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Challenges: how to value the mass of genomic data?

Increasingly high volume & diversity of genomic data produced

aphids, parasitoid wasps, lepidoptera, Brassicaceae... Earth BioGenome Project Aims to

Sequence DNA From All Complex Life

Need robust information systems that can efficiently 48
integrate, analyze, and visualize genomic data extracted
from multiple heterogeneous sources, and make them
accessible through genome portals.
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Challenges: deploy thematic genome portals
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Brassicaceae Bioinformatics Platform

Ifremer Genomes Catalog
Find here genomes and omics data for marine organisms studied at Ifremer.
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Challenges: deploy visualisation, anal

Acyrthosiphon pisum

Available organisms

Acyrthosiphon pisum (Pea aphid)

Acyrthosiphon pisum JIC1 (Pea aphid JIC1)
JiCt strain

Search

Available datasets
Acyrthosiphon pisum (Pea aphid)

Genome assembly: Acyrthosiphon pisum genome v3.0

21920 sequences, performed on 2019-05-20

Structural annotation: Acyrthosiphon pisum 0GS3.0

Overview

Alignments

Analyses

Other organisms are available on the BIPAA website. Properties

Relationships

Gene Family |

Sequences

Phylogram

Phylogram

Analyse 060000016:

axa and Legend

[ Reset Phylogram Chart

Sequences

The following sequences are avallable for this feature:
* mRNAsequence

= mRNA-spliced transcript sequence

= protein sequence

= MRNA from alignment at ScGOVIb_16:328709..330924+

= codingsequen

MRNA sequence

>Guerni10555.£1

0=Guerni10555. t1 | Name=Gverni10555. t1| organism=Gracilaria

vermiculophylla HaptaleFt_2017 male| type=nlid|length=5371
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DB storage
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gene pages
orthology

search

om alignment at ScGOVIb_16:328709..330924+

sis and annotation tools

XP_016661297.1 (polypeptide) Acyrthosiphon pisum

viewing a polypeptide, more information available on the corresponding mRNA

InterPro

Analysis Name: InterProscan: NCBIv2.1

Date Performed: 2018.11.06
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Challenges: towards automated deployment
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https://github.com/galaxy-genome-annotation/
https://github.com/ifremer-bioinformatics/omics-catalog
https://gitlab.sb-roscoff.fr/abims/e-infra/gga_load_data
https://github.com/abims-sbr/ansible-sequenceserver

BEAURIS: How does it work?

Web interfaces

< BIPAA

Biolnformatics Platform for Agroecosystem Arthropods

data

fasta, gff, bam, tsv

Automated, modular and
FAIR deployment ? 8

Biological W Tedious & slow to do by hand




BEAURIS: How does it work?

-

Biological
data

fasta, gff, bam, tsv

_ @aitLab |

Merge request

User input

yaml file

e \
BEAURIS Deploy interfaces
Slurm/Galaxy/Local
Lock data
Derive data: extract and index sequences, functional Docker
annotation, generate content for web interfaces
Validate and setup
J
Cl/CD

Web interfaces

Biolnformatics Platform for Agroecosystem Arthropods

BIPAA  AphidBase  ParWaspDB LepidoDB  Coleoptera  Crustacea  Ticks  BIPAAaccount

Ixodes ricinus

External references

= NCBI Taxonomy

Available datasets

v Wasemby Lo ©

> W Annotation 06510 @

> W Amnotation 06511 @

Apollo




BEAURIS: Input files

Users submit yaml files
describing their datasets
through a merge request

Add Hyposoter didymator

%o Merged ROBIN Stephanie requested to merge slittoralis [? into master 5months ago

genus:
species:
common_name :
restricted_to:
xrefs:
ncbi_taxonomy:
wikipedia:
picture:
author: Picture
source_url:
assemblies:
- version:
file:
path:
type:
date:
source:
description:

annotations:
- version:
file:
path:
type:
date:
source:
description:

tracks:

- name:
type:
file:

path:
type:

10



BEAURIS: Input file (yml)

“Base” metadata

Genus

Species
Common name
More...

Required “Data” values

e Assemblies
e Annotations

Optional “Data” values

Proteomes
Transcriptomes
Jbrowse tracks

“Customisation” values

e Job parameters
e \Web services
e Access restriction

The input file follows a modular & evolving validation schema

() Failed | Job lint-yml triggered 2 weeks ago by b BRETAUDEAU Anthony

11



BEAURIS: Staging & Production

Two distinct working environments

e Staging environment: when opening a Merge Request
o Web interfaces are admin-restricted (for validation)
o Apollo staging instance
e Production environment: after merging the MR
o Datasets are “locked” for safekeeping
o Interfaces are accessible (public / restricted access)
o Apollo production instance

The production pipeline will reuse the staging pipeline results: no waste of resources!

Easy sanity check for data quality

12



Status Pipeline Triggerer Stages

A I ; = need diamond to run blast2go
. (@) runnin =
- #496164 33 4 - bcld3bfo L) ©IOI0I0]

latest  merge request

X In progress

check-env ~ setup workdir ~ fasta-validate —~ gffread

func_annot data_lock ) deploy_staging S
check ~, check =~ check *~, @ derive_data ) @ deploy

derive_data manage_data

Q

jbrowse

Q

gff -validate —~
L

@ e © terve dte
@ /
Quick checks / Derive data

Input data check

Q

Q

Lock data

Interface
deployment

13



BEAURIS: Data validation & setup
First step: Checking input data

Yaml file structure check
Setting up job environment
Fasta & Tracks validation

GFF

validation & cleanup

24 Foddek (7 H 2
Sl @project_32560_bot1 - 1 hour ago Reporter @ @ 2

“%"  The following GFF file(s) have been automatically checked, here's the report:

e 2* small data/assembly 1.0/annotation 0GS1.0 was automatically modified:
original file: /groups/dogogepp/gogepp3000 sample/small data/annotation/annot.gff3
modified file: /groups/dogogepp/gogepp3000 work/4-small data/assembly 1.0/annotation 0GS1.0/fixed.gff

If you merge this MR now, the modified file(s) will be published. If you don't want that, modify the original file manually, or adapt the
automatic correction script.

©

check-env ~ @ setup workdir ~ fasta-validate ~ tracks-validate
check et check g check e check

lint-yml ~ lock dry run ~ gff-validate ~

check &~ lock_data &4 check &

Q

14



BEAURIS: Deriving data

Second step: Functional annotation & generating content for web interfaces

e Currently using internal workflows, but new ones can be easily added
e \Web interface content is generated on a Galaxy server, and Uls are deployed
at a later step

Slurm & local computations Galaxy
fatotwobit ~ bam_to_wig ~ genoboo ~
derive_data ot derive_data ot derive_data =
gffread ~ blastdb ~ jbrowse ~
derive_data " derive_data s derive_data et
index_bai ~ func_annot I
derive_data =7 derive_data s




BEAURIS: Functional annotation with the ORSON module

ORSON: workflow for prOteome and tRanScriptome functiOnal aNnotation.

ORSON version SR200M nextflow [S2000050 run with singularity | De\

SeBiMER

Bioinformatique marine
nucleic or protein
sequences

e Runs state-of-the-art annotation tools:
o eggNOG-mapper

Orthogroup

nexcflow T - i -

o InterProScan p o o
. —
o  Diamond C
. N
e Uses NextFlow workflow management system with: 8 @ X
. . . A c
o  singularity containers (reproducibility) Query annotation Functional )
e SURGT annotation
o jobs submitted on a SLURM HPC :
Lmandatary process
optional process
% XML merging XML merging
s eRscenLmere 5y
drmaa:
func_annot_orson: gfz
# SCRATCH_WORK_DIR is supposed to be a scratch storage area for nextflow that can be d
env . > Hit annotation D T i ® merged XML file of query tation
& ® merged XML file of functional annotation
source /etc/profile.d/modules.sh; module load nextflow/22.10.0 graphviz/2.40.1; 2 results .ZMﬂwoMWMMGMn
export ORSON_PATH=/path/to/orson/;
export BLAST_DB_PATH=/path/to/uniref9@/diamond/uniref90_2022_03/uniref90.dmnd; Sf?
export CLUSTER_CONFIG_PATH=/path/to/cluster.config; e
export SCRATCH_WORK_DIR=/path/to/scratch/workdir



https://gitlab.ifremer.fr/bioinfo/workflows/orson

BEAURIS: Data locking

Third step: raw / generated datasets are labelled & stored for safekeeping & reuse

Metadata:

Genus

Species

Strain

Assembly version
Annotation version
Tool version

File md5

data_locker:

method: dir

options:
target_dir: "$WORK_DIR/locked/"
base_pattern: "{genus}/{species}/{strain}/"
pattern_input: "{type}/{version}/{filename}"
pattern_derived: "{task_id}/{tool_version}-{date}-{revision}/{filename}"
locked_yml_dir: "$CI_PROJECT_DIR/locked/"
locked_yml_dir_future: "$CI_PROJECT_DIR/future_locked/"

ff
%—— 0GS2.0

0GS1.0_20230329.gff3
0GS1.0_20230329.gff3.metadata

%iiread
0.12.7-unknown-0

carcania_assl.0_annot0GS2.0_cds.fa
carcania_assl.0_annot0GS2.0_cds.fa.metadata
carcania_assl.0_annot0GS2.0_proteins.fa
carcania_assl.0_annot0GS2.0_proteins.fa.metadata
carcania_assl.0 annot0GS2.0 transcripts.fa
carcania_assl.0 annot0GS2.0 transcripts.fa.metadata

17



BEAURIS: Interfaces

Fourth step: Interfaces deployment

Several interfaces are available, accessible through a customizable landing page

Ixodes hexagonus External references

Functional annotation, expression data,
orthology

\

Download raw data in standard formats

= NCBI Taxonomy

= Wikipedia

Length=113441119

Scoxe = 50.3 bits (54), Expect =

Identities = 45/53 (85%), Gaps = 4
Strand=Plus/Plus

Query 1066 €CCCCCaccteeceeeec

FUELEE PEEELEL
Sbjct 68699631 CCCCCCACCCCCLCCCCC

Sequence similarity search with Blast

Available datasets

v MAssembly1.0 @

> B Annotation 0GS1.0 @

<~ —
7 e | Ny \
R EaEEE L T ﬂnyuuc(u(u (umu((um(!unmc
L AL hha e s
JBrowse genome browser Manual curation of annotation with
Apollo

18



BEAURIS: Interfaces (modular & optional)
Available interfaces (for now)
o Apollo (Existing server) e Jbrowse

b AR Acyrthosiphon pisum (Acyrthosipt v CenomelRgliack M View Lic|D TR oot
200,000 ! 1,000,000 1,200.000
|3 Reference sequence < .
Show All Show Visible Only
0O ID
Annotation Name All Types v e
Curated genes
e Blast sequence search e Data download
L
— T 5 Index of /download/ixodes hexagonus/
SEARCH TYPE [Somewhat similar sequences (blastn) V}
A
blast2go_annot/ 16-Jun-2023 08:53
P Query sequence blast2go_gaf/ 16-Jun-2023 08:53
blast2go pdf/ 16-Jun-2023 08:53
cds_fa/ 16-Jun-2023 08:53
PASTE YOUR SEQUENCE diamond/ 16-Jun-2023 08:53
eggnog/ 16-Jun-2023 ©8:53

©




BEAURIS: Interfaces (Genenotebook)

Coding Sequence

. 3 Nudieotide Protein

GCTCTTCTT T TGTGACTGGOGATGGTTGACGACAGCCTTGGT T TTCCTGCTGTCATATG
T CGGAAATACGETGACCCAATCACACTGTGEA TGEECGACANGCC
TEEANGACACTOAGBAAGTAGCOCTGACTGO '

GTGGTGCGCTTTTATCACAANGTGTGBANA TACCCGAAAGECCCT TTCCCTCTGCCCGTCGTGRGAMT CTCTTAGCT CTCCORAMAACCANCGAGCT TTACAMGET

ACGACTTCGCTGETCGTTTCCCCACT) GEETGAMCTTCAGAGAAAMGEAALCANCAN
ACGCCGTCMGTGACT CCTTRGAGACCCTCTGCTGCGAGETGATGGATGTCTACGTGRAT TCGT TGAMGAL
TCCGTCTTCEGAGCAANGT TTGAAAGAACAGT COAGAN T COCTASGA TGCAMGCAR T TAACAAGECCTTCTT T CECACCTANTEGACT TCCANGCGACAT TGTGCCCTGETTEGECCTEE
fcafar” GTTAGONGCGAGAGANGAAGCEATTGAGCANGAAMALA

T CAACACGCAA

GTTCATC

ACTATAACCCAATT AT AN T TG GEACT CACGGECACCET TCATETACATGT TCTACAACATCGTCRECATG
TTACCET T GAGAAGALGATAGAGC

CTCTTCGATGAGTT

GACGCGOAGCACCT GACTGAMGCONACATGGTCOAGET CATAT TGGACATATT TGGAGCCGCTACGEA

AGTGECTATGTCTGACTATGACGAGGANGCT ey ATGAAGEA T GG AN GG GG COAGGA T G AN G A GEGAAA G TG T ACACAGT GECATGCAT CT TGGAA TCOCTGCETATGTACCCAATCECTCOACT TGETATCCCGCATAACACETCG
O A A GaAAGT O AT T AT T ARG A OGO T T T A AN AT T A GO CA T AR O GO CAGC T T GaGAAGAC LT GATGT CT T CAGACCGGAGCET T TCCT GAACCCTGTAACGGGAALGETGANCCAGEAGCTACTGCCG
Protein domains
IneT00002P4
0 &7 74 2 E a3
P30 Cytochrome 2450

77002401

lsss P45 group T signsture

Unintegrsted signsture

Orthogroup

No orthogroup found

EggNOG annotations

General informations

Seed ©, evalue ©, score © Seed:7739.XP_002601863.1 evalue: 673,82 score: 268.0

EggNOG Orthologous Groups

Orthologous Groups © root: COG2124

Eukaryota: KOG0156




BEAURIS: Technical stuff (what do you need?)

e Gitlab Runner, able to:

o Access a computing cluster (Slurm) / Have local computing resources
o Read access your data, and write access for the jobs and locks
o Access an hosting node for web interfaces (if needed) via Ansible

e Galaxy account (/f using Jbrowse, Apollo or GeneNoteBook)
e Apollo instance(s) (/f using Apollo)
e Docker Swarm cluster & Traefik (If deploying any interface)

bam_to_wig ~ genoboo apollo_staging ~
derive_data R~ derive_data deploy R
blastdb ~ jbrowse dockers_staging ~
derive_data e derive_data deploy ~
func_annot o~
derive_data ~

Slurm Galaxy Apollo / Swarm
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Conclusion CEST BEAUGRIS) ET C'EST FATR |

Benefits:

Complete automation: saves time and improves reliability
Structured data catalog to capitalize on
Completely modular, adaptable and deployable wherever you want
Reproducible analyses & web portal deployment
Open code (contributions encouraged!):

o https://gitlab.com/beaurls/beauris

o https://beauris.readthedocs.io ﬁab]e Accessible
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https://beauris.readthedocs.io

Perspectives

Improve portability of the solution

Support a wide-range of data types (e.g. genomic variants, orthology, synteny, phenotypic data)
Support more web interfaces (e.g. JBrowse2, AskOmics, synteny viewer)

Use data standards: Schema.org, RO-Crate, ...

Data submission to public data repositories (ENA, recherche.data.gouv.fr, ...)

Automatic integration of genomes from public banks
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ATLASea

Atlas of marine genomes: from massive data to innovation

5000 GENOMES

PC3 - BYTE-SEA: numerical infrastructure

Coordinated by the Institut Francais de Bioinformatique, this project will improve and store the computerized
annotation of the DNA in order to locate genes, retrace their evolutionary history and assign functions to them.
The genomes will then be stored in open databases accessible to the international community.
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