
To map or not to map?

Formation RNA-Seq – Bilille

Mikaël Salson
mikael.salson@univ-lille.fr



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes



RNA-Seq read mapping

= =6=

intron

6=

6=

Reference genome

Origin Origin

mutation
error

Fusion

Genes
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Split reads don’t align contiguously to the genome

Reads

DNA-Seq mappers

Unsplit reads

mapped

Split reads

unmapped

Trying hard
to map them



Mapping split reads by. . . spli�ing them – TopHat2

© Tophat2: Kim et al, 2013

http://genomebiology.com/2013/14/4/R36/abstract


Mapping all reads by spli�ing them – HISAT2, STAR

© HISAT: Kim, Langmead, Salzberg, Nat. Methods, 2015

http://www.nature.com/nmeth/journal/v12/n4/abs/nmeth.3317.html


Mapping all reads by spli�ing them – HISAT2, STAR

© STAR: Dobin et al, Bioinformatics, 2013

http://bioinformatics.oxfordjournals.org.docproxy.univ-lille1.fr/content/29/1/15


Specificities of the approaches

TopHat2 Exact contiguous fixed-lengh

HISAT Maximal mappable su�ix

STAR Maximal mappable prefix

Mapping methods

TopHat2 FM-index

HISAT Multiple FM-indices

STAR Su�ix Array

Indexing methods
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Indexing methods
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k-mer sets - Burrows Wheeler transform?1

1Adapted from Ben Langmead’s course
Structures de données pour les grands ensembles de k-mer Marchet C 7 / 39



k-mer sets - Right contexts of w’s

Structures de données pour les grands ensembles de k-mer Marchet C 8 / 39



k-mer sets - Right contexts of o’s

Structures de données pour les grands ensembles de k-mer Marchet C 9 / 39



© Jérôme Audoux

What approach is the best? (slide courtesy of J. Audoux)



Benchmarking RNA-Seq aligners
Audoux et al, BMC Bioinformatics, 2017

By Jérôme Audoux

http://dx.doi.org/10.1186/s12859-017-1831-5


Benchmarking RNA-Seq aligners
Audoux et al, BMC Bioinformatics, 2017

By Jérôme Audoux

http://dx.doi.org/10.1186/s12859-017-1831-5


Sensitivity/accuracy of read mappers

By Jérôme Audoux

160M 150bp reads from GRCh38



STAR o�ers the best trade-o� for splice detection

Splicing

By Jérôme Audoux

160M 150bp reads from GRCh38



By Jérôme Audoux

Space/time for read mappers



Many people uses TopHat2
(> 10,623 citations in Scholar, > 1, 000 citations in 2021 only)
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Many people uses TopHat2
(> 10,623 citations in Scholar, > 1, 000 citations in 2021 only)

but don’t

TopHat2 « is now largely superseded by HISAT2 which provides the
same core functionality (i.e. spliced alignment of RNA-Seq reads), in a
more accurate and much more e�icient way » .

On TopHat2 website (since Feb 2016)

http://ccb.jhu.edu/software/tophat/index.shtml


Do you really need to map reads?

Does it ma�er to have a base pair precision
location for hundreds of millions of reads?



Alignment-free RNA-seq quantification

�antifying transcripts may not require alignment

Salmon
Patro et al, Nat. Methods, 2017

Kallisto
Bray et al, Nat. Biotechnology, 2016

http://www.nature.com/nmeth/journal/v14/n4/full/nmeth.4197.html
http://www.nature.com/nbt/journal/v34/n5/abs/nbt.3519.html


Alignment-free RNA-seq quantification

�antifying transcripts may not require alignment

Salmon
Patro et al, Nat. Methods, 2017

Kallisto
Bray et al, Nat. Biotechnology, 2016

Two orders of magnitude faster than TopHat+Cu�links

http://www.nature.com/nmeth/journal/v14/n4/full/nmeth.4197.html
http://www.nature.com/nbt/journal/v34/n5/abs/nbt.3519.html


How to quantify without aligning?

© Rob Patro (Salmon)

http://robpatro.com/redesign/AlignmentAndMapping.pdf


How to quantify without aligning?

© Rob Patro (Salmon)

http://robpatro.com/redesign/AlignmentAndMapping.pdf


Ultra fast methods with good results. . .



Ultra fast methods with good results. . .

« With the exception of the underperforming Flux Capacitor and eXpress, we
found that the other algorithms performed similarly. »

Teng et al, Genome Biology, 2016

http://genomebiology.biomedcentral.com/articles/10.1186/s13059-016-0940-1


Ultra fast methods with good results. . .

« With the exception of the underperforming Flux Capacitor and eXpress, we
found that the other algorithms performed similarly. »

Teng et al, Genome Biology, 2016

Germain et al, Nucleic Acid Research, 2016

http://genomebiology.biomedcentral.com/articles/10.1186/s13059-016-0940-1
https://academic.oup.com/nar/article/44/11/5054/2468333/RNAontheBENCH-computational-and-empirical


Ultra fast methods with good results. . .

« With the exception of the underperforming Flux Capacitor and eXpress, we
found that the other algorithms performed similarly. »

Teng et al, Genome Biology, 2016

« It is particularly noteworthy that Salmon, which (like Sailfish and Kallisto)
bypasses traditional alignment and thereby quantifies a single sample in a
ma�er of minutes, had a comparable performance to Cu�links and RSEM.
Importantly, we confirmed these results using a variety of assays on both
empirical and simulated data. »

Germain et al, Nucleic Acid Research, 2016

http://genomebiology.biomedcentral.com/articles/10.1186/s13059-016-0940-1
https://academic.oup.com/nar/article/44/11/5054/2468333/RNAontheBENCH-computational-and-empirical


Good performances may not hold true for all the data

CC BY Wu et al, 2018

https://doi.org/10.1186/s12864-018-4869-5


Good performances may not hold true for all the data

CC BY Wu et al, 2018

« We have found that alignment-based tools were more accurate in quanti-
fying lowly-expressed or small genes. »

Wu et al, BMC Genomics, 2018

https://doi.org/10.1186/s12864-018-4869-5
https://doi.org/10.1186/s12864-018-4869-5


Where the di�erences come from?

1. Alignement vs pseudo-alignment

2. Genome reference vs transcriptome reference
see Srivastava et al, 2020

3. �antification method

https://doi.org/10.1186/s13059-020-02151-8
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How to quantify multi-mapped reads?

When a read maps at multiple loci,
what transcript/gene should be counted?

See Deschamps-Francoeur et al, 2020 (thanks Pierre!)

I None
(eg. HTSeq-count, STAR genecount, featureCounts)

I Split counts evenly
(eg. Cu�links, featureCounts (with an option))

I Rescue based on single mapping reads
(eg. Cu�links (with an option))

I Expectation maximization
(eg. RSEM, Salmon, Kallisto)

https://www.sciencedirect.com/science/article/pii/S2001037020303032
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Up-to-date RNA-Seq analyses

High number of citations 6= Best so�ware
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Up-to-date RNA-Seq analyses

High number of citations 6= Best so�ware

Alignment isn’t an end in itself

Alignment-free methods may be suitable for you


