
L’ère NGS…. 

https://ngstc.iutms.umontpellier.fr/formations/m2bs/TP-
rnaseq/



NGS et Transcriptomics

 Introduction: l’ére NGS et état des lieux, principaux 
séquenceurs (vu en intro)

 Les enjeux de l’analyse, principales applications en diagnostic 
(ADN/ARN)

 Transcriptome et RNAseq, les questions biologiques

Les différentes stratégies d’analyse 

Le mapping, exemple et limites

Annotations génomiques, transcriptome de reference

Méthodes « reference-free», Comment passer à l’échelle 
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Objectifs of kmer approaches 

 High quality 
analysis of public 
datasets

 In depth analysis 
of the whole 
transcriptome

 Large scale 
request 

 Use of RNAseq resources in 
biology

 New Biomarkers (outside 
reference)

 Many applications in biology, 
human health, 
pharmaceutics, biomarkers… 



k-mer  as signature for genomic unit

Advantages
 Without référence
 Large pannel events 
 Rapid counting
 Large datasets

Limits
 Specificity of k-mers vs 

complete transcrit
 Polymorphisms
 Signal/Noise low ratio

K ~31



Quantification with kmers 

TGTCAGTGTCGTCGCTAGTAG

Example k = 4

TGTCAGTGTCGTCGCTAGTAG

TGTCAGTGTCGTCGCTAGTAG

...

FASTQ
Counting k-mers

(jellyfish, DSK, ...)

k-mer abundance

TGAC 3

AATG 34

... ...

TATG 12

Very fast
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Transcriptome and 
RNAseq 

 Public datasets
 Quality of datasets ?  



KmeratoR Suite to quickly
explore large RNA-Seq datasets



To extract kmers in a specific way for
Gene or Transcript signatures



To count kmer predictors
 for in depth RNAseq 

analysis Methodological questions 



Most frequent biological 
questions
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Donner plusieurs exemples d’approches large scale kmers pour 
genomes et transcriptomes 
Redoak…

https://gite.lirmm.fr/doccy/RedOak

Différentes approches (cf Revue Camille Marchet)

https://gite.lirmm.fr/doccy/RedOak






Marçais G, Kingsford C. A fast, lock-free approach for efficient parallel 
counting of occurrences of k-mers. Bioinformatics 2011;27(6):764–70.

 Kmer index  
 Kmer counting
 Kmer request
  
 3 notions 



The TranSiPedia Concept
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ACTGAACATGCGGACGGGTAGGACT
ACGAATAGGGCTGTACTGTTTT
ATTTAATATGTTTAAGATCAATTGCCTGC
TGCTTGCTCAGTGCTTGCTGC
CGTCAGCAGTATTCCGTCCCG
CCAAAGCCCGTGTCATCATATAG
ACGTGCGTCATAGGTGGCGAATTACGTG
CGTGG
ATAGAGCGCGCGGCCCCCCGATAG
CGAAACGCGGTTCCGGCGGCGACT

Known 
transcripts

CGTCAGCAGGC
C

TATTCCGTCCCG
CCAAAGCCCGT

G
GTCATCATATAG
ATAGAGCGCGC

G
GCCCCCCGATA

G
CGAAACGCGGT

T
CCGGCGGCGAC

T
CTGTGCAGCCT

G
CGTTTTCGGCT

G

K-mer 
Signature 

Encyclopedi
a

T1

T2

T3

...

T1
T2
T3
T4
T5
T6
T7
T8
T9

Query 
engine

ACATCGCTCATT
CGGGAGAGAAAT
ACTGAACATGCG
ACGGGTAGGACT
AGAATAGGGTAA
CTGTACTGTTTT
ATAATATGTTTA
AGAATTGCCTGC
TGCTTGCTCAGT
GACGCTTGCTGC
CGTCAGCAGGCC
TATTCCGTCCCG
CCAAAGCCCGTG
GTCATCATATAG
ACGTGCGTCATA
GGCCGTGCGTGG
ATAGAGCGCGCG
GCCCCCCGATAG
CGAAACGCGGTT
CCGGCGGCGACT
CTGTGCAGCCTG
CGTTTTCGGCTG
GAGAGGCGCCGT
CCCAATGCTGCG
GTTTTTGATGAG
TGATGCGGTGGT

Countsk-mer 
hash

Read index

(1000’s of RNA-seq libraries)
(Marchet C &  Chikhi R, 2020)

 Discovery of novel transcripts in very large databases
 New disease biomarkers & other medical applications
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Results

1- Transipedia web site (demo) for request

2- A software for specific kmers design (Kmerator, NARgab)

3- Development of tools for mutations and chimeric RNA (kmers 
design for mutations and fusion RNA (signatures))

4-Encyclopedia of kmers (prototype BD for transcriptome reference)

5-Reindeer index (see ref)

6-Request Applications

 



Transipedia website

 https://transipedia.montp.inserm.fr/





In a few 
seconds









A prototype with CCLE dataset

https://www.youtube.com/watch?v=CbTaM5zX09U





Tp Bioinfo - KmerExploR

 Objectif: analyse qualité des données RNaseq, approches par k-mers, 
 recherche d'information biologiques dans les base de données,
  création d'un nouveau module de kmerExploR
  
 Lundi 9 Octobre : CM1 et TD1 (présentation des objectifs et des outils,
  base de données, questions biologiques, recherche des séquences d'intérêt......) _
 TCommes
 intérêt des Kmers/Transipedia / (demo)
 sujet sur la question bio  

 Lundi 16 Octobre: TD2/TP1 (Présentation des outils kmerator et KmerExplor, le code , 
comment ça fonctionne) _

 BGuibert , vérification des  séquences choisies, accès aux jeux de données RNAseq 
tests 

 Lundi 6 Novembre: TP2 Présentation des résultats, questions .... _BGuibert, TCommes
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Comparison “sans a priori” of RNA-Seq data
for new differential  transcriptional events 

35

FASTQFASTQFASTQ
FASTQFASTQFASTQ

Condition A Condition B
X alignment

X reconstruction
X reference

?



Kmer pipeline

 De-Kupl
 Imoka
 Kmarat
 Gecko..
  



DE-kupl : find functional K-mers 
through Differential Expression

Audoux et al. Genome Biol, 2017
M2-BCD



DE-kupl procedure (New transcript events) 

Filter annotated  and 
non–recurrent 

k-mers

Filter non-DE 
 k-mers

38

N   RNA-Seq 
samples

k-mers counts 
(Jellyfish, DSK..), 

normalisation

Extract differential  k-mers 
(DE)

Assembling DE k-mers in 
contings  

Alignment &  annotations of 
DE  contigs



Dataset=Epithelial-Mesenchymal 
Transition experiment 

◦ 12 RNA-Seq  cell line EMT  model 
◦Performances : 10 h, (4 cores, 

16Gb RAM, 60Gb hard disk).

Raw k-
mers

Raw k-mers
(recurency 

filters) no-GENCODE
k-mers

DE k-mers

DE contigs

707 067 
278

92 525 
450

40 398 
848

3 642 688 128 275

39



Localisation 
des contigs DE

99.2% des 128k contigs DE alignés sur le génome humain à 1 633 loci 
différents

40



Towards hypothesis-free 
theranostics*

Non responders

Responders

RNA-seq

K-mer 
matrix

Predictive 
k-mers

Patients under 
treatment

DNA chip

*diagnostic that distinguishes patient or disease type and allows selection of therapy 



KAMRAT /IMOKA 



https://github.com/i2bc/PCa-gene-based_vs_gene-free/tree/master/
KaMRaT
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