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The differentiation of sperm cells requires an unique
epigenetic reprogramming

%+ Compaction of paternal genome
% Morphological features

“» Protection against oxydation

(epididymis, female genital tract)

% Carry an epigenetic information
important for embryo
development and offspring

phenotype
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Dynamics of epigenetic reprogramming in male
germ cells and influence of environmental factors

DNA methylation
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Nutritional programming and DNA methylation

in sperm
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Bull semen is an important product for breeders
and artificial insemination (Al) industry...

7 millions Al performed in France in 2016 (ruminants),
~100 million worldwide

Success of Al = important issue for breeders

Al allows the diffusion of valuable genotypes

...Genomic selection has considerably modified
breeding practices within Al sector

The breeding value of bulls is determined during

ly lif
early life Impact of enhanced

Increased demand for semen from sires at a younger nutrition and hastened
age puberty on sperm DNA

Enhanced nutrition during early life hastens age at methylome?
puberty (Dance et al., 2015; Byrne et al., 2018a; 2018b)




Experimental design

15m 16m
Birth 6 months Puberty
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High = 1200g milk replacer + concentratekaWchﬁUm Moderate plane of nutrition
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Bulls on the High diet were 1 month younger at puberty @~ C— %%
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RRBS method
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Samples collected on the same bull cluster
together independently of age
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» Interpretation is
complicated by the
presence of paired
samples in the LL group
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Correlation clustering on 1,328,693 CpGs




Inter-individual variability unrelated to diet
dominates DNA methylation profiles

Correlation clustering on 1,359,905 CpGs Correlation clustering on 1,401,664 CpGs
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+* No massive effect of nutritional

. High diet at 15m (HL15, n=9)
programming on sperm methylome

Low diet at 15m ( , N=7)
Low diet at 16m (LL16, n=9)
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Identification of diet- and age-related Differentially
Methylated CpGs (DMCs)

Diet-related DMCs

HL15 vs

(2,932 over 1,669,560 CpGs)
vs LL16

Paired samples

46 (28 genes)

HL15vs LL16
(2,361 over 1,772,219 CpGs)

Total = 3,947 (1,359 genes) % Consistent with earli_er study
on bull sperm reporting no
V methylation change between

12m a0 dighatlam dhletan nzo%)

Differential ana1y8|sC%QC%6§|gtJ§}%@9 aﬂ)@’eﬁ&% at least 4 samples per group ::OW g'et at 1gm (LLl 9
methylKit software AqV&lué< 010l ymethylation differente hetweénaroaps=25% ow diet at 16m (LL16, n= )
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Validation of RRBS results by bisulfite-

pyrosequencing
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% The methylation data produced by RRBS and bisulfite-pyrosequencing are in
good agreement - technical validation OK

R/
0’0

But only 1 region shows significant methylation differences between groups
-> statistical method to detect DMCs is not validated




The statistical approach (methylKit) does not
take account of inter-individual variability

Methylation % at sampled CpGs identified as DMCs using methylKit:
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ldentification of diet- and age-related Differentially
Methylated CpGs (DMCs)

Diet-related DMCs

HL15 vs
(491 over 1,669,560 CpGs)

vs LL16

Paired samples

DS methylKit
88 492 55
» (20 genes) gen]éé 916 genes)
S~
HL15vs LL16
(164 over 1,772,219 CpGs)

Total = 580 (227 genes)
s 85% of the DMCs identified using DSS were also found by methylKit

¢ ATP binding GO term is enriched in both lists on diet at 1om (FiL 15, n=9)
Differential analysis on C&Gs covered by 210 reads in at least 4 samples per group owaieta m N=7)

DSS softtiard/ IRt ddDpvaluE20. D Gnéthylatien distkercslsethaengolpsiiges effect @y diet atebime 6, n=9)
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The distribution of methylation at DMCs found by DSS
IS more consistent with the effect of a diet challenge

Sampled CpGs identified as DMCs using DSS:
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Inter-individual variability within each group is lower than with methylKit
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Conclusion

% Using two statistical approaches, we obtained two lists of candidate CpGs
potentially responsive to a nutritional challenge. The list obtained using DSS
IS more restricted, but seems to better reflect the effect of diet

< In publications about DNA methylation, it is now usual to skip the validation
step. A careful examination of candidate CpGs responsive to environmental
factors is required, to make sure that differential methylation is not due to
confounding factors (i.e, genetic polymorphism)

< Although with different magnitude, both statistical methods lead to the same
conclusion: a memory of the diet challenge that took place during early life is
recorded in the sperm methylome

% The validated DMR in BCL2 is of particular interest, since spermatogenesis
requires a dynamic balance of germ cells regeneration and elimination
through apoptosis (Sofikitis et al., 2008)
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