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> A Dbit of context...

-> From farm to fork: boosting animal production
- Population growth (9.7 billion by 2050, rising to 11.2 billion by 2100)*

- Produce more healthy food with fewer natural resources; reduce environmental impact; preserve biodiversity and adjusting to societal expectations!

- Changes in breeding strategies > improved ability to accurately use genotype to predict phenotype (for example, disease resistance and adaptation® !

-> [nfectious diseases: a major concern

- Infectious diseases significantly impact cattle production worldwide?
- Many complex traits with genetic basis detangled; lack of information regarding the mechanism behind immune response?

- Increasing focus on the potential relevance of non-genetic variation impact on cattle phenotypes?
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome
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-» Functional annotation

- Mazdak et al., 2023: https://doi.org/10.1093/g3journal/jkad108 (CAGE experiment — TSS and TSS enhancer; 24 tissue types)
- Kern et al., 2021: https://doi.org/10.1038/s41467-021-22100-8 (ATAC- and ChIP-Seq - chromatin states; 8 tissues)
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome

W& Pipeline: Perrier et al., 2018!

- commonly presented in all the animals

' /J@ - no overlap with SNPs (1,000 Bulls file)
Uit ™™ - methylKit (Ameth225 %; padj<1%)

Dr. Valentin Costes

-> Differentially methylated sites (DMC)

. Lymphocytes CD4+ vs all others (neutrophiles and monocytes) {2 Neutrophiles vs all others (lymphocytes CD4+ and monocytes CD14+)
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- Hypermethylation in Lymphocytes (CD4+) compared to neutrophiles and monocytes (CD14+)

- Hypomethylation in neutrophiles compared to lymphocytes(CD4+) and monocytes(CD14+)
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome

-> Differentially methylated sites (DMC)

Pipeline: Perrier et al., 2018!

- commonly presented in all the animals
- no overlap with SNPs (1,000 Bulls file)
- methylKit (Ameth>25 %; padj<1%)

_________________________________________

In agreement with the literature,
~74% of the DMCs are located in
intronic/intergenic regions which
can harbour regulatory elements!

_________________________________________

What about the regulatory regions in
bovine genome?
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Exploring the repertoire of regulatory regions in lymphocytes CD4+

m Lymphocytes CD4+ vs all others (10,078 DMCs intronic/intergenic - 74%)
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- Intronic/intergenic DMCs overlapping promoter associated states/CAGE tags: unnanotated genes/isoforms?
- Intronic/intergenic DMCs with a pronounced overlap with active enhancer annotation (are they hypomethylated in Lymphocytes?)

1,115 intronic/intergenic DMCs
overlapped active enhancers
supported by both datasets

Are they close to genes with expression
enriched in lymphocytes?
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> Exploring the repertoire of regulatory regions in lymphocytes CD4+

Q Lymphocytes CD4+ vs all others (322 intronic/intergenic hypomethylated DMCs)
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> Exploring the repertoire of regulatory regions in lymphocytes CD4+

.. Lymphocytes CD4+ vs all others (322 intronic/intergenic hypomethylated DMCs)

~ . ;
322 DMCs e i

[ 117 genes (closest) ]

- -_(_ GTEx dataset'
g ALLP =
| Genes with enhanced ‘: Hypomethylated DMCs Con 0 %
---1 expression in ! o0
i 3 ] |
! Lymphocytes T-cell ' Hypothalamus - Bidirectional cluster (Mazdak et al., 2023%) - n
L b T
Hypothalamus - Active enhancer (Kern et al., 20212) & FLE T S ,\f’f f ﬁf
10 genes
[ PLLP (plasmolipin) gene H Essential role in regulating Notch S|gnallng34]
CUMMHOfRDMCS)
v
PLLP gene 2 2 0 .
s [ Notch is an important modulator of T cell-mediated immune responses® ]
INRAZ
EAAP 2024 — Firenze, Italy ! Mazdak et al., 2023: https://doi.org/10.1093/g3journal/jkad108; 2 Kern et al., 2021: https://doi.org/10.1038/541467-021-22100-8;  [0. 8
September 3t, 2024

3 Guelte & Macara et al., 2015: https://doi.org/10.15252/embj.201591448; 4 Shulgin et al., 2021: 10.1134/50026893321050113; > Radtke et al., 2010: https://doi.org/10.1016/j.immuni.2010.01.004



Exploring the repertoire of regulatory regions in neutrophiles

‘3“- Neutrophiles vs all others (2,166 DMCs intronic/intergenic - 74%)
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- Intronic/intergenic DMCs overlapping promoter associated states/CAGE tags: unnanotated genes/isoforms?
- Intronic/intergenic DMCs with a pronounced overlap with active enhancer annotation (are they hypomethylated in Neutrophiles?)
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> Exploring the repertoire of regulatory regions in neutrophiles

“'_}.' Neutrophiles vs all others (211 intronic/intergenic hypomethylated DMCs)
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> Exploring the repertoire of regulatory regions in neutrophiles

"éi Neutrophiles vs all others (211 intronic/intergenic hypomethylated DMCs)
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome

-> Take home messages

- Epigenetic markers in distal regions (outside of gene promoters) help to better define cell type identity

- Integration of functional annotation helps to refine the detection of marks reflecting cell type identity

- Multi-omics approach: how the genome adapts? Uncovering mechanism behind immune response...

Heat stress induces a loss of DNA methylation at specific loci of genome Pf; )CRSAD l
1
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome

-> Take home messages

- Epigenetic markers in distal regions (outside of gene promoters) help to better define cell type identity

- Integration of functional annotation helps to refine the detection of marks reflecting cell type identity

- Multi-omics approach: how the genome adapts? Uncovering mechanism behind immune response...
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> Exploring the repertoire of regulatory regions on bovine blood cells methylome

Thank you for your attention/!
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