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The sperm epigenome: role in male fertility,
transmission, and impact on offspring
phenotype
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Breeding company

Artificial insemination (Al)

DNA methwation

Farm

...But the bull sperm epigenome is
overlooked

* Essential for the compaction of the
paternal genome

* Essential for male fertility and
embryonic development

* |mportant for the phenotype of
offspring

Bull semen is an important product
for Al industry and farmers

* Al allows the dissemination of high
genetic merit sires to many herds

* Reproductive success is crucial for the
sustainability of the sector
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Many steps in a bull’s life can modify the
yd

sperm epigenome
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* Impact on bull fertility?

Kiefer et al., 2021

 Transmission to the embryo?
* Impact on offspring phenotype?
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Bull fertility prediction using sperm DNA

" - methylation
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Bull sperm DNA methylation is under

partial genetic control

Trans- methylation QTL hotspots
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Genetic regulation of sperm DNA methylation
in cattle through meQTL mapping

Corentin Fouéré
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Q: genetic architecture of sperm

DNA methylation in cattle?

 Sperm DNA methylation is partly
heritable (mean h?=0.26)

* Cis- and trans- methylation QTLs could be
identified

* Trans- methylation QTLs hostspots
overlap with genes involved in epigenetic
regulation



Rumigen GEroNIMO and RUMIGEN Joint Final Event

GERON ;M@

Transmission of bull sperm DNA
methylation to the embryo

* Most paternal DNA methylation is erased E
after fertilization o O
* DNA methylation reaches a minimum at § "
the blastocyste stage (100 cells) 5: e
* Then, specific DNA methylation patterns E =
are acquired during cell differentiation -
M- 2
M
Are methylation changes in sperm o
transmitted to the embryo? N QRSALY
Are these transmitted features o "BReED
under genetic control? tvitra 60 80 100
n
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A. Raja-Ravi-Shankar
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Transmission of sperm DNA methylation

patterns to the embryo

DNA methylation is different in embryos
issued from fertile vs. subfertile bulls
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* For the transmitted signatures:
mean h?=0.40 > sperm

A. Raja-Ravi-Shankar, A. Chaulot-Talmon, O. Dubois, MC. Deloche, A. Bonnet, S. Jean-

René, L. Laffont, C. Archilla, V. Costes, E. Sellem, C. Fouéré, V. Duranthon, H. Kiefer
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Impact on offspring phenotype

; ; Methylation differences Very sm.aII effects on milk
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Season effects on the sperm methylome
and offspring dairy phenotypes

A. Raja-Ravi-Shankar
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during spermatogenesis [RAEESRRCIED)
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/ Final message & what’s next

* Both genetic and environmental factors shape sperm DNA methylation = attention should be paid
to bulls” environment from in utero life

* Sperm DNA methylation is a valuable source of male fertility biomarkers = early diagnostic of
subfertile bulls?

 Some epigenetic signatures of bull subfertility are found in embryos produced with subfertile semen
- Impact on development?

- Is it possible to identify more systematically DNA methylation patterns transmitted to the
embryo? Ongoing work by Aarhus University

— Are these paternal methylation signatures maintained thoughout life?

* Impact of sperm methylation variations on offspring phenotype is limited, important statistical
oower requirement =2 levers of resilience for the next generation?

* Production of large datasets, knowledge, methods and concepts > extend to a wider population of
oulls, other breeds, using the RUMIGEN EpiChip
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THROUGH GENOMIC AND EPIGENOMIC APPROACHES GENOME AND EPIGENOME ENABLED BREEDING IN MONOGASTRICS
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