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Human population Environmental . Changes in socio-
growth degradation Food security cultural values
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Aim Rethinkinganimalbreeding in pigand chicken E ?

tomovetoward 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 GERON M@

Human population Environmental . Changes in socio-
growth degradation Food security cultural values
Challenges | g
;'—_‘:30:1—!'— L
Aim Rethinkinganimalbreeding in pigand chicken E :(F)

tomovetoward a more sustainable model, ensuring production but also promoting
efficient resource use, animal resilience & welfare, and preserving genetic diversity.

Strategy * Usecurrent“Omics” technologies associated with different phenotypes relatedto

production (quantity & quality), feed efficiency, productive longevity, fertility,
resilience and welfare.

« Contributetoimprove knowledge on genome-to-phenomerelationship
accounting forboth genetic and non-genetic mechanisms controllingtraits.
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GEroNIMO consortium GERON M@

Europe multi-actor project: 21 partners-11countries
E - AllianceR&D (ARD)
-Novogen (NOVO)

: - TopigsNorsvinResearch Center (TNRC)
=]

- IFIP-Institut du porc (IFIP)
- Syndicatdes Sélectionneurs

—_—

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

- French Institute for Life, Food and

Horticultural Sciencesand Landscaping

(L'Institut Agro)

- Faculdade de Medicina Veterinaria (FEMV

- University of Zagreb (UNIZG)

Private
companies

3

Professional

- Inst. of Agrifood Research and Academic associations Avicoleset Aquacoles
Technology (IRTA) - Francais (SYSAAF)

- Agricultural Institute of Slovenia (KIS) experts 3 -EU. Forum of Farm Animal
- Uppsala University (UppU) 13 Breeders(EFFAB)

- University of Copenhagen (UCPH)

- University ofHohenheim (UH)

-Univ. degli StudidiFirenze (UNIFI) \

- Faculty of Veterinary Medicine of Utrecht _EX P erts. n .,

University (UU) TOVAION ) UniversidadGalloga (FEUGA)

-Wageningen University (WU) & project _INRA Transfert (IT)

anagemen
2

- University of Bern (UB)
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GEroNIMO organization GERON MO
8 Work Packages(WP)with 5 scientific WPs

Strategic choices
defined thanks to multi-actor involvement,
in particular the non academic stakeholders

Various rearing )
Ef!gf‘r(:; s ] | conditions and | Cosmopolitan
I environments | & local breeds
owh oowez Wps - ——1| - alltheomicsdata
Genetics &epigenetics Environment footprint Genetics & epigenetic e
in ELP traits ) in epigenetic changes diversity ) are generated
Developmethods W4 WPS - analyzethesocietal, ethical and
. Building improved Rethinking breeding through ) ! )
based on genetics & breeding models genomicinnovations | legal issues related to genomics
epigenetics WPe innovation through surveys
Components Oftralts b Knowledge dissemination /
For improving by multi-actor participation - analyzethefeasibility, risks, &
selection strategies - benefitsof genome editing by
Management simulation &ofepigenetic editing
WPS: Ethics by an experimental pilotstudy:.
requirements
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GEroNIMO organization
8 Work Packages(WP)with 5 scientific WPs

Strategic choices
defined thanks to multi-actor involvement,
in particular the non academic stakeholders

Set of ( ( Various rearing .
EL s ¢ of + conditions and Cosmopolitan
raits environments & local breeds

WP1 WP2 WP3 ceo
Genetics &epigenetics Environment footprint Genetics & epigenetic

in ELP traits in epigenetic changes diversity

WP4 WP3
Building improved Rethinking breeding through
breeding models genomic innovations

WP6
KnowledgedisseminationJ :

by multi-actor participation

WP7
Management

WPS8: Ethics
requirements

Disclaimer: The GEroNIMO project has received funding from European Union’s Horizon 2020 research and innovation program
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GEroNIMO objectives GERON' M@

Environment Genetics

Epigenetics
modifications

Genetics
variants

/YN
Phenotype
variation
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GEroNIMO objectives GERON' M@

Identify biological mechanisms affecting trait variation
considering genetics & epigenetics components
Largeanimaldesigns

GWAS analysis

%% « Spermquality

« Growth& Feed efficiency

Genetics
variants

Epigenetics
modifications

L

 Layingrate, Eggquality &

K feed efficiency duringlong :;us
Phenotype careers of production

. (over 90wKk)
varilation
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A fewresultsaboutthe WP1

/ 20,000 genotyped and phenotyped pigs/breed \

some QTL are shared by the two breeds

@ Backfat thickness

; landrace
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Daily gain
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ﬂ Backfat thickness

yorkshire
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Daily gain

PTN = Adipogenesis
DGK1 = Fatdeposition
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Maria Luigi et al.
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GEroNIMO objectives GERON )M

Identify biological mechanisms affecting trait variation
consideringgenetics & epigenetics components

Smaller animaldesigns Largeanimaldesigns

Compare #environments GWAS analysis

«) |+ #Transport& rearing %% .
conditions « Spermquality

- #Diets W@, - Growth & Feed efficiency

Genetics
variants

Epigenetics
modifications

L

 #Ambianttemperatures
feed efficiencyduringlong

? & seasons

 Layingrate, Eggquality & S

— careers of production
. #Ages Z Pher.lOt.ype (over 90wk)
or generations variation
K Map G and epiG variations in different chicken and pig local breeds

to propose strategies for optimizing the conservation
of genetics and epigenetics diversities

EuroFAANG



GEroNIMO objectives

GERON yM®%

After 2 years, we have accumulated a large number of animals/samples/omicsdata

ranscriptomics | epigenomicsdatawiththe

Genotypes and phenotypes T
from breedersor GEroNIMO data

>90,000

We perform
Genetics &
epigenetics
analyses

EAAP 30.08.2023

¢

Genetic variants:
SNP Loci (L)

)

+

| Classic phenotypes l

‘ Gene expression phenotypes ‘

DNA methylation patterns

Epigenetic variations: DNA
methylation (M)

+

Classic phenotypes

GWAS

ASE

2000

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

EWAS

C

QTL
Quantitative Trait Loci

DNA variants that influence
phenotypes

eQTL
expression Quantitative Trait Loci

DNA variants that influence
gene expression

Cmethylation Quantitative Trait Loci

meQTL

-

DNA variants that influence
DNA methylation patterns

1

QTMm
Quantitative Trait Methylation

-

Epigenetic variations
associated with phenotypes

10,000

Ccoming SOon

associated Epigenotypes

to decipherthe partof
genetics & epigenetics
involved in
phenotype variation

EuroFAANG
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Pipelinesused in GEroNIMO GERON) M@
» Pipelinesfrom nfCore whenthey are available

“nf-core/rnaseq” for RNAseqganalysis

“nf-core/methylseq » for bisulfite

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

» Genomeassembly (.fa)| » Genomeannotation (.gtf)

_E Sscrofall.l *elv107
* Animproved version,
? GRCg7b = Combining gene models from different ressources jl>

+**. Disclaimer: The GEroNIMO project has received funding from European Union’s Horizon 2020 research and innovation program E
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We successively gathered 6 gene modelresources

- +
reference
| I . 1 1 1 1 1
genome &'Ensembf EI'ISEI'I'Ib| @
annotations

Including Gene-Switch rnaseq data

The 2 resources o
related to FAANG Fr-AgENCODE

N
chicken —{ FAANG

RNA-seq data
NRao [EENRATT] ©
2 additional
resources
moncone [ Noncode *] @

2

Gene model quality evaluation by

comparison
(Fantom)
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We successively gathered 6 gene modelresources

= Usingthis strategy, we increased the number of Protein-Coding Genes (PCG)to 24,000
&the number of IncRNAto44,000

e | 2 (R O

reference

| I . 1 1 1 1
genome €!/ensembi Ensembl @
annotations

Ncbi: 25,670 - New atlas: 78,323
v106

18022

Including Gene-Switch rnaseq data

The 2 resources 3 5789 -

related to FAANG | Fr-AgENCODE
chicken —{ FAANG

RNA-seq data
NRao [EENRATT] ©
2 additional
resources
moncone [Toncode 7] @ |

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

®
m)

Gene model quality evaluation by

44428
Ensembl: 30,108 INcRNA

v107

comparison

17007

11944

Biorxiv10.1101/2023.08.18.553750
Degalezetal 2023

Disclaimer: The GEroNIMO project has received funding from European Union’s Horizon 2020 research and innovation program E
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We tested the reliability of these gene models GERON M@

by quantifyingtheirexpressionacross47 tissues

=>We analyzed 1400RNAseqg samplesfrom 36datasets
representingthemain physiological systemsforchickens

8802 others

(41/2)Brain @] * [ @ Bone Marrow Derived Macrophages (84/5) 991 miRNA

(43/4) Cerebellum @ [ © Utricle (30/1) @ Monocyte (2/1)

(2/1) Cortex @ @ Dendretic Cell (6/1) 0 [oEmbryoza/1)
(46/2) Pituitary O @ Lymphocyte B (8/2) 1 © Chorioallantoic
(56/2) Hypothalamus @ @ Lymphocyte T (13/3) membrane (16/1)
(1/1) Optic Lobe @ | @ IEL-NK cell (9/1) o skin 153 44428
. — Thromb in
(18/1) Retina @ _. rombocyte (1) @ Feather (30/2) I nc R NA

(18/1) Pineal Gland O |

O Ovary (29/5)
O Testis (23/3)

Magnum (24/3)
O Isthmus (8/2)

@ Blood (84/2) .
53 O Uterus (23/3)

@ Bursa of Fabricius (38/4)

O Cecum (18/3)

© Cecal Tonsils (1/1) o
O Colon (2/1) 90% of PCG

O lleum (34/6) & 80% of IncRNA
© Jejunum (17/4)

@ Duodenum (20/4) 35257 were expressed

@ Gizzard (7/3) in | ne ti
@ Proventriculus (3/2) (79%) at least one tissue

(49/2) Harderian Gland @
(5/2) Thyroid Gland O
(3/2) Thymus @

(40/2) Trachea @
(11/4) Lung @

22468 PPN - We found more than

(7/3) Breast Muscle @
(43/3)Heart ©

(66/3) Adipose tissue @
(63/4)Spleen @
(265/11) Liver @

(1/1) Pancreas @

Disclaimer: The GEroNIMO project has received funding from European Union’s Horizon 2020 research and innovation program E
UrOFAANG

EAAP 30.08.2023 .. under Grant Agreement No 101000236. This project is part of EuroFAANG (https://eurofaang.eu).



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

GEGA Gallus Enriched Gene Annotation

EAAP 30.08.2023 EuroFAANG


https://gega.sigenae.org/

In orderto easily
we created GEGA: A user-friendly tool

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

EAAP 30.08.2023

work on this Gene-Enriched Atlas

https://8ega.sigenae.org/

GEGA Gallus Enriched Gene Annotation

/ Ex.:Bodyfatreserve QTL on Chr.2

Define a region
Chr.:2

~

905Mp 01026526  AX-76180548 91026527 g1 sMH

gnid gnName
LOC428513 TSHZ1
LOC421010 ZADH2
LOC421011 ZWNF407

gnName_ful chr start end
teashirt zinc 2 90958009 91,012602 -

Zipssindinn 203 nannne_oin i v106
106
DAVISGALGC DAVISGALGC A 1 7 “ PC G 7 g enes :1
LOC1125318 LOC1125318 + 65 “LNC” genes V106
DAVISGALGC DAVISGALGC s vl

LOC421012 CNDP1 carnosine dif 2 91437776 91,455226 -
INRAGALGO INRAGALGO NA 2  591,458024 91458225 -
LOC421013 CNDP2 CNDP dipept 2 591,470578 91,4B4819 -
LOC421014 FAMGSC familywiths 2 91,498762 91,508921 +
LOC421015 ClBorf63 chromosome 2 91,532276 91,554368 -
LOC414798 CYBSA cytochrome | 2 91,554619 91,565928 +
LOC421016 TIMM21 translocase¢ 2 91,604515  91,61151 -
LOC421017 FEXO15 F-box proteir 2 91,609665 91,633896 +

Mebi w106
Meki w106
Inra w2018
Meki w106
Mebi w106
Meki w106
Mebi w106
Meki w106
Mebi w106

strai source version gnBiotype

protein_cod
protein_cod
protein_cod
protein_cod

protein_cod
protein_cod
protein_cod
protein_cod
protein_cod
protein_cod
protein_cod
protein_cod
protein_cod
protein_cod

EuroFAANG


https://gega.sigenae.org/

In order to easily work on this Gene-Enriched Atlas https://gega.sigenae.org/

we created GEGA: A user-friendly tool

If you are interested in a QTL region
= You can define this region
= & display all the genes

Functional Ontologies
(GO terms / phenotype terms)

J

[ 1 Search

EAAP 30.08.2023

= Select the genes with ontologies that
are consistent with the trait of interest

GEGA Gallus Enriched Gene Annotation

/ Ex.:Bodyfatreserve QTL on Chr.2 \

Define a region
Chr.:2 m

905Mp 01026526  AX-76180548 91026527 g1 sMH

gnid gnName gnName_ful chr start end stral source version gnBiotype
LOC428513 TSHZ1 teashirtzinc 2 90,958009 91,012602 - Ncbi v106 protein_codi

17 “PCG” genes
+ 65 “LNC” genes

LOC421011 ZNF407
DAVISGALGC DAVISGALGC

v106 protein_codi
vl protein_codi

Z

LOC1125318.LOC1125318, v106 protein_codi

DAVISG in_codi
v = 2genes CYB5A& ZADH2 |
Loca21 ‘@ y Grr a9y n_codi
Loci21 related to “fat” or “lipid” terms  }cs

LOC421016 TIMM21 translocase ¢ 2 91,604515 91,61151 - Ncbi v106 protein_codi
LOC421017 FBXO15 F-box proteir 2 91,609665 91,633896 + Nchi v106 protein_codi



https://gega.sigenae.org/

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

. _ _ GEGA Gallus Enriched Gene Annotation
If you are interested in a QTL region

= You can define this region
= & display all the genes

/ Ex..Bodyfatreserve QTLon Chr.2 \

the liver (key organ of lipid synthesis)

[ The gene CYB5A highly expressed in }

Functional Ontologies 1000 l
(GO terms / phenotype terms) o CYBS
500
=t 1 M
0 - __I _____ I__ - h — H_H N
Expressions across 47 tissues possibility to 1000 :
___ . display ao ZADH
= Prioritize the genes expressed in a tissue Graphical - 2
that is consistent with the trait of interest Views S O cooc
S5 E5T o PEcoo gNEGe SR le o B REcE - 28E £Y2E 6
_OE‘Q_Q CLBS L vocec TS gg 0000 oR g ThRS S

- /

the 2 genes CYB5A & ZADH2 previously selected

EAAP 30.08.2023
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In order to easily work on this Gene-Enriched Atlas https://gega.sigenae.org/
we created GEGA: A user-friendly tool

. _ _ GEGA Gallus Enriched Gene Annotation
If you are interested in a QTL region

= You can define this region
= & display all the genes

/ Ex..Bodyfatreserve QTLon Chr.2 \

the liver (key organ of lipid synthesis)

1000 l

0 CYB5S

500
250
. SN ... __

[ The gene CYB5A highly expressed in }

Functional Ontologies
(GO terms / phenotype terms)

You can i
o5 250 28c 08 gNS oS C2CEcOCUXTEE S0E>s 9
. . ocCa” Cogst ocec S=55580@ co0ancat  FRES
Expressions across 47 tissues explore the oo ]
region further “  ZADH
by obtaining w0 D
Ll - - 200
Genomics orientation (convergent / ~_more L
_ _ : ) 95850 2 BE5S- N5 2 R NTEAtEEYS e g L5t b §
divergent /antisense) btw 2 neighboring genes Information K g S e 1 i /
Orthologous genes (mouse & human) / the 2 genes CYB5A & ZADH2 previously selected

Co-expressions in chicken & human
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https://8ega.sigenae.org/

In conclusion...

_ _ _ GEGA Guaillus Enriched Gene Annotation
If you are interested in a QTL region
= You can define this region ...

— & display all the genes ... This tool should be useful

for the GEroNIMO project
to explore the multiple QTL regions

. . In chicken
Functional Ontologies -
[ (GO terms / phenotype terms)
. _ Wl
EXpI’eSSIOI’]S across 47 tissues Philippe Bardou FabienDegalez
INRAE PhD student
. . . (SIGENAE) UMR Pegase
[ Genomics orientation (convergent / ] INRAE-Institut Agro
divergent /antisense) btw 2 neighboring genes
For more details about this atlas

Orthologous genes (mouse & human) => see the poster of F. Degalez

Co-expressions in chicken & human

EuroFAANG
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Thank you for your attentj@:n

AN Genome
2 T annotations,
EUrOFAANG - | pigsnes
Sharing of methods, T,
. . '_'-':iEI_'l'_l'.i:_-,:'.ll..;"17 .
RESEARCH INFRASTRUCTURE pipelines, models.. : PR AT
) o | Societaland | GENE- witch.
A !@ F ethical dim.
GERON VNG F \

Exchangeof info. B OVI{L 0

on pI'OJeCt Understanding cartle geno m

New knowledge on ﬁ U m § g en progress & results
- . 3
functional genomics /
Build a young scientist Joint
“SES-13-2020” participation R um i na nt
Communlty networ]_< 11'1 meet].ngs % Understanding microbiomes of the ruminant holobiont
/ otherevents

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

Disclaimer: The GEroNIMO project has received funding from European Union’s Horizon 2020 research and innovation program E
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