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Cloning is an epigenetic phenomenon with low
efficiency
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=IN¥\  Epigenetic perturbations induced by cloning are

maintained throughout the life
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(Santos et al., 2003)

Nuc. Transfert Birth Adultho




= INRA Epigenetic perturbations induced by cloning are

maintained throughout the life

Blastocyst Al Blastocyst Clone

5-MeC

(Santos et al., 2003)

Nuc. Transfert Birth Adulthoo
Liver weight 5mC in Liver DNA
87 - 4.00+
2
71 %’ 3754 b
87 % 3.50- 1 =
5 gt a
. 3 £ > ﬂ—
= E 3.00-
] o
5] 7 2.75-
14 & 2,504
0 L |
Al Al

(Hiendleder et al., 2004)



maintained throughout the life

Blastocyst Al Blastocyst Clone

5-MeC

(Santos et al., 2003)

Nuc. Transfert

Liver weight

[g]
]

Individual deviation
in methylation rate

Birth

0.7
064 !
05 !
0.4
0.3
0.2-
0.1

0.0

5mC in Liver DNA

4.00+
3.754
3.50+
32649 —T
3.00+
2.75

Cytosine methylation level
[%e]

2.50-+

Al
(Hiendleder et al., 2004)

(o}

1

Adulthoo

Epigenetic perturbations induced by cloning are

White blood cells

(De Montera et
al., 2010)

- Holstein clones
I:l Simmental clones
B simmental twins

| —




= INA Epigenetic perturbations induced by cloning are

maintained throughout the life
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Are there genes specifically affected by epigenetic perturbations in clones ?
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Strategy : MeDIP-chip
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Strategy : MeDIP-chip
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Strategy : MeDIP-chip
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Hybridation 1

Hybridation 2
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Experimental design

MeDIP/input and
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Hybridation 1

Hybridation 2

Hybridation 3
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Hybridation 5

Hybridation 6

Experimental design
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= INA The proportion of methylated probes per chromosome i
conserved across individuals
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The proportion of methylated probes per chromosome is

conserved across individuals

1.5

1.0

0.4

0.0

# methylated probes / #total probes

.
D,
(]
o 2 4
: %
<3
o
O
= o
* o)
o )
5]
=) ° o8| © b
m ® oc? ¥ b
°
_____ 5 T P Y O O O O ¥4 P { B PR ad £ AL I L B R )
o 2.° ® % s -
23y R * | o
) .
“ o[y ol = b s |Mal
- b ¥4 ales
© @
@ @ Y
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
= = £ £ £ = £ = = T = = T T T T = T T o ] o o o o o o o L =
= =] =3 =3 o =3 =3 o « ¥ — £ = F— - o - = = = ¥ F = ¥~ L o ~ L = ~ L L X3
S G S S S S S S S S [ S S [ S S S G S G

Chromosomes

- Adult clones

- Young Al controls

- Adult Al controls



# methylated probes / #total probes
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The proportion of methylated probes per chromosome
IS higher in chromosomes 18 (and X in females)
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Local methylation of chromosome 18

Local methylation / Global chr18 methylation :
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Local methylation / Global chr18 methylation :
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== St Hypermethylation of chromosome 18 is restricted to
the portion syntenic to Human chrl9
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=N Cloning and age are components of the variance

observed among animals
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=N Cloning and age are components of the variability

observed among animals
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= INA Spatial analysis : 96% of the promoters show

clusters of enrichment (spatstat R package)
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|dentification of Differentially Methylated Regions (DMR)
(Spatstat R package)

Age-related DMR (257/16432)
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|dentification of Differentially Methylated Regions (DMR)
(Spatstat R package)
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= oo Age-related DMR : cloning erases age-related
differences observed in controls

Age-related DMR (257/16432)
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=N Cloning-related DMR : clones behave like adults

iIndependently of their age
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% methylation (pyrosequencing)

49 CpG (average methylation per DMR)
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= IN% validation by pyrosequencing : chr2:107460687-107464047

(CYP27A1), age-related DMR (ad). P value = 0.004)
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iEgg!ﬂ!ﬁﬁaValidation by pyrosequencing : chr2:107460687-107464047
(CYP27A1), age-related DMR (ad). P value = 0.004)
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Conclusion

» New tools (microarray + bioinformatic pipeline) for high throughput
epigenetic analysis in cattle

» New insights into the bovine methylome (hypermethylation of
chromosome 18)

» ldentification of regions with epigenetic signatures associated to age
and/or cloning

» Hypermethylation of perinatal animals compared to adults

» Age-specific epigenetic signatures are disrupted by cloning
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Future directions

» Relationships both with gene expression and specific phenotypes in
liver ?

» Design of a new generation microarray integrating MeDIP-seq results
(in progress)

» Analysis other tissues and other environmental changes
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