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ATLASea program

* An 8-year program with €41 million in funding under the France 2030 framework

e Directed by the CNRS and the CEA

* To sample and sequence 4500 species in the French EEZ

* To bank taxonomically identified frozen samples in a dedicated ATLASea collection

* To provide data freely in a dedicated portal with comparative genomics tools
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* To train students and researchers in taxonomy, computational genomics through a
PhD programme, Master bursaries and summer

* To establish and fund consortia to exploit data in scientific pilot projects
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DIVE-Sea sampling expedition in Roscoff — April 2026
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ATLASea: Where are we today?

sample curated
acquired Progression of samples from assembly
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ATLASea: Where are we today?
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ATLASea: Where are we today?

ATLASea is currently the EBP project that has generated the largest number of marine genomes
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The importance of obtaining chromosome-scale assemblies

Chromosomal-scale and
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Nature Ecology & Evolution 9, 1263-1279 (2025) ‘ Cite this article




The importance of obtaining chromosome-scale assemblies

Chromosomal-scale and
validated assemblies
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Structural annotation in eukaryotic genomes

» Subdivided into exon and intron (spliced out during post-
transcriptional processing)

* Transposable elements, non-coding RNAs, pseudogenes

Regulatory sequence

Regulatory sequence
Enhancer Enhancer
/silencer Promoter 5'UTR Open reading frame 3'UTR /silencer
| I I ]
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=> Gene prediction of eukaryotic genomes requires dedicated workflows

|
similarity ‘

/

N\,
s
/

- N
s
/

ANNNNANANNANANAN mRNA -
mapping
Protein
- /‘/L [\h\
Genome O \1 - *
/

Gene annotation

\
\
\
s \
\
// \
/

Coding
X potential
N \!
7 N
o~ N
// \\
/ G \ )
/ S Y \
/ e N \
N \
:
N \
| AR
- N
p// Ny
Prediction of splice sites
o TAA-_ = R e =
Donor site motif

Acceptor site motif

Guig6 R. Genome annotation: From human genetics to biodiversity
genomics. Cell Genomics, 2023



Eukaryotic gene prediction is challenging

The "average" eukaryotic gene does not exist

Every characteristic of a gene can vary by several orders of magnitude

Gene length 100 bp - >2 Mb

Number of exons 1 ->>300

Exon length <10 bp - several kb
Intron length <30 bp > >1Mb

Isoforms 1 - dozens

UTR length 0 - several kb

Expression very low - extremely high

No single prediction model can accurately describe all eukaryotic genes



Genoscope workflow for eukaryotic gene prediction

Putative exons and introns

Genome

Repeat
masking

* We developed a workflow to predict Gmove
coding genes in eukaryotic genomes Extract paths from the graph
Predicted ORF finding based on proteins abinitio
transcripts predictions
* Data integration is performed using in-
house tool, named gmove ] ——+—[1
« Gmove is calibration-free and can be 3 = C 1+—1 1

applied to different organisms Select candidate

transcript

http://www.genoscope.cns.fr/gmove
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Genoscope workflow for eukaryotic gene prediction

Selection of public proteins from closely related
species

Conserved protein alignments
(BLAT + Genewise)

@

Genome nI;g:Ei:.t Ab initio gene prediction
Assemblies (red) & (Helixer, Braker3)

Expressed genes
(Stringtie)

=

ATLASea

RNA-Seq Selection of public RNA-Seq datasets

Gene
Prediction
(gmove)

Quality
Assessment
(Annoaudit)

Computing

TGCC
127,360 CPUs, 995 nodes
9,600 GPUs, 75 nodes



Selection of protein evidences to identify conserved genes

=NCBI

"
= RefSe
Mashed genomes - 9
Select the closest Download selected
Genome . _
=»  annotated genomes = proteins >
Assembly .
based on Mash distance (max 5)
Remove
Joz el = Alignments
sequences
(segkit)
Traverse up the T L
Taxon ID taxonomy untll.at least N Downl.oad N TENENEs) Rasies o Subsampled
100,000 proteins are proteins (max 300k)
(Psauron score < 85%)
collected
UniProtKB \

Ref. Proteomes



Selected protein sequences for gene prediction

. refprot . refseq.psauron.csv:psauron . unikb
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wplLaeHyst1.1
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wpEutOcul1.1
tnTubPoly1.2
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odAxiPoly1.1
odAplCave1.1
keGlaTala1.1
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1
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Number of downloaded RefSeq proteins
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Some phylogenetic groups have few RefSeq annotations
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Alignment of selected proteins

Genome Proteins

l l

Split data

l

Fast localisation of transcripts on
genome by alignment (blat/blast)

lFiIter 1

Refine alignment to define precisely
introns boundaries (genewise)

lFiIter 2

Candidate gene
models (partial or
complete)



Alignment of selected proteins o [ :
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Oak genome reveals facets of long lifespan
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https://doi.org/10.1186/513059-023-02960-7
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Alignment of selected proteins: the case of tandemly duplicated genes

Gene A Gene B

EEE EE EEE EE

_— « Merged » mapping —

Split genomic regions at long introns (>10 kb)
* Realign proteins to both resulting subregions
e Retain split alignments only when they outperform a single alignment

Conserved protein alignment

Conserved protein alignment Conserved protein alignment



Alignment of selected proteins

Figure S10. Two P. /obata genomic regions that illustrate proteins (A, green tracks) and
transcripts (B, orange tracks) alignments before (middle track) or after (down track) the

Genome Proteins £ A . " "
adaptation of gene prediction workflow for tandemly duplicated genes (“TDG patch”).
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RNAseq data to detect expressed genes

TaxonID —»

—=NCBI
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RNAseq data to detect expressed genes

Number of downloaded RNA reads
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Gmove — Gene Modeling using Various Evidence

http://www.genoscope.cns.fr/gmove

Putative exons and introns

Extract paths from the graph o .
OREF finding based on proteins Protel_n C.Odmg gene models
(=2 criteria required)

Predicted
transcripts

Gmove

e CDS =300 nt
e Coding ratio 2 20%
 >1 Pfam domain
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-
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Select candidate
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Quality assessment of gene predictions

A General Tendency for Conservation of Protein
- Length Across Eukaryotic Kingdoms @

Genome Annotation Report N Biodiversity
Annoaudit workflow P
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https://github.com/ERGA-consortium/AnnoAudit

Quality assessment of gene predictions

Subject Protein Length (log scale)
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Protein Lengths Scatterplot

Normal proteins
Length outliers (ratio > 1.5x) R4 = 0.97
Equal length
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Query Protein Length (log scale)

Protein Density

Estimate proportion of
potential split and fused genes

Reference annotation if:

* Psauron =>0.90

« A BUSCO (complete) 2 -10
* Split + fusion £ 30%

Otherwise: draft annotation



ATLASea: Where are we today?

Number of annotated genomes : 50
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ATLASea: Where are we today?

(@]
I>
>
=1
LYoy

o

oPop®
(@]
C

3533

T

ZhAe
eos

=)

S,

X
51D
>

Qogxé
D
Otﬂggﬂfb
<33
2ZMDUWND

(@]
c o
AS2
Oc
<=

o]

XEosd
y =)
)
T
3230

-3(D
—m0303
= Q
mm::c%:

c

S<sccO
sosa0=5
<Lesae
OURVY 23R

s XX EEE

_Cﬂmm mg
2055035053

o=ochoY

Difference between genome and annotation complete busco scores

[
N
o

I
=
o
o

10

Echinodermata
Chordata
Platyhelminthes
Cnidaria
Hemichordata
Porifera

20

Score(annotation) - Score(genome) (%)

Nemertea
Chlorophyta
Rhodophyta
Annelida
Mollusca

30

Quality of a gene
dataset seems to be
correlated to the
phylum of the
annotated species




ATLASea: Where are we today?
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Take home message

« Over 2,500 samples received at Genoscope
« Over 1,000 species sequenced using short reads technology
« 300 genome assemblies submitted to public repositories

« Annotation workflow has been validated on the first 50 genome assemblies

Next steps:

« Annotate genomes as soon as both the genome assembly and RNA-Seq data are available

 Release annotated genomes through the ATLASea data portal

* Implement large-scale reannotation workflows to leverage the growing collection of ATLASea
genomes

29
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S. Engelen

A. Ndar

B. Istace

L. Demirdjian

DIVE-Sea:

B. Bed’Hom
L. Le Gall

T. Perez

S. Bertrand

B. Ernande

L. Guidi

A. Couloux
B. Noel

S. Duprat
Y. Dussert
P. Doan

P. Mielle
K. Ziane

Administration (CNRS):
C. Ferras
S. Djian

M. Travers-Trollet
G. lllien

F. Clément

F. Bellugeon

B. Girard

S. Chagnoux

I. Probert

BYTE-Sea:

E. Corre

P. Durand

A. Breteaudeau
A. Louis

L. Guegen

PROGRAMME

FRANCE
2'3% DE RECHERCHE
\\_/

GENCMES MARINS

S. Capelle
N. Plantey
C. Bousquet

K. Boujbara
J-L Jung

P. Gourvil
C. Bachy

R. Garnier
D. Vaulot

A. Cormier

0. Sallou

G. Le Corguille
0. Collin

L. Leroi

P. Aufret
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