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GEroNIMO concept
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Year

Human population 
growth

Environmental 
degradation Food security

Challenges

Aim

Changes in socio-
cultural values

Rethinking animal breeding  in pig and chicken 
to move toward a more sustainable model, ensuring production but also promoting  

efficient resource use, animal resilience & welfare, and preserving genetic diversity.
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GEroNIMO concept

Year

Human population 
growth

Rethinking animal breeding  in pig and chicken 
to move toward a more sustainable model, ensuring production but also promoting  

efficient resource use, animal resilience & welfare, and preserving genetic diversity.

Strategy • Use current “Omics” technologies associated with  different phenotypes related to 
production (quantity & quality), feed efficiency, productive longevity, fertility, 
resilience and welfare.

Environmental 
degradation Food security

Changes in socio-
cultural values

• Contribute to improve knowledge on genome-to-phenome relationship

accounting for both genetic and non-genetic mechanisms controlling traits. 

Challenges

Aim

EAAP 30.08.2023
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Europe multi-actor project: 21 partners - 11 countries
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Experts in 

innovation

& project 

management

- French National Research Institute for 
Agriculture, Food and Environment 
(INRAE)

- French Institute for Life, Food and 
Horticultural Sciences and Landscaping 
(L’Institut Agro)

- Faculdade de Medicina Veterinária (FMV)

- University of Zagreb (UNIZG)

- Inst. of Agrifood Research and 
Technology (IRTA)

- Agricultural Institute of Slovenia (KIS)

- Uppsala University (UppU)

- University of Copenhagen (UCPH)

- University of Hohenheim (UH)

- Univ. degli Studi di Firenze (UNIFI)

- Faculty of Veterinary Medicine of Utrecht 
University (UU)

- Wageningen University (WU)

- University of Bern (UB)

3

3

2

13

GEroNIMO consortium
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- Alliance R&D (ARD)

- Novogen (NOVO)

- Topigs Norsvin Research Center (TNRC)

- IFIP-Institut du porc (IFIP)

- Syndicat des Sélectionneurs

Avicoles et Aquacoles     

Français (SYSAAF)

- EU. Forum of Farm Animal 
Breeders (EFFAB)

- Fundación Empresa 
Universidad Gallega (FEUGA)

- INRA Transfert (IT)
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WP8: Ethics
requirements

8 Work Packages (WP) with  5  scientific WPs

GEroNIMO organization

Develop methods 
based on genetics & 

epigenetics 
components of traits

 For improving 

selection strategies

- analyze the societal, ethical and 

legal issues related to genomics 

innovation through surveys

- analyze the feasibility, risks, & 
benefits of genome editing by 
simulation & of epigenetic editing 

by an experimental pilot study.

- all the omics data 
are generated=

EAAP 30.08.2023
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WP8: Ethics
requirements

…

GEroNIMO organization

8 Work Packages (WP) with  5  scientific WPs

EAAP 30.08.2023
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GEroNIMO objectives

Environment

Epigenetics 
modifications

Genetics

Phenotype
variation

Genetics 
variants

Gene Expression 
Regulation

EAAP 30.08.2023 @GeronimoH2020
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Identify biological mechanisms affecting trait variation
considering genetics & epigenetics components WP1WP2

GEroNIMO objectives

Environment

Epigenetics 
modifications

Genetics

Genetics 
variants

Gene Expression 
Regulation

Large animal designs 

GWAS analysis

• Sperm quality

• Growth & Feed efficiency

• Laying rate, Egg quality &
feed efficiency during long 
careers of production 
(over 90wk)

EAAP 30.08.2023

Phenotype
variation
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20,000 genotyped and phenotyped pigs /breed.
Some QTL are shared by the two breeds

PTN = Adipogenesis
DGK1 =  Fat depositionSOCS6 = Leptin/insulin resistance

Daily gain Backfat thickness

Daily gain Backfat thickness

SEC24A

CDKL3

OSBPL8
SYT10 semen concentration 

(9 months) 

400 genotyped and phenotyped pigs

Pedro 
Sá et al.

A few results about the WP1

~1000 genotyped and phenotyped laying hens

Maria Luigi et al.

CYB5A

Alexandre 
Hubert et al.

WP 1.3

WP 1.1

WP 1.2

landrace

yorkshire

Body fat reserve       
(90 weeks) 

EAAP 30.08.2023
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Identify biological mechanisms affecting trait variation
considering genetics & epigenetics components 

• # Transport &  rearing 
conditions

• # Diets

• # Ambiant temperatures 
         &  seasons

• # Ages
        or generations

30.08.2023

Map G and epiG variations in different chicken and pig  local breeds 

to propose strategies for optimizing the conservation 

of genetics and epigenetics diversities
WP3

WP1

• Sperm quality

• Growth & Feed efficiency

• Laying rate, Egg quality &
feed efficiency during long 
careers of production 
(over 90wk)

WP2

GEroNIMO objectives

Environment

Epigenetics 
modifications

Genetics

Genetics 
variants

Gene Expression 
Regulation

Smaller animal designs 

@GeronimoH2020

Compare # environments

Large animal designs 

GWAS analysis

Phenotype
variation
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After 2 years, we have accumulated a large number of animals/samples/omics data  

Genotypes and phenotypes
 from breeders or GEroNIMO

Transcriptomics 
data

epigenomics data with the 
associated Epigenotypes

> 90,000 2000 10,000

-PolyA RNA-seq +++
-Small RNA-seq +
-Ribo depleted RNA-seq +

-

GEroNIMO objectives

 

QTL definitions: 

In the work description, we consider different variants (genetic or epigenetic) involved in quantitative traits (QT) 

variability.  
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Gene expression phenotypes

DNA methylation patterns

+

DNA variants that influence 
DNA methylation patterns

=

DNA variants that influence 
gene expression

=

=
DNA variants that influence 

phenotypes
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=
Epigenetic variations 

associated with phenotypes

Genetic variants:
SNP Loci (L)

Epigenetic variations: DNA 
methylation (M) 

QTL 
Quantitative Trait Loci

eQTL
expression Quantitative Trait Loci

meQTL
methylation Quantitative Trait Loci

QTM
Quantitative Trait Methylation

GWAS

ASE

EWAS

30.08.2023 @GeronimoH2020

to decipher the part of 
genetics & epigenetics 

involved in 
phenotype variation

We perform
Genetics & 

epigenetics
analyses

coming soon

EAAP 30.08.2023
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Pipelines used in GEroNIMO

➢ Pipelines from nfCore when they are available 
“nf-core/rnaseq”  for RNAseq analysis
“nf-core/methylseq »  for bisulfite 

➢ In-house pipelines combined with pipelines already approved by others 
- in-house pipeline (Uppsala University) for GBS-MeDIP analysis
- TensorQTL(from broad Institute) for GWAS with gene expression 
- phASER (from Stephen Castel) for Allele Specific Expression

• e! v107

• An improved version, 
= Combining gene models from different ressources

➢ Genome assembly (.fa)

Sscrofa11.1 

GRCg7b

30.08.2023

@GeronimoH2020EAAP 30.08.2023

➢ Genome annotation (.gtf)
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including Gene-Switch rnaseq data

The 2 
reference 
genome 

annotations

The 2 resources 
related to FAANG

chicken
multi-tissue

RNA-seq data

2 additional 
resources

We successively gathered 6 gene model resources depending on the gene 
model quality
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including Gene-Switch rnaseq data

The 2 
reference 
genome 

annotations

The 2 resources 
related to FAANG

chicken
multi-tissue

RNA-seq data

2 additional 
resources

For each gene locus, we can get the gene occurrence in the 6 databases and their ID equivalence between NCBI 
and Ensembl

44428

24102
8802 

others

991            

miRNA

lncRNA

PCG

18022

Ncbi: 25,670

Ensembl: 30,108

5789

11944

17007

New atlas: 78,323

EAAP 30.08.2023

We successively gathered 6 gene model resources depending on the gene 
model quality

 Using this strategy, we increased the number of   Protein-Coding Genes (PCG) to 24,000 
                               & the number of   lncRNA to 44,000  

Biorxiv10.1101/2023.08.18.553750
Degalezet al 2023

v106

v107
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=> We analyzed  1400 RNAseq samples from 36 datasets
representing the main physiological systems for chickens

We tested the reliability of these gene models 
by quantifying their expression across 47 tissues 

We found more than
 90% of PCG 

& 80% of lncRNA 
were expressed 

in at least one tissue

44428

lncRNA

24102
PCG

8802 others

991 miRNA

35257

(79%)

22468

(93%)
4490

EAAP 30.08.2023
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In order to easily work on this Gene-Enriched Atlas
we created GEGA: A user-friendly tool

GEGA Gallus Enriched Gene Annotation

EAAP 30.08.2023

https://gega.sigenae.org/

https://gega.sigenae.org/
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In order to easily work on this Gene-Enriched Atlas
we created GEGA: A user-friendly tool

GEGA Gallus Enriched Gene Annotation

Ex.: Body fat reserve QTL on Chr. 2

90.5 Mb 91.5 Mb9102652791026526 AX-76180548

Chr.: 2

17 genes 

“PCG”

EAAP 30.08.2023

If you are interested in a QTL region
 You can define this region …

 & display all the genes …

 You can then get various genomics &

 functional information related to these genes
17 “PCG” genes

+ 65 “LNC” genes

https://gega.sigenae.org/

https://gega.sigenae.org/
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GEGA Gallus Enriched Gene Annotation

Ex.: Body fat reserve QTL on Chr. 2

90.5 Mb 91.5 Mb9102652791026526 AX-76180548

Chr.: 2

 2 genes CYB5A & ZADH2

related to “fat” or “lipid” terms

EAAP 30.08.2023

Functional Ontologies 
(GO terms / phenotype terms)

 Select the genes with ontologies that 

are consistent with the trait of interest 

If you are interested in a QTL region
 You can define this region

 & display all the genes

…

In order to easily work on this Gene-Enriched Atlas
we created GEGA: A user-friendly tool

https://gega.sigenae.org/

17 “PCG” genes

+ 65 “LNC” genes

https://gega.sigenae.org/
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GEGA Gallus Enriched Gene Annotation

 Prioritize the genes expressed in a tissue 

that is consistent with the trait of interest

With the 

possibility to 

display 

Graphical 

Views

EAAP 30.08.2023

If you are interested in a QTL region
 You can define this region

 & display all the genes

the 2 genes CYB5A & ZADH2 previously selected
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The gene CYB5A highly expressed in 

the liver (key organ of lipid synthesis)
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Ex.: Body fat reserve QTL on Chr. 2

Functional Ontologies 
(GO terms / phenotype terms)

Expressions across 47 tissues

In order to easily work on this Gene-Enriched Atlas
we created GEGA: A user-friendly tool

https://gega.sigenae.org/

https://gega.sigenae.org/
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x

GEGA Gallus Enriched Gene Annotation
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Ex.: Body fat reserve QTL on Chr. 2

The gene CYB5A highly expressed in 

the liver (key organ of lipid synthesis)

the 2 genes CYB5A & ZADH2 previously selected

CYB5
A

In order to easily work on this Gene-Enriched Atlas
we created GEGA: A user-friendly tool

https://gega.sigenae.org/

Orthologous genes (mouse & human)

Genomics orientation (convergent / 

divergent /antisense) btw 2 neighboring genes 

If you are interested in a QTL region
 You can define this region

 & display all the genes

Co-expressions in chicken & human

Expressions across 47 tissues

Functional Ontologies 
(GO terms / phenotype terms)

…

You can 

explore the 

region further 

by obtaining 

more 
information

https://gega.sigenae.org/
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x

Gallus Enriched Gene Annotation

Philippe Bardou
INRAE 

(SIGENAE) 

Fabien Degalez
PhD student
UMR Pegase

INRAE-Institut Agro

This tool should be useful 

for the GEroNIMO project

to explore the multiple QTL regions

In chicken 

For more details about this atlas 

=> see the poster of F. Degalez

GEGA

Orthologous genes (mouse & human)

Genomics orientation (convergent / 

divergent /antisense) btw 2 neighboring genes 

If you are interested in a QTL region
 You can define this region …

 & display all the genes …

Co-expressions in chicken & human

Expressions across 47 tissues

Functional Ontologies 
(GO terms / phenotype terms)

In conclusion… https://gega.sigenae.org/

https://gega.sigenae.org/
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Build  a young scientist 
“SFS-13-2020” 

community network 

Exchange of info. 
on project 

progress & results

Societal and 
ethical dim.

New knowledge on 
functional genomics

Genome 
annotations, 

Pipelines
Sharing of methods,  
pipelines,  models …

Joint 
participation 
in meetings & 
other events

EAAP 30.08.2023

GEGA Gallus Enriched Gene Annotation https://gega.sigenae.org/

https://gega.sigenae.org/
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