Known genes - Known transcripts

IGDRion/ANNEXA

Jrans?
~N—

* Bambu : better when reference annotation is more complete

* StringTie : better to identify novel isoforms



@ . FEELnc: Wucher et al., 2017
Traljs_cru.)t ilterin

o |

Samplesheet

Extended
=== Novel genes - Novel transcripts annotation
=== Known genes - Novel transcripts

Annotation === Known genes - Known transcripts

IGDRion/ANNEXA

» FEELnc to compute the coding potential of all novel transcripts from novel
genes

» FEELnNnc uses a RandomForest model trained with sequence features
» OREF sizes

» k-mer profiles

» Transcript length

» TransDecoder allows CDS, 5’UTR and 3’UTR in novel mRNAs

= Allows to discriminate between novel mRNAs versus INcCRNASs



gffCompare: Pertea G and Pertea M, 2020

Genome

o |

Samplesheet

StringTie Extended

@ === Novel genes - Novel transcripts annotation
=== Known genes - Novel transcripts

Annotation === Known genes - Known transcripts

IGDRion/ANNEXA

multi-exon with at least one junction match

E?W:

I T T = Novel isoform of known gene
—\F

containment of reference (reverse containment)

kK —— " = Extension of known gene
_\/—\/_\/_

| exonic overlap on the opposite strand (like o or e

but on the opposite strand) = antisense IncRNA

X ———
z ?\’ )
u  none of the above (unknown, intergenic) - LO n 9 | nte Fg en | C NnC R NA




Genome

o |

Samplesheet

(§)

https://github.com/IGDRion/TransforKmers

StringTie Extended
=== Novel genes - Novel transcripts annotation
- === Known genes - Novel transcripts
Annotation === Known genes - Known transcripts
IGDRion/ANNEXA

* Transformer-based model to classify DNA/RNA sequences.
* Pretrain with species-specific genomic sequences (DNABERT)

* Finetuning with CAGE-validated TSSs vs Random sequences

Relerence Transcripr Random seauences

S TFK model

S



https://github.com/IGDRion/TransforKmers

Transcript
classification

Filtering

Genome

o |

Samplesheet

StringTie

Extended
=== Novel genes - Novel transcripts annotation
=== Known genes - Novel transcripts

Annotation === Known genes - Known transcripts

IGDRion/ANNEXA
> Automatically generated .pdf report at 3 levels genes/transcripts/exons

Transcript length distribution

» M u Itl P I e featu res : Source . IncRNA known |:| IncRNA novel . mRNA known D mRNA novel Proportion of mono versus multi-isoform genes

Isoforms 4 1 [l 2+
» Number of mMRNAs versus IncRNAs

» Number of single-exon genes 054 | % %
> Breadth of expression /Tissue speciﬁcityg 001 S % = %
> Gene extensions " . B %

Transcript length (nt)

= Allows to QC novel annotated genes/transcripts/exons



MNellljacr?:rila Histiocytic | OsteoSarcom
Sarcoma (HS) (OS)

Canis Familiaris
(CFA)

¥

Homo Sapiens (HSA)

(MM)

)

IGDR:on

Sequencing plateform

A

nf-core/ *
nanoseq

\

ANNEXA

LncRNA and mRNAs quality control with LR-RNAseq

Poly(A) extraction and library
preparation

Direct cDNA Nanopore
Sequencing

Basecalling - read QC - mapping

Extended annotation
(new IncRNAs +
MRNAS)



IGDRion

Sequencing plateform

;m EN Extranet Se connecter Q N3

A Institut de Génétique & Développement de Rennes
(gdr/

IGDR UMR 6290 CNRS - UR1

INPUT SAMPLES

v Linstitut v Larecherche v Orientations v Laformation v Services & équipements
Scientifiques

) 4

Accueil / Services & équipements / Séquengage

i o L. . B3 contacts
Sequencage de troisieme genercmon

Thomas DERRIEN

Séquengage longue lecture : Oxford Nanopore Technology (ONT) Eﬁyipe Génétique du
ien
5 F thomas.derrien@univ
La technologie de séquengage a lecture longue (Long-read sequencing) proposée par ONT (Oxford Nanopore Technologies) est -rennes.fr
basée sur la détection d'un courant différentiel lors du passage d'une molécule unique linéaire a travers un nanopore biologique +33 (0)2 23 23 65 34

ancré dans une membrane synthétique. Le nanopore est un capteur de flux ionique qui varie selon I'encombrement stérique du
composé qui le traverse, ce qui permet d'identifier la séquence d'un brin 'ADN sur une grande longueur (jusqu’a plusieurs Mb)
quelque soit sa composition en éléments répétés, en régions riche en GC ou methylées.

LIBRARY PREP.

.

Edouard CADIEU

Equipe Génétique du
Chien

edouard.cadieu@univ
-rennes.fr

IGDRion +33 (02232344 84
Sequencing plateform v

Présentation de la technologie Mise a Disposition (MAD)

de séquengage troisieme @ Ailleurs sur le web...
génération

A

https://nanoporetech.com/

29 30 51 [ 21 (38

. A 5 6 E E E
"‘8’“ 10 11 12 13 14 15 &5 Voir aussi...

-----=

Ou sommes nous ?

SEQUENCING

e E NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Localisation Formulaire de demande
d'utilisation du séquenceur

Nanopore v

BIOINFORMATIC
ANALYSES

Contact & Equipe



https://igdr.univ-rennes.fr/igdrion

Applying ANNEXA : M&M

A==}

0.0 M 2.0M 4.0M 6.0 M 8.0 M 10.0 M 12.0 M
Number of reads (Millions)
B C
1100 -
12
o
cancer_type
1000 1 ® MM
< 2 114 ® HS
c) —
c < ® OS
L) o
= 900 - o
Q o :
e & 104 species
® dog
800 ® A human
9 -
700 -

] ]
Cell_line Cell_line



Reference genome : A Reference genome :

canFam4 GRCh38
Reference annotations (x3) : Reference annotations (x2):
_ Ensembl (Dyer et al., 2025)
’ GENCODE Gencode (Mudge et al., 2025)
NONOLVIN NG

= RefSeqRefseq (0’Leary et al., 2016)

CHESS (Varabyou et al., 2023)

Uppsala Univ (Wang et al., 2021)




Bambu Stringtie
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NOVEL
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Bambu novel IncRNA

N2 O >
vx\% v& ‘;29 /@* O
S

100%

75%

50%

Proportion

25%

0%

Sample

Different patterns in classification:

StringTie novel IncRNA

N 9 % ™ N
S f‘ y f NS
F &S

&
Sample

- Bambu: primarily intergenic (u) and antisense (x)
- Stringtie: intergenic (u) and extension of known IncRNAs (k), very few antisense

100%
75%
50%
25%

0%

Class Code

i

X c x

novel isoform
extension

intergenic (lincRNAs)
antisense



=> 5 novel genes

ortholog bw human and

dog (3 IncRNASs)

=> MM-specific

=> Potential candidates

for future functional
validation/biomarker
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MSD4 4VENIR

méhorer la Vie ENsemble
par Minnovation et b Recherche

e Development of a new tool to process long-read RNA seq data and extend
existing annotations in a context-aware manner.

e ANNEXA is FAIR and freely available (https://github.com/IGDRion/ANNEXA/)

= O IGDRion / ANNEXA

<> Code (© Issues [ Pullrequests (® Actions [ Projects

& ANNEXA Pusic

¥ dev - ¥ 2Branches © 6 Tags

In _github/workflows
ANNEXA

8 assets

M bin

8 examples

I8 modules

[ .gitignore

[ Dockerfile

(3 README.md
[ environmentyml
O main.nf

[ nextflow.config

This branch is 21 commits ahead of main .

m wiki

& N-Hoffmann Merge pull request #25 from N-Hoffmann/stringtie @

© security |~ Insights

S EditPins v

1% Contribute ~

Q Gotofile t

remove of packages now done in transforkmers

Improve a bit README.md

Changes to QC pdf

Fix class_code process

additional modifications due to bambu version modification
Add NDR prefilter

remove of packages now done in transforkmers

additional modifications due to bambu version modification
Add NDR prefilter

Specify numpy version

Fix class_code process

Add NDR prefilter

Q Type [/ to search

®©Watch 1 ~

e04cda4 - last week ) 116 Commits

9 months ago
2 years ago

2 months ago
last month
last year

last week

9 months ago
last year

last week

2 months ago
last month

last week

% Fork 3 M Y7 Star 6 -

About

Nextflow pipeline to extend reference
annotation with nanopore reads, classify
novel genes (MRNAs vs IncRNAs).
Readme

Activity

Custom properties

6 stars

1 watching

3 forks

<000+ B

Report repository

Releases 6

© ANNEXA v3.1.1

on May 7

+ 5 releases

Packages 1

& annexa

Contributors 5

@006

= 100 dog and 30 human MM samples

e Applied ANNEXA on pilot comparative oncology long-read RNA seq,
highlighting tool specific annotation of IncRNA biotypes



https://github.com/IGDRion/ANNEXA/
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The cell as an RNA machine

Anastasia
RUSAKOQOVICH




What are circRNA?

e circRNAs are a type of non-
coding RNA forming closed-
loop structures



What are circRNA?

e circRNAs are a type of non-
coding RNA forming closed-
loop structures

e Highly stable, often tissue-
specific, potential disease
biomarkers

e Interestis growing due to their
roles in gene regulation and
cancer

Cell cycle



How are they generated?

® Produced by back-splicing, @ ryacor —_— e
non-canonical splicing event LneRNAs L i | AAA

¢ Canonical splicing
® Multiple isoforms can arise - -

from the same linear RNA , , C —

, Ql/ Back-splicing
circRNAs ‘ ‘

/

Yu, CY., Kuo, HC. The emerging roles and functions of circular RNAs and their generation. J Biomed Sci 26, 29 (2019)




How are they generated?

® Produced by back-splicing, a
non-canonical splicing event

® Multiple isoforms can arise
from the same linear RNA

® Short-read sequencing
struggles to reconstruct full
isoforms

L BRI | AAA
L sl | AAA

SECOND GENERATION
SEQUENCING
Unknown origin

% Circular origin

mMRNAs or
LncRNAs

SECOND GENERATION
SEQUENCING

circRNAs

Yu, CY., Kuo, HC. The emerging roles and functions of circular RNAs and their generation. J Biomed Sci 26, 29 (2019)



Why long-read sequencing?

Oxford Nanopore allows sequencing of RNA— &
full-length molecules, capturing internal
structure and alternative splicing events

ion flow — =
helicase —

membrane

A4
Seneiin Exon1  Exon2  Exon3 Exon 4 Exon 5 Exon 6 Exon7  Exon8 Exon 9 T
mRNA
| L L ___ B | | B | — | B | L] —_— C
L L | L B | L I
| | . I . . —_— -_—a | B N . .. | - C
1 . | I N ] L BN
e _ .. M N B S - . - LN I | —_—— L]
L 1 . I | & | L |
L | B ] ] L __ B | L ___ B & | N

Sequencing plateform



Protocols for linearization of
circRNAs

..............................................................................................................................................................................................................................................
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Existing bioinformatic tools for circRNA long-read data

circNICK-Irs isoCirc CIRI-long

Expected Input Fragmentation Rolling circle Rolling circle
amplification reverse transcription
1 - Repeat Detection o/\'o Tandem Rgat Finder k-mer approach (k=8,11)
2 - Mapping PBLAT minimap?2 minimap2, SPOA, mappy,
bwapy

3 - BSJ detection
-Iterative alignment X X e
-Multi-tiered scoring X V4 X
-Spatial constraints v V4 X
-Splice site usage X V4 4
-Database reliance V4 X V4

(3 databases) (only classif 2 db) (for BSJ correction,1 db)

-+ No comprehensive benchmark study comparing the bioinformatic tools developed for ONT
sequencing data analysis



Our benchmark study

circRNA Oxford Tool
sequences Nanopore application
generation reads and evaluation

generation



Requirements for simulation

Database features

S

circAtlas wueta], circBase [Glazar et al ]

single exon circRNA ; .
mul RNA  exon-in tron circRNA

CIICRNA ¢jrcRNA type and
lengths inner structure

donor acceptor

IT ___’r"'TTTTIl"l "
- (o1 . - - - - X -

exon intron exon

circRNA splice sites

&

Protocol features

Mouse brain, ONT (CIRI-long
protocol, SRA: CRR194180)

Rolling circles count and repeat pattern



Mature Length (nt)

10000

5000

2000

1000

500

200

100

Mature Length Distribution by circRNA Type

eciRNA (Exonic)

EIciRNA (Exon-Intron)

circRNA Type Distribution
I eciRNA (Exonic): 55.3% (5451)
I EIciRNA (Exon-Intron): 36.3% (3582)

I Intergenic: 7.2% (709)

I ciRNA (Intronic): 1.2% (114)

ciRNA (Intronic)

Intergenic

Percentage

100
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20

100

80

60

Percentage

40

20

Exon Count Distribution

by circRNA Type

eciRNA (Exonic)

Splice Site Distribution by circRNA Type

eciRNA (Exonic)

EIciRNA (Exon-Intron)

EIciRNA (Exon-Intron)

ciRNA (Intronic)

ciRNA (Intronic)

Intergenic

Intergenic

Number of Exons
1

2

3

4

5+

N

Splice Site Type
@ GT-AG
[ Non-canonical




Count

200000

150000

100000

50000

1-50

Repeat Length vs Copy Number Distribution

51-100

101-300

Copy Number

-1 How many rolling
B 6-11 .
=l circles protocol
B 17-20
= 20 ntroduces?
— 31+ Q g ,,

R e e 1repeat =1 copy

of circRNA

301-60
601-100
1001-1500
1501-4000

4001+

Repeat Length (bp)



Our benchmark study

Oxford
Nanopore
reads
generation

Using NanoSim tool
(Hafezqorani et al. Gigascience, 2020)



Benchmark dataset

A ) P o L
Ul ivaiilii

/\Lﬁmm@ [linear RNA ]@ [Real data | =

\ J Generated circRNA @I™% GENCODE vM10 ONT mouse brain data

sequences 0" linear transcripts & (CRR194180)
7,500 circRNAs B 117,667 linear RNAs CIRI-long protocol

Qc¢4 ................. Qﬁai"""'--:-. --------

realistic error
v .
. profiles
200,000 circular 200,000 linear
reads reads

~

Benchmark dataset: 400,000 reads@
based on CIRI-long wet-lab protocol




Our benchmark study

Tool
application
and evaluation

Descriptive and
performance
metrics



Descriptive metrics: Number of circRNAs detected

Total isoforms
detected: 1500
2295/7503 1317
(30.58%)

1000

Intersection Size

500
14

S . { | [ [

circNICK-Irs

1500
1000
500



Descriptive metrics: Length distribution

16000 “=7§503 n=940 n=379 n=1837

14000
12000
10000

8000- %

Mature Length (bp)

6000 -

4000

2000+

——

Ground Truth CIRI-'Iong IsoCirc CircNick-LRS
Tool



Descriptive metrics: circRNA type distribution

ciri_long classification
eciRNA: 47.7% (448)
EICiRNA: 50.1% (471)
CiRNA: 1.8% (17)
intergenic: 0.4% (4)

ground_truth classification
B eciRNA: 4.1% (308)
B EIciRNA: 76.7% (5758)
BN ciRNA: 1.0% (74)
B intergenic: 18.2% (1363)

circnick classification
B eciRNA: 18.6% (342)
B EICiRNA: 81.4% (1495)

isocirc classification
B eciRNA: 58.8% (223)

B EIciRNA: 41.2% (156)




Descriptive metrics: Expression level (TPM)

log10(TPM+0.01)

Ground Truth CIR'I-Iong iSOCIRC circNICK-Irs



Performance evaluation

TP FP FN

90%/75% 64%/75%

Transcript

lap/
level threshold
(not exon-aware)

overlap/ No
threshold overlap

B Successful tool I Failed tool
prediction prediction




Performance evaluation

TP

Transcript

level
(not exon-aware)

overlap/
threshold

98/75%
100/75%

Block level
(exon-aware)

overlap/
threshold

100/75%

Recall/Sensitivity = TP / (TP+FN)
Precision s= TP / (TP+FP)

90%/75%

FP

64%/75%

overlap/
threshold

98/75%
100/75%

overlap/
threshold

72/75%

FN

No
overlap

No
overlap

B Successful tool I Failed tool
prediction prediction




90%

60%

Value

30%

0%

Performance Metrics Comparison: Exon-aware vs. Not exon-aware

Analysis based on simulated reads (overlap fraction = 0.75)

Exon Awareness ‘ Exon-aware O Not exon-aware

Tool . CircNick-LRS . CIRI-long . IsoCirc

Precision Recall F1 Score
Metric



Performance Metrics: Tool Combinations

Analysis based on simulated reads (overlap fraction = 0.75)

Exon Awareness . Exon-aware O Not exon-aware

90% CIRI-long + CircNick . CIRI-long + IsoCirc IsoCirc + CircNick . Union

60% .

Value

30%

0%

Precision Recall F1 Score
Metric



Memory Usage (GB, log scale)

CircRNA Analysis Tools: Time vs Memory Performance

=
o
N

=
o
[

CIRI-long
IsoCirc
Ideal
(faster & lower memory)
CircNick-Irs
5 10 15 20 25 30 35

Elapsed Time (minutes)




Main Findings

® Each tool has distinct strengths: isoCirc (precision and
resources), circNick-Irs (recall and length), CIRI-long
(balance and type assignment)

® Only 11.85% overlap between all three tools -
highlighting complementary detection

® Alltools show bias toward highly expressed circRNAs
and lower sensitivity for exact inner structure



Availability

< S Q@ S
//“ ' al vy
................. Ao T Sy S
FASTA of .
rcRNAs ~—r ! :
from ~ | Protocol- | :
Databases : based

: | circRNA.fa

CIRI-long
——— 1 | Recall

[ [
" —
] [

i| isoCIRC | : F1
J i
P

i | circNICK- |
Irs :

: .
—

Simulation
framework is
available on git

scriptive |
' metrics '
>> Tools >> Metrics

Perspectives

¢ Expand protocols — tool

assessment on different
protocols and species

@’ Containerized pipeline —
tools application and result
combination

ul Real data application —

Melanoma & hepatocellular

carcinoma data generated in
IGDR and OSS
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Journée de Biologie In silico de Rennes

25 November 2025 - Health Campus

JBISR

P R o G R A M BIOLOGIE IN SILICO - RENNES

JBISR is a one-day symposium dedicated to bioinformatics, organized as part of the BIS2 (Biology In Silico) transversal axis
at IGDR. The program highlights cutting-edge research in Al-driven analysis and multi-modal data integration in health and
cancer.

09:30-10:00  Welcoming participants
10:00 - 10:10 Introductory remarks
10:10 - 11:45 Session 1- Integration of Multi-Modal Data in Biology and Cancer

10:10 - 11:00 Keynote Speaker 1

DR. ANDREA RAU
Université Paris-Saclay, INRAE, AgroParisTech

Title: Tackling the statistical challenges of multi-omic integration

Dr. Andrea Rau, a leading expert in biostatistics and computational biology, will discuss cutting-edge methodologies
for multi-omics data integration and highlight applications in oncology.

11:00 - 11:45 3 selected presentations (75 minutes for each presentation)
11:45 - 12:45 Lunch Break

12:45 -13:45 Poster all Sessions with Coffee

13:45 - 15:15 Session 2 - Al for Sequence and Image Analyses

13:45 - 14:25 Keynote Speaker 2

DR. JULIETTE GRIFFIE
Science for Life Laboratory, Stockholm University, Sweden

Title: Interpretable ML for data driven therapeutic design and diagnosis

Dr. Juliette Griffié specializes in computational imaging and Al-driven biomedical modeling. Her talk will cover recent
advances in microscopy image analysis, generative Al, and explainable Al in immunologyapplications in oncology.

14:25 - 15:10 3 selected presentations (15 minutes for each presentation)

15:15 - 15:45 Coffee Break

15:45 - 17:15 Session 3 - Applications of Al and integrative approaches in Personalized Medicine and Health
15:45 - 16:25 Keynote Speaker 3

DR. REMY NICOLLE
Cenftre de Recherche sur I'Inflammation (INSERM, CNRS, Université Paris Cité) Paris

Title: Multimodal Tumor phenotyping for treatment recommendation in pancreatic cancer

Dr. Rémy Nicolle, a renowned expert in onco-genomics and pancreatic cancer research, will discuss emerging multi-
modal integrative approaches and Al methodologies for personalized medicine, focusing on patient stratification,
biomarker discovery, and personalized therapeutic strategies in pancreatic cancer.

16:25 - 17:15 3 selected presentations (15 minutes for each presentation)
17:15 - 17:30 Closing Session - Future Directions in Bioinformatics

Closing Remarks and Farewell
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