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White blood cells 

Holstein clones 

Simmental clones 

Simmental twins 

Are there genes specifically affected by epigenetic perturbations in clones ? 



Strategy : MeDIP-chip  

From : http://www.epigenome-noe.net/researchtools/protocol.php?protid=33 
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Strategy : MeDIP-chip  

From : http://www.epigenome-noe.net/researchtools/protocol.php?protid=33 

-2000 pb                     0              +1360 pb 

Design of a bovine microarray targeting 

21 416 genes 

Methylated in cattle Unmethylated in cattle 

« promoters » (~34 probes) 
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Hybridation 6  Chamber1 : MeDIP/input 

 Chamber2 : input/MeDIP 
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Hybridation 6  Chamber1 : MeDIP/input 

 Chamber2 : input/MeDIP 
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ChIPmix R package 

Experimental design  

Enriched in MeDIP  « methylated » 

Not enriched in MeDIP 

MeDIP/input and 

moderate amplification 

Liver 
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The proportion of methylated probes per chromosome is 

conserved across individuals 
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The proportion of methylated probes per chromosome is 

conserved across individuals 



Chromosomes 

#
 m

e
th

y
la

te
d
 p

ro
b
e
s
 /

 #
to

ta
l 
p
ro

b
e
s
 

The proportion of methylated probes per chromosome 

is higher in chromosomes 18 (and X in females) 

Young clones Adult clones Young AI controls Adult AI controls 

X 
18 



Local methylation of chromosome 18 

Local methylation / Global chr18 methylation : 

> 1 < 1 = 1 



Hypermethylation of chromosome 18 is restricted to 

the portion syntenic to Human chr19 

Local methylation / Global chr18 methylation : 

> 1 < 1 = 1 



Cloning and age are components of the variance 

observed among animals 

Principal Component Analysis (PCA) : 

# methylated probes per promoter 

AI 
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Cloning and age are components of the variability 

observed among animals 

Adult 

Young 

Principal Component Analysis (PCA) : 

# methylated probes per promoter 



Spatial analysis : 96% of the promoters show 

clusters of enrichment (Spatstat R package) 

Young clones Adult clones Young AI controls Adult AI controls 
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Spatial analysis : 96% of the promoters show 

clusters of enrichment (Spatstat R package) 
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Identification of 16432 regions of interest of ≥ 2 consecutive probes 
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Identification of Differentially Methylated Regions (DMR) 
(Spatstat R package) 

Age-related DMR (257/16432) 
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Cloning-related DMR (87/16432) 

Age-related DMR : cloning erases age-related 

differences observed in controls 

Correlation clustering : 

#methylated probes per region 

Age-related DMR (257/16432) 

Group containing 

adult controls 

Group containing 

young controls 



Cloning-related DMR : clones behave like adults 

independently of their age 

Cloning-related DMR (87/16432) Age-related DMR (257/16432) 

Others Young controls 

Correlation clustering : 

#methylated probes per region 
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Validation by pyrosequencing on 5 DMR representing 

49 CpG (average methylation per DMR)  
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Validation by pyrosequencing : chr2:107460687-107464047 

(CYP27A1), age-related DMR (adj. P value = 0.004) 

Young clones Adult clones Young AI controls Adult AI controls 

  Probes           Methylated probes 

                                        

  
  
  
  
A

n
im

a
ls

 




























 

 

Promoter 



Young clones Adult clones Young AI controls Adult AI controls 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

pos1 pos2 pos3 pos4 pos5 pos6 pos7 pos8 pos9 

%
 m

e
th

y
la

ti
o

n
 

CpG positions 

Validation by pyrosequencing : chr2:107460687-107464047 

(CYP27A1), age-related DMR (adj. P value = 0.004) 



Conclusion 

   New tools (microarray + bioinformatic pipeline) for high throughput 

epigenetic analysis in cattle 

 

   New insights into the bovine methylome (hypermethylation of 

chromosome 18) 

 

   Identification 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 

 

 

 

 

  



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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