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๏ Transcript >200nt with low coding potential

๏ Classified vs mRNA locations : lincRNA vs antisense
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Reference annotation

• Gold standard for reference 
annotation in human and mouse

• Manual curation + evidence-
based transcript models (RNASeq) 



Genome annotation with short-read RNAseq

• 🚫 RNAs are fragmented 
• 🚫 Assembly problem for both :

• mRNAs and lncRNAs
• novel isoforms of known genes and novel genes



• ✅ "No need to reassemble reads"
• ✅ Characterize and quantify "full length" transcripts (repeat-

associated transcripts
• ✅ Direct exon connectivity
• ✅ Epitranscriptomics: identification of RNA modifications (m6A)

Genome annotation with long-read RNAseq

➡    Unfragmented view of the transcriptome        



‣ LR-RNAseq is not totally long/full-length…

Window Position
Scale
chr6:

SINE
LINE
LTR
DNA

Simple
Low Complexity

Satellite
RNA

Other
Unknown

Alt Haplotypes

ClinGen Haploinsufficiency
ClinGen Triplosensitivity

ClinGen Validity

DECIPHER CNVs

LOVD Variants < 50 bp + ins
LOVD Variants >= 50 bp

REVEL overlaps

SNPedia all
SNPedia with text

GTEx Gene

ReMap ChIP-seq

Common dbSNP(155)

Common SNPs(151)

Agilent GenetiSure Cyto CGH+SNP
Agilent GenetiSure Cyto CGH 4x180K

Agilent GenetiSure Cyto CGH 8x60
Illumina 450k
Illumina 850k

CytoSNP 850k

Human Dec. 2013 (GRCh38/hg38)   chr6:43,767,094-43,788,458 (21,365 bp)
10 kb hg38

43,768,000 43,769,000 43,770,000 43,771,000 43,772,000 43,773,000 43,774,000 43,775,000 43,776,000 43,777,000 43,778,000 43,779,000 43,780,000 43,781,000 43,782,000 43,783,000 43,784,000 43,785,000 43,786,000 43,787,000 43,788,000
NA12878-DirectRNA.minimap2-2.5

UCSC annotations of RefSeq RNAs (NM_* and NR_*)

NCBI RefSeq genes, predicted subset (XM_* or XR_*) - Annotation Release NCBI Homo sapiens Annotation Release 110 (2022-04-12)�
Non-Human RefSeq Genes

NCBI RefSeq genes, curated subset (NM_*, NR_*, NP_* or YP_*) - Annotation Release NCBI Homo sapiens Annotation Release 110 (2022-04-12)�

Repeating Elements by RepeatMasker

Reference Assembly Fix Patch Sequence Alignments
Reference Assembly Alternate Haplotype Sequence Alignments

GENCODE V43 (8 items filtered out)

Basic Gene Annotation Set from GENCODE Version 26 (Ensembl 88)

Comprehensive Gene Annotation Set from GENCODE Version 26 (Ensembl 88)

Pseudogene Annotation Set from GENCODE Version 26 (Ensembl 88)
NCBI RefSeq and Ensembl transcripts from the MANE Project (v1.0)

OMIM Allelic Variant Phenotypes

ClinGen curation activities (Dosage Sensitivity and Gene-Disease Validity)

ClinVar Short Variants < 50bp (22 items filtered out)
ClinVar SNVs submitted interpretations and evidence

Catalogue of Somatic Mutations in Cancer V82

DECIPHER CNVs (No Items Merged in window)

Protein Interactions from Curated Databases and Text-Mining

GeneReviews
NHGRI-EBI Catalog of Published Genome-Wide Association Studies

Human Gene Mutation Database Public Variants

Leiden Open Variation Database Public Variants

OMIM Cytogenetic Loci Phenotypes - Gene Unknown
OMIM Gene Phenotypes - Dark Green Can Be Disease-causing

REVEL: Mutation is A

REVEL: Mutation is C

REVEL: Mutation is G

REVEL: Mutation is T

REVEL Pathogenicity Score for single-base coding mutations (zoom for exact score)

SNPedia

Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)

Gene Expression in 53 tissues from GTEx RNA-seq of 8555 samples (570 donors)

Transcript Expression in 53 tissues from GTEx RNA-seq of 8555 samples/570 donors

JASPAR CORE 2022 - Predicted Transcription Factor Binding Sites (62350 items filtered out)

ReMap density

ReMap Atlas of Regulatory Regions

Short Genetic Variants from dbSNP release 155

All Short Genetic Variants from dbSNP Release 153 (5099 items filtered out)
Simple Nucleotide Polymorphisms (dbSNP 151) Found in >= 1% of Samples

Simple Nucleotide Polymorphisms (dbSNP 151)

Simple Nucleotide Polymorphisms (dbSNP 142)

Microarray Probesets

Basic Gene Annotation Set from GENCODE Version 43 (Ensembl 109)

Pseudogene Annotation Set from GENCODE Version 43 (Ensembl 109)
H3K27Ac Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

Mus Vegfa/NM_001287058
Mus Vegfa/NM_009505

Mus Vegfa/NM_001287056
Mus Vegfa/NM_001317041
Mus Vegfa/NM_001287057
Mus Vegfa/NM_001025257
Mus Vegfa/NM_001025250

Rattus Vegfa/NM_001287108
Rattus Vegfa/NR_105011

Rattus Vegfa/NM_001287113
Rattus Vegfa/NM_001287112
Rattus Vegfa/NM_001287107

Rattus Vegfa/NM_031836
Rattus Vegfa/NM_001110334
Rattus Vegfa/NM_001110333
Rattus Vegfa/NM_001317043
Rattus Vegfa/NM_001287110
Rattus Vegfa/NM_001287111
Rattus Vegfa/NM_001287114
Bos VEGFA/NM_001316993
Bos VEGFA/NM_001316992
Bos VEGFA/NM_001316956
Bos VEGFA/NM_001316955

Bos VEGFA/NM_174216
Macaca VEGFA/NM_001278385
Macaca VEGFA/NM_001278384
Macaca VEGFA/NM_001278437
Macaca VEGFA/NM_001278410

Gallus VEGFA/NM_001110355
Gallus VEGFA/NM_205042

Canis VEGFA/NM_001003175
Canis VEGFA/NM_001110501
Canis VEGFA/NM_001110502
Capra VEGFA/NM_001287034
Capra VEGFA/NM_001287035
Equus VEGFA/NM_001081821

Sus VEGFA/NM_214084
Felis VEGFA/NM_001009854

Mesocri Vegfa/NM_001281843
Ovis VEGFA/NM_001025110

Oncorhy vegf/NM_001124417
Xenopus vegfa.S/NM_001097785
Xenopus vegfa.L/NM_001085589

Danio vegfaa/NM_131408
Danio vegfaa/NM_001110349
Rattus Vegfa/NM_001110335
Rattus Vegfa/NM_001110336

Mus Vegfa/NM_001110267
Mus Vegfa/NM_001110266
Mus Vegfa/NM_001110268

POLR1C/NM_001318876.2
VEGFA/NM_001317010.1
VEGFA/NM_001171630.2
VEGFA/NM_001171622.2
VEGFA/NM_001171628.2
VEGFA/NM_001025370.3
VEGFA/NM_001171627.2
VEGFA/NM_001025369.3
VEGFA/NM_001171629.2
VEGFA/NM_001033756.3
VEGFA/NM_001171626.2
VEGFA/NM_001025368.3
VEGFA/NM_001171625.2
VEGFA/NM_001025367.3
VEGFA/NM_001204384.2
VEGFA/NM_001204385.2
VEGFA/NM_001171624.2

VEGFA/NM_003376.6
VEGFA/NM_001171623.2
VEGFA/NM_001025366.3
VEGFA/NM_001287044.2

VEGFA
VEGFA
VEGFA

ENSG00000272114
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA

VEGFA
RP1-261G23.7

VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA

VEGFA
VEGFA

RP1-261G23.7
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA
VEGFA

VEGFA

VEGFA
VEGFA

VEGFA
VEGFA

VEGFA

192240.0002 192240.0001

COSM4612614
COSM4612615
COSM6384716
COSM6384717
COSM5558724
COSM5558725
COSM4161241
COSM4161242
COSM6233843
COSM6233844
COSM5734807
COSM5734808
COSM4161243
COSM4161244
COSM6380478
COSM6380479
COSM1444774
COSM5156445
COSM6365413
COSM6365414
COSM6380005
COSM6380006
COSM6368308
COSM6368309
COSM6389873
COSM6389874
COSM4535340
COSM4535341
COSM1744720
COSM1187043
COSM5958283
COSM5958284
COSM6405612
COSM6405613
COSM5762019
COSM5762020
COSM3669617
COSM3669617
COSM3669618
COSM3669618

COSM6371665
COSM6371666
COSM6351875
COSM6351876
COSM1754833
COSM1754833
COSM4006520
COSM1079672
COSM5835220
COSM5835221
COSM3784692
COSM3784693

COSM5405407
COSM5405408

COSM484126
COSM3374303
COSM3374304

COSM3627749
COSM3627750
COSM1079673
COSM5583021
COSM5583022
COSM3627751
COSM3627752
COSM3874389
COSM3874390
COSM3627753
COSM3627754
COSM4845055
COSM4845056
COSM6454778
COSM6454779
COSM6174536
COSM6174537
COSM1444775
COSM5180475
COSM6471242
COSM6471243
COSM3352165
COSM4356033
COSM4392183
COSM4392184
COSM1079674
COSM5357331
COSM5357331
COSM5357332
COSM5357332

COSM3627755
COSM3627756

COSM73252
COSM6256823
COSM6256824

COSM1621699
COSM1621699
COSM3662574

COSM3784694
COSM248279
COSM248279

COSM6471244
COSM4877082
COSM5014607
COSM4515268
COSM1634817
COSM1241887
COSM5813352
COSM5813352
COSM6193300
COSM5615700
COSM6385531
COSM1079675
COSM6019190

COSM3627757
COSM3627758
COSM3352175
COSM4356037
COSM3627759
COSM3627760
COSM1444777
COSM1444777
COSM1444777
COSM4356040
COSM4356040
COSM4356040
COSM5106588
COSM1754834
COSM1754834
COSM4006521
COSM292836
COSM296967

COSM96283

COSM1722933
COSM1722933

COSM5938173
COSM3627761
COSM3627761
COSM3352182
COSM3411133

VEGFA: KDR,AKT1,AKT3,AKT2,EPHB2,MAPK3,SETD2,MAPK1,MAPK7,MAPK10

rs833061
rs833061
rs833061
rs833061

rs1570360
rs1570360

rs186369938
rs186369938
rs186369938

rs3024987
rs3024987
rs3024987
rs3024987
rs833070
rs833070
rs833070
rs833070

rs3025047
rs3025049

rs138551969
rs138551969
rs138551969
rs138551969

rs3025020
rs3025020
rs3025021
rs3025028
rs3025028
rs3025028
rs3025028

rs143145866
rs3025033
rs3025053
rs3025053
rs3025053
rs3025053
rs3025053
rs3025053
rs3025053
rs9472125
rs9472125

VEGFA:CR052439
VEGFA:CR087712

VEGFA:CR084643
VEGFA:CR022118

VEGFA:CR021404
VEGFA:CI103232

VEGFA:CM103230

VEGFA:CM119370
VEGFA:CM103231
VEGFA:CM085763
VEGFA:CS1610072

VEGFA:CR004620
VEGFA:CR172807

610060
192240

VEGFA

VEGFA/ENST00000476772

VEGFA/ENST00000611736

VEGFA/ENST00000615393

VEGFA/ENST00000617771

VEGFA/ENST00000621747

VEGFA/ENST00000372067

RP1-261G23.7/ENST00000607600

VEGFA/ENST00000324450
VEGFA/ENST00000417285
VEGFA/ENST00000413642
VEGFA/ENST00000482630
VEGFA/ENST00000425836
VEGFA/ENST00000372064

VEGFA/ENST00000372077

VEGFA/ENST00000519767

VEGFA/ENST00000520948

VEGFA/ENST00000518538

VEGFA/ENST00000523873

VEGFA/ENST00000523950

VEGFA/ENST00000512683

VEGFA/ENST00000457104

VEGFA/ENST00000518689

VEGFA/ENST00000523125
VEGFA/ENST00000518824

VEGFA/ENST00000230480

VEGFA/ENST00000480614

VEGFA/ENST00000520265

VEGFA/ENST00000497139

VEGFA/ENST00000493786

rs1210355927
rs1287509396
rs1226452889
rs925703980
rs949596639

rs1272173224
rs112185675
rs376644908
rs989035029

rs1457454467
rs917400041

rs1388299039
rs1157443383

rs71562774
rs1044632545
rs573909087

rs1203330015
rs1263681186
rs1189395031
rs1478862562
rs1194416934
rs906102376
rs879327422

rs1167173754
rs1323415187
rs1350893497
rs942251350

rs1453406367
rs1435314679
rs1287659382
rs1318932516
rs1362950504
rs1401118721
rs1292177307
rs1350973982
rs1038172786
rs1353018199
rs767879843
rs149428649
rs996684089

rs1449062180
rs117828773
rs890469477

rs1010151578
rs545474514
rs968939239
rs563785206

rs1276118007
rs1262447097
rs1488606039
rs1210038529
rs1256990865

rs1123448
rs1026180229
rs890292181

rs1356837619
rs992537376
rs916878921

rs1008690346
rs543254379

rs1388404057
rs561405499

rs1157434785
rs951084268

rs1425557011
rs1017548875
rs1190447986
rs983665184
rs964592879
rs908141203

rs1312790174
rs1373108377
rs978450655

rs1482406121
rs1449500868
rs1303099964
rs541304064

rs1037851427
rs833060

rs1352861399
rs546996462

rs1309095287
rs35465679

rs558872735
rs1368729613
rs1304693494
rs988976413
rs916968200
rs192347548
rs980212518

rs1278032547
rs1051885235
rs890461262
rs751991922
rs138384935
rs927578918
rs756572051

rs1483362995
rs1480451649
rs1041645371
rs778008616

rs1331598033
rs941598480

rs1289396321
rs1240477402
rs551051806
rs569458636

rs1396735822
rs918575082
rs34137120

rs1000538017
rs1173567815
rs542405507

rs1390507421
rs929958447

rs1034144846
rs1409734634
rs958792855

rs1423818235
rs1254884763
rs1013950488
rs1465998752
rs143796651

rs1176221272
rs951032205

rs1327683872
rs1353385596
rs116457709

rs1009158771
rs567366346

rs1439835733
rs900442006
rs112450030

rs1456567231
rs1382513024
rs932178981

rs1458366412
rs1032897569
rs1367336472
rs552996796
rs578043319
rs946128056

rs1463773963
rs1269932170
rs768015380
rs539079003

rs1279503456
rs1009882969
rs1024489691
rs1306977162
rs1196998888
rs1343128215
rs1297052275

rs35768366
rs971158382
rs557489683

rs1324417658
rs184767819

rs1056148896
rs533300128
rs28678416

rs894305985
rs1300731241
rs1431174431
rs927464605

rs1167509858
rs542769105
rs962965907
rs750903816

rs1451519728
rs974303229
rs561503087

rs1483388553
rs1407660395
rs1226403978
rs1003922284
rs1276370722
rs1233778627
rs1330445553
rs373355496

rs1051074470
rs188031203

rs1460569998
rs912665044

rs1029685027
rs1403971518
rs1323688347
rs565278135

rs1473221742
rs1184902946
rs1251128214
rs942741002

rs1444328988
rs912081750
rs779771887
rs766975809

rs1281170011
rs1230112510
rs1269463954
rs1351075884

rs748929835
rs936038934

rs1055697224
rs1413537890

rs532760607
rs754720897

rs1054800631
rs544631115

rs1175561572
rs1473855100
rs1238112832

rs563029114
rs1460123552
rs1261054800
rs1010347264
rs1329786482
rs1283384786
rs1003958122
rs1017135921

rs898145485
rs1023955728

rs996948503
rs1028003329
rs971593907
rs530596061

rs1453677598
rs548826820
rs376471919

rs1001230999
rs1436189676
rs1241982129
rs1407552640
rs1414675465
rs528286923
rs12208152

rs539015056
rs1190274850

rs71562775
rs1465229623
rs967570231

rs1474711064
rs974187072

rs1026328218
rs977528899
rs148167819

rs1244530324
rs1356830068
rs1299452803
rs1228664986

rs987227253
rs991869191

rs1439256312
rs1343322014

rs747929075
rs1322985320
rs180750781
rs942646113

rs1422746154
rs975499758

rs77064698
rs184611063

rs1054284156

rs773135058
rs945983401

rs1184511503
rs1489432451
rs1282573076
rs1045842923
rs1221650916
rs1489671751
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LR-RNASeq is not always long…



Long-read RNA-seq Genome Annotation Assessment Project

StringTie Bambu IsoQuant

…

๏Long-read methods



🚫 "Significant discrepancies among LR-RNAseq methods for transcript 
discovery."

➡Better multiple tools

🚫 No tool include lncRNA annotation (coding potential)

Long-read RNA-seq Genome Annotation  Assessment Project

StringTie StringTie IsoQuant

…



Long-read RNA sequencing : state of the art

Multiple tools 
for discovery

Annotate 
lncRNAs

Transcript 
classification

Full-length 
assessment

nf-core/
nanoseq

Bambu or Stringtie

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

wf-human-
transcriptome

Stringtie only gffcompare

https://github.com/
epi2me-labs/wf-
transcriptomes

TAGADA
Stringtie only FEELnc FEELnc_classifier

https://github.com/
FAANG/analysis-

TAGADA

ANNEXA https://github.com/
IGDRion/ANNEXA/

Nicolaï

HOFFMANN

https://nf-co.re/nanoseq/
https://github.com/epi2me-labs/wf-transcriptomes
https://github.com/FAANG/analysis-TAGADA
https://github.com/IGDRion/ANNEXA/
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ANalysis with Nextflow for EXtended Annotation

ANNEXA



ANalysis with Nextflow for EXtended Annotation

+ novel 
genes and 
transcripts

ANNEXA



ANNEXA    

• Bambu :  better when reference annotation is more complete

• StringTie : better to identify novel isoforms



ANNEXA   

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

‣FEELnc uses a RandomForest model trained with sequence features

‣ORF sizes

‣k-mer profiles

‣Transcript length

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

➡Allows to discriminate between novel mRNAs versus lncRNAs

FEELnc: Wucher et al., 2017



ANNEXA   

➡Extension of known gene 

gffCompare: Pertea G and Pertea M, 2020

➡Novel isoform of known gene

➡ antisense lncRNA

➡ Long intergenic ncRNA



ANNEXA      

Reference Transcript

TSS

Random sequences

Referen

T

Rando

TFK model

• Transformer-based model to classify DNA/RNA sequences.

• Pretrain with species-specific genomic sequences (DNABERT)

• Finetuning with CAGE-validated TSSs vs Random sequences

https://github.com/IGDRion/TransforKmers

https://github.com/IGDRion/TransforKmers


ANNEXA : Quality control

➡Allows to QC novel annotated genes/transcripts/exons

‣Automatically generated .pdf report at 3 levels genes/transcripts/exons

‣Multiple features :

‣Number of mRNAs versus lncRNAs

‣Number of single-exon genes

‣Breadth of expression /Tissue specificity

‣Gene extensions



Applying ANNEXA to comparative oncology



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

BIOINFORMATIC 
ANALYSES

INPUT SAMPLES

LIBRARY PREP.

SEQUENCING

 
        

     

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


Applying ANNEXA : M&M

Chipie

Bear

WM32

HMV2

twiny

popsi

CML10

chrystalRate

chrystalPoumon
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➡~6M reads

➡Variable number of reads 

per sample

➡ length~900nt

➡Qscore ~10.5 (old 

chemistry)



Reference genome : 	

canFam4	

Reference annotations (x3) : 	

	 - Ensembl (Dyer et al., 2025) 	

	 - Refseq (O’Leary et al., 2016)	

	   Uppsala Univ (Wang et al., 2021)

Reference genome : 	

GRCh38	

Reference annotations (x2):	

	 - Gencode (Mudge et al., 2025)	

	 - CHESS (Varabyou et al., 2023)	

Applying ANNEXA : M&M



➡ Bambu reconstructs more known genes/transcripts that Stringtie consistently

Benchmarking Stringtie and Bambu for reconstruction – Known elements



➡ Bambu reconstructs more known genes/transcripts that Stringtie consistently	
➡ Consistent pattern across the canine annotation

Benchmarking Stringtie and Bambu for reconstruction – Known elements



➡ Bambu reconstructs more known genes/transcripts that Stringtie consistently	
➡ Consistent pattern across the canine annotations	
➡ As well as human annotations (although with lower rates)

Benchmarking Stringtie and Bambu for reconstruction – Known elements



➡ StringTie reconstructs more novel elements than Bambu	
➡ Filtering process dramatically reduces number of novel elements

Benchmarking Stringtie and Bambu for reconstruction – Novel elements



Different patterns in classification:	
- Bambu: primarily intergenic (u) and antisense (x)	
- Stringtie: intergenic (u) and extension of known lncRNAs (k), very few antisense

Comparing classifi
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=> 5 novel genes 
ortholog bw human and 
dog (3 lncRNAs)	

=> MM-specific	

=> Potential candidates 
for future functional 
validation/biomarker

Conserved novel genes  dog and human

X X X

X X



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

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

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

Conclusions

➡ 100 dog and 30 human MM samples

https://github.com/IGDRion/ANNEXA/
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mRNAs

ncRNAs

small ncRNAs 
rRNAs, tRNAs, snoRNAs, miRNAs…

lncRNAs

circRNAs

The cell as an RNA machine
Anastasia


RUSAKOVICH



What are circRNA?

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



What are circRNA?

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

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

● Interest is growing due to their 
roles in gene regulation and 
cancer



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

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

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 
full-length molecules, capturing internal 
structure and alternative splicing events



Fragmentation based approach Rolling circle based approach

No 
repeats! 

Have 
repeats!

Protocols for linearization of 
circRNAs



Existing bioinformatic tools for circRNA long-read data 

Step      \   Tool circNICK-lrs isoCirc CIRI-long
Expected Input Fragmentation Rolling circle 

amplification
Rolling circle 

reverse transcription

1 - Repeat Detection Tandem Repeat Finder k-mer approach (k=8,11)

2 - Mapping PBLAT minimap2 minimap2, SPOA, mappy, 
bwapy

3 - BSJ detection 
-Iterative alignment 
-Multi-tiered scoring 
-Spatial constraints 
-Splice site usage 
-Database reliance

      (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



1. Simulation of circRNA 
reads

2. Tool 
application1.1 1.

2

Our benchmark study 

circRNA 
sequences 
generation

Oxford 
Nanopore 

reads 
generation

Tool 
application 

and evaluation



Requirements for simulation

Database features 

Rolling circles count and repeat pattern

circRNA 
lengths

circRNA splice sites

circRNA type and 
inner structure

Protocol features 

circAtlas [Wu et al.], circBase [Glažar et al.]

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





How many rolling 
circles protocol 

introduces?

1 repeat = 1 copy 
of circRNA



1. Simulation of circRNA 
reads

2. Tool 
application1.1 1.

2

Our benchmark study 

Oxford 
Nanopore 

reads 
generation

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



Benchmark dataset

200,000 circular 
reads

200,000 linear 
reads

realistic error 
profiles

sim_circRNA linear RNA Real data

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

117,667 linear RNAs



1. Simulation of circRNA 
reads

2. Tool 
application1.1 1.

2

Our benchmark study 

Descriptive and 
performance 

metrics

Tool 
application 

and evaluation



Descriptive metrics: Number of circRNAs detected

1317

377
272 233

58 24 14

1500

1000

500

0

15
00

10
00

50
0 0

Total isoforms  
detected:  
2295/7503  
(30.58%)



Descriptive metrics: Length distribution



0

Descriptive metrics: circRNA type distribution



Descriptive metrics: Expression level (TPM)
lo

g1
0(

TP
M

+0
.0

1)

Ground Truth CIRI-long isoCIRC circNICK-lrs



Performance evaluation

TP FP FN

Transcript 
level 
(not exon-aware)

Block level 
(exon-aware)



Performance evaluation

TP FP FN

Transcript 
level 
(not exon-aware)

Block level 
(exon-aware)

Recall/Sensitivity = TP / (TP+FN)

Precision               s= TP / (TP+FP)









● 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 

● All tools show bias toward highly expressed circRNAs 
and lower sensitivity for exact inner structure

Main Findings



Availability 

🔬 Expand protocols → tool 
assessment on different 
protocols and species 

🐳 Containerized pipeline → 
tools application and result 
combination 

📊 Real data application → 
Melanoma & hepatocellular 
carcinoma data generated in 
IGDR and OSS

Simulation 
framework is 

available on git

Perspectives
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Institut de génétique 
& développement 
de Rennes 

JBISR
Journée de Biologie In silico de Rennes

P R O G R A M
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 AI-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 (15 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 – AI for Sequence and Image Analyses

13:45 - 14:25 Keynote Speaker 2
DR. JULIETTE GRIFFIÉ  
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 AI-driven biomedical modeling. Her talk will cover recent 
advances in microscopy image analysis, generative AI, and explainable AI 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 AI and integrative approaches in Personalized Medicine and Health

15:45 - 16:25 Keynote Speaker 3
DR. RÉMY NICOLLE  
Centre de Recherche sur l’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 AI 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

25 November 2025 - Health Campus




