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The regulatory GENomE of SWine and CHicken:  

functional annotation during development

This project has received funding from the European Union's Horizon 2020
Research and Innovation Programme under the grant agreement n°

817998

Started in July 2019 (4 years)
Extended to: December 2023
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Overall aim

➢ To deliver underpinning knowledge on the pig and chicken genomes

and,

➢ to enable its translation to the pig and poultry sectors.

The underlying questions:

Can we identify and characterize the role of functional genomic elements – and in particular those that are
active/poised/repressed during development - in the determination of the phenotypes of the adult animal?

What’s the relative impact of their genetic variation on main production traits?
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Collaboration with 3 
breeding companies/ 
associations (Aviagen, 
Hypor B.V. and IFIP)

Consortium
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Three specific & interconnected aims

Early Organogenesis Late Organogenesis New born/hatched Adults
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A. Functional annotations across tissues and developmental stages

Integration of genetic data

SNP1 SNP4SNP2 SNP3

E1 E2 P GENE E3 E4

Genomic Selection Diet X epigenetics

Integration of epigenetic data

Epigenetic marks

B. Using functional annotations for precision animal breeding

C. Standardization of data and processes, 
dissemination and outreach

• www.gene-switch.eu

• https://eurofaang.eu/

• https://data.faang.org
/projects/GENE-
SWitCH

WP1, 2 and 3

WP4 and WP5*
(*) WP5 not 
presented

WP6

http://www.gene-switch.eu/
https://eurofaang.eu/
https://data.faang.org/projects/GENE-SWitCH
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Aim A: Functional annotations across tissues and developmental stages

➢ Identify the functional elements of chicken and pig genomes across 
three developmental stages.

➢ Characterize their temporal dynamics (“switches”) and tissue-
specificity, and their patterns of conservation and variation (mammals 
vs. birds).

➢ Deliver high-quality, richly annotated genome annotation maps.

Led by

Co-led by
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Samples

New and improved standardised sampling and analysis protocols 
(https://data.faang.org)

Endoderm Mesoderm Ectoderm

https://data.faang.org/
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Datasets

Raw data on https://data.faang.org and ENA under the terms of the Fort
Lauderdale agreement and Toronto Statement.

https://data.faang.org/
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Analysis pipelines for primary analyses (https://github/FAANG/)

New development/extensions (manuscripts in preparation):

• RNA-seq data TAGADA (Nextflow DSL2), a highly parallelised annotation 
and quantification tool.

• GSM pipeline (bisulfite sequencing data) from extension of nf-core 
methyl-seq pipeline. 

Use/refinement of other nf-core community 
pipelines for:
• sRNA-Seq
• ATAC-Seq
• Iso-seq (also released on

https://github.com/nf-core/isoseq).  
• Capture Hi-C
• ChIP-seq

Sebastien 
Guizard

https://github/FAANG/
https://github.com/nf-core/isoseq
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Primary analyses 

Analyses revealed an excellent clustering of samples by tissue and stages in both species.

• RNA-seq, sRNA-seq and Iso-seq data:

• Several ‘new’ genes and transcripts identified.

• ATAC-seq data

• Confirmed the expected enrichment of open chromatin around promoters and TSS.

• Analysis of WGBS and RRBS:

• Analysis of methylation patterns revealed dynamic changes in the methylome during 
development
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Dynamic changes in methylome during development

Jani de Vos
Martijn Derks
Ole Madsen
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Primary analyses: work in progress 
• Joint analysis of RNA-seq, sRNA-seq and Iso-seq data to characterise pig and chicken 

transcriptome and its dynamics through development (manuscript in preparation by INRAE, 
Inserm and UEDIN).

• Complete the analysis of capture Hi-C data (muscle and liver tissues) to identify interactions 
between regulatory elements (e.g. promoters and enhancers)

• Ready to start the analysis of the 
new ChIP-seq data, with priority 
given to muscle and liver tissues 
(spring 2023).

• Annotation will be updated 
incrementally as analyses are 
completed

Capture Hi-C. Raw interaction matrices after merging replicates 
at 500Kb resolution (chicken) at three developmental stages. 

E8                                                 E15                      NB

Toulouse team
Sylvain Foissac
Sarah Djebali
Cervin Guyomar
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Genome annotation
• The pig reference genome (Sscrofa11.)

&

• The original surrogate chicken (Red Jungle Fowl) + a Broiler and the White Leghorn 
genomes 

have been annotated with gene / transcript models and chromatin accessibility (ATAC-seq) 
with GENE-SWitCH data.
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GENE-SWitCH Ensembl Collection

• GENE-SWitCH data from multiple releases tracked in a dedicated page.

https://projects.ensembl.org/gene-switch/

https://projects.ensembl.org/gene-switch/
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GENE-SWitCH Ensembl Collection

• Highly detailed window into the transcriptomes of these species.

• Additional specific GENE-SWitCH analyses performed by consortia's scientists (e.g. ATAC-seq) 
also made available as loadable tracks to be viewed in their genomic context..
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Genome annotation: work in progress 

• Establish the Ensembl Regulatory Build for pig genome

• Establish the Ensembl Regulatory Build for chicken genome

• Share regulatory annotation maps (pig and chicken) with WP4 (Aim B)
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Integrative data analysis: in progress

• The necessary bioinformatics tools have been tested with public domain mouse data and data 
from cultured chicken and pig cells (existing partner’s data).

Integrative analysis for 
identification of epigenetic states 
in chicken cell line

J. de Vos et al. submitted Jani de Vos
Martijn Derks
Ole Madsen
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Aim A: summary of progress

Improved annotation and bioinformatics tools enabling research and genomics application in 
pigs and chickens

• Bioinformatics pipelines for data analyses developed and released

• Primary analyses completed for all data but ChIP-seq

• First wave of improved annotation of pig and 3 chicken reference genome sequences

A lot of work still ongoing….

• Undertake integrative and comparative analyses once missing data (ChIP-seq) are 
available.

• Organizing manuscripts for publication describing switches in usage of regulatory 
sequences during development.

All of the GENE-SWitCH outputs are available from the GENE-SWitCH FAANG 
Data portal page (https://data.faang.org/projects/GENE-SWitCH) under the 
terms of the Fort Lauderdale agreement and Toronto Statement
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Aim B. Using functional annotation for precision animal breeding

Can functional annotations enhance the 
prediction accuracy of breeding values in 
commercial populations?

Provide a basis for future studies focused on 
better farm management (e.g. using lower-
quality, more sustainable feed)

Two different approaches:

WP4
WP5
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WP4: Improving predictive models for 
genomic selection

Aim: Extend genomic prediction models to exploit new 

annotation maps of pig and chicken generated in GENE-SWitCH.

This is achieved by:

➢ Developing new genomic prediction  models.

➢ Generating fine-mapped QTL and eQTL. 

➢ Validating the models in large scale commercial data.

Led by:

Co-led by:



p. 21PAG 2023 _ FAANG workshop
Elisabetta.giuffra@inrae.fr

Overview WP4

Level 1 validation:
300 pigs with whole 

genome DNA & RNA seq

Bayesian & Machine learning 
genomic prediction models

Functional 
annotation maps

(WP1 & WP2)

Genotypes + 
phenotypes

eQTL
Finemapped

QTL

Level 2 validation:
in commercial 

pig and poultry data 
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WP4: achievements

Level 1 validation:
300 pigs with whole 

genome DNA & RNA seq

Bayesian & Machine learning 
genomic prediction models

Functional 
annotation maps

(WP1 & WP2)

Genotypes + 
phenotypes

eQTL
Finemapped

QTL

Level 2 validation:
in commercial 

pig and poultry data 
Ying, Carlborg, Rubin et 
al. 
in prep. 

Crespo et al.: eQTLs
associations & ASE and 
isoforms in (300) pigs 
and 3 tissues
Submitted
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https://github.com/FAANG/BayesRCO 

WP4: achievements Fanny Mollandin
Andrea Rau
Pascal Croiseau (BovReg)
Helene Gilbert

Two novel extensions of the Bayesian genomic prediction model (BayesRCπ, BayesRC+) to account for overlapping 
functional categorizations obtained from prior knowledge (e.g., GENE-SWitCH functional annotation maps). 
➢Modest gains in prediction for some traits when incorporating annotations.

➢BayesRCπ and BayesRC+ allow for improved prediction and prioritization of multi-annotated markers and can 
provide useful biological insight into the genetic architecture of traits. 
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WP4: achievements

Machine Learning approach (Gradient Boosting Machine - GBM) using the publicly available data on the mouse 
“collaborative cross” (Diversity Outbred Mouse data).  

➢Traits measured closer to the gene-expression sampling date (week 24) had higher proportions of explained 
variance. This points to time-dependency for gene-expression measurements.

➢The models with transcriptomics yielded higher 
proportions of explained variance. 42 35 39 41 41 43
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Bruno C. Perez, Marco Bink
Mario Calus
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WP4: summary of progress

Timely achievements in the development of new genomic prediction  models.

Work in progress

• Valorisation of results of the eQTL study in pigs and the fine QTL mapping in 
chickens

• Incorporating more annotations (from WP1 and WP2) in genomic models.

• Level 1 (300 pigs) versus level 2 (10,000s commercial animals) validation.



p. 26PAG 2023 _ FAANG workshop
Elisabetta.giuffra@inrae.fr

The expected impacts of GENE-SWitCH

➢High-quality reference annotation maps for the 
whole research community.

➢Cutting-edge research results: paving the way to 
further studies and strategies

➢European stakeholders benefits: an increased 
understanding of the value of functional genome 
annotation to face current and future challenges 
to achieve sustainable productions.
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A. Functional annotations across tissues and developmental stages

Integration of genetic data

SNP1 SNP4SNP2 SNP3

E1 E2 P GENE E3 E4

Genomic Selection Diet X epigenetics

Integration of epigenetic data

Epigenetic 
marks

B. Using functional annotations for precision animal breeding

C. Standardization of data and processes, 
dissemination and outreach

EuroFAANG provides a great opportunity to increase these impacts in Europe and beyond.
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• Aimed at stakeholders for 
utilisation of GENE-
SWitCH data and the 
genomic prediction 
models developed within 
the project.

• Extensive instruction on 
use of Ensembl to exploit 
pig and chicken gene, 
variation and regulatory 
annotations.
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With big thanks to all participants in GENE-SWitCH

Hybrid annual meeting 2022 hosted by IRTA Torre Marimon

With thanks 
also to those 
who joined 
online


