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The good old "Central dogma of molecular biology"

PhenotypeTranscriptomeGenome

Quantification of genes/transcripts using
- RNA-seq libraries
- a "reference annotation"

Reference annotations are critical
- Ensembl
- RefSeq (NCBI)
- UCSC 



  

Comparing annotation sources

We developped DRAGIBUS, a set of metrics to evaluate the quality of a gtf/gff file

- Syntax / consistency check
- Number of genes/transcripts/exons
- Proportion of monoexonic transcripts
- Splice sites canonicity
- Occurences of polyA signals in 3’ UTRs



  

Comparing annotation sources

Number of genes/transcripts

NCBI RefSeq ENSEMBL UCSC 
known genes

UCSC 
reference genes

galGal6
(chicken)

24K genes
62K transcripts

24K genes
39K transcripts - 7K genes

7K transcripts

mm10
(mouse)

36K genes
107K transcripts

43K genes
104K transcripts

129K genes
142K transcripts

25K genes
44K transcripts

hg38
(human)

54K genes
191K transcripts

64K genes
208K transcripts

214K genes
248K transcripts

28K genes
78K transcripts



  

Comparing annotation sources

Proportion of monoexonic transcripts

NCBI RefSeq ENSEMBL UCSC 
known genes

UCSC 
reference genes

galGal6
(chicken) 3.3% 7.4% - 15.7%

oviAri3
(sheep) 3.5% 20.8% - 14.3%



  

Comparing annotation sources

Transcripts with polyA signal support

NCBI RefSeq ENSEMBL UCSC 
known genes

UCSC 
reference genes

mm10
(mouse) 52.2% 34.0% 32.4% 69.5%

hg38
(human) 45.4% 28.7% 29.7% 65.6%



  

Comparing annotation versions

Number of genes/transcripts

ce6
(flatworm)

ce11
(flatworm)

bosTau6
(cow)

bosTau9
(cow)

ENSEMBL 28K genes
35K transcripts

47K genes
61K transcripts

25K genes
27K transcripts

28K genes
44K transcripts



  

Comparing species

Proportion of canonical splice sites

hg38
(human)

mm10
(mouse)

bosTau9
(cow)

susScr11
(pig)

susScr3
(pig)

NCBI RefSeq 99.8% 99.8% 99.7% 99.4% 98.4%

ENSEMBL 99.8% 99.3% 99.5% 97.1% 89.5%



  

- Iterations of reference annotations are very labile 
- Reference annotation pipelines are not explicityly documented and reproducible



  

Annotation projects in our group

- FR-AgENCODE project (V2): 4 species, 4 animals, ~10 tissues
- GENE-SWitCH project: 2 species, 4 animals, 3 stages, ~7 tissues

www.gene-switch.euwww.fragencode.org



  

The TAGADA pipeline



  

TAGADA : all the goodness of  

Docker + Singularity
Portable 

Slurm, Kubernetes….
Scalable

DSL2 processes
Modular

nextflow run FAANG/analysis-TAGADA \
-profile test,docker \

 -revision 2.1.3 --output directory

Reproducible 



  

TAGADA : the pipeline



  

Flexible replicate management



  

Merging annotations



  

Merging annotations
Samtools merges 

replicates
StringTie assembles 

transcripts

.BAM

.BAM

.GTF

.GTF

.GTF

Gene “A” Gene “B”

Gene “C” Gene “D”

Transcript D1
Transcript D2

tmerge

Non redundant set of transcript models

2 genes, 4 transcripts

https://github.com/guigolab/tmerge

Additional features :
- expression-based filtering
- consistency-based filtering
- reference annotation inclusion



  

LncRNA annotation



  

TAGADA features vs nf-core
Generic 

metadata Aligner Transcripts 
assembler

Transcripts 
assembly

Transcripts 
coalescer

Novel 
annotation

Non-coding 
transcripts
detection

Quantifier Quantification

nf-core/
rnaseq

NO

STAR
or

HISAT2
or

Salmon

StringTie

Transcripts 
assembly

in each 
replicate 

group

NO

Individual 
annotation 

for each 
replicate 

group

NO

Reference annotation

RSEM
or

Salmon

Individual matrix
for each replicate 
group with TPM
and read counts

Novel annotation

StringTie

Individual matrix
for each replicate 

group with TPM but 
no read counts

FAANG/
analysis-TAGADA

YES STAR StringTie

Transcripts 
assembly

in any group
level

StringTie
or

Tmerge

One 
annotation FEELnc

Reference annotation

StringTie One matrix with TPM 
and read counts

Novel annotation

StringTie One matrix with TPM 
and read counts



  

GENESWItCH TAGADA results

- Gene/transcript quantification
- Novel gene/transcript annotation



  

GENESWItCH data

 84 experiments (7 tissues x 3 developmental stages x 4 animals) per species:
 Polya+ RNAs
 Directional, PE 150 sequencing
 +100-150 million PE reads / experiment

 Reference genomes and gene annotations:
 Chicken:

● Galgal6, ensembl v102
 Pig:

● Sscrofa11.1, ensembl v102



  

Clustering of reference 
genes quantification (pig)



  

Tissue specific genes using the Tau index



  

Functional annotation of tissue specific genes



  

Novel genome annotation

# reference 
genes

# TAGADA 
genes

# reference 
transcripts

# TAGADA 
transcripts

24,356 34,712 39,288 138,272

31,908 51,171 63,041 197,396

X 1.4-1.6 genes x 3.1-3.5 transcripts



  

What are the new transcripts - structure



  

What are the new transcripts – coding status

TAGADA genes are : 
- Known coding genes with novel transcripts
- Novel non coding genes



  

DRAGIBUS evaluation of TAGADA transcripts

Species Gene 
annotation

canonical 
splice sites

TSS with 
ATAC-seq 
support

internal 
exons > 
500bp

TTS with polyA site

Chicken TAGADA 99.5% 73.9% 6.1% 34.7%

Pig
ensv102 98.3% 67.0% 2.4% 43.0%

TAGADA 98.9% 63.6% 8.3% 32.5%

ensv102 97.1% 64.0% 5.1% 42.8%

✓ ✗ ✗✓



  

Bonus feature : Combine long-read annotation and RNA-seq

Species Annotation TSS ATAC-seq 
support

chicken

ensv102 67.0%
Tagada on 
ensv102 73.9%
Tagada on long 
reads 78.6%

pig

ensv102 64.0%
Tagada on 
ensv102 63.6%
Tagada on long 
reads 67.8%



  

Take-Home messages

 TAGADA is fast and easy to use pipeline to annotate and quantify 
transcripts

TAGADA was applied on the GENE-SWItCH RNA-seq data to produce a 
transcriptome profiling and an extended annotation with good properties

TAGADA can integrate RNA-seq reads with an long-read annotation, 
improving the resulting annotation

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

NAR-GAB article

https://github.com/FAANG/analysis-TAGADA
https://doi.org/10.1093/nargab/lqad089


  

Thank you for your attention
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