
Epigenetics and phenotypical variability in domestic species:

can epigenetic marks be used as new co-variables in animal breeding?

Jean-Paul Renard and Hélène Jammes

Unité de Biologie du Développement et Reproduction, 

INRA, 78352, Jouy en Josas France 

DefinitionDefinition(s)(s)

MolecularMolecular mechanismsmechanisms

GenomeGenome widewide studiesstudies of of epigeneticsepigenetics

TransgenerationalTransgenerational transmission of transmission of epigeneticepigenetic modifications modifications 

ExamplesExamples of of epigeneticepigenetic modifications modifications affectingaffecting the the phenotypephenotype

4- Epigenetics contribute to the « intangible » phenotypical variations

EPIGENETICSEPIGENETICS

1- Most cells contain the same set of genes, but their phenotype
can vary according to which genes are expressed and repressed.

2- Alterations in gene expression patterns that are heritable
(through mitosis or meiosis), without changes in DNA sequence, 
are known as « epigenetic mechanisms ».

3- Epigenetic states are potentially reversible - during development, or 
in the germ line, or in somatic cells (eg stem cell differentiation), or in
disease (eg epimutations in cancer) XaXaoo Xib
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Parent-of-origin specific gene expression whereby a single allele is
differentially expressed depending on the sex of the parent transmitting
allele
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Different types of epigenetic phenomena

X inactivation

Parental imprinting

Position-effect variegation

Paramutation

Transposon activity « changes in phase »
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DNA methylation is the most studied epigenetic
modification 

Histone modifications are linked to DNA methylation

Igf2 in repressed chromatin

Igf2 in active 
chromatin
close to enhancers

W. Reik, 2003

The H19 locus has a cis effect on Igf2 

Igf2 expression is affected by a chromatin mediated  DNA 
looping DefinitionDefinition(s)(s)
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A single base mutation resulting in muscle hypertrophy but only for heterogygous animals 
inheriting the  paternal mutated allele

TheThe emblematicemblematic case of the case of the callipygecallipyge locus in locus in livestocklivestock

Charlier et al. 2001 Nat Genet
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Takeda et al; 2006 PNAS 

Other examples in domestic mammals

An intronic (G-A) mutation in the porcine IGF2 gene which abrogates
the binding of a trans acting factor to a muscle- specific silencer element

Results in an increase in IGF2 levels with resulting muscle hyper trophy

Van laere et al. 2003, Nature

Defective ineraction of the myostatin MSTN transcripts with skeletal
Muscle-specific miRNAs (miR-1 and miR-206miRNAs)

PigPig

SheepSheep

A mutation in the MSTN 3’untranslated region (3’UTR) of Texel sheep
created an illegitimate target site for miRNAs leading
o Myostatin down regulation and hence muscular hyper trophy

Clop et al, Nature Genetics 2006
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Transient exposure of a gestating female rat during the period of 
gonadal sex determination to the endocrine disruptors vinclozolin
(an or methoxychlor induced an adult phenotype in the F1 
generation of decreased spermatogenic capacity (cell number and 
viability) and increased incidence of male infertility. These effects 
were transferred through the male germ line to nearly all males of 
all subsequent generations examined (F1 to F4). 

Anway et al (2005). Science 308,1466–1469 

Epigenetic Transgenerational Actions of Endocrine Disruptors and Male Fertility
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Un régime pauvre en protéines durant la période 
préimplantatoire affecte la croissance pondérale 
après la naissance
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Pietrain vs Duroc

3 fœtal stages – 1 postnatal

• Standard versus methyl-supplemented diet :

• Breed effects

• Developmental stages

• Transgenerational inheritance of 
epigenetic modifications

Standard vs specific diet

Standard vs specific diet

• Genome-wide and local analysis

• All genome expression profile analysis

• Methylation status analysis of differentially
expressed genes and of candidate genes
(IGF2, IGF2r; Ins…)

tasktask 2.2.1.2.2.1.

tasktask 2.3.3.2.3.3.

tasktask 2.3.12.3.1

tasktask 2.2.2.2.2.2.

Nutritional effects on epigenetic modifications:
Studies within WP2 of the SABRE program DefinitionDefinition(s)(s)
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Genome-wide methylation analysis
MethylatedMethylated DNA DNA ImmunoPrecipitationImmunoPrecipitation ((MeDIPMeDIP))

PrinciplePrinciple: Total : Total genomicgenomic DNA DNA isis sonicatedsonicated andand
methylatedmethylated DNA DNA isis immunoprecipitatedimmunoprecipitated withwith anan
antibodyantibody directeddirected againstagainst 55--methylCystidinemethylCystidine
(5mC). Input DNA (IN) and (5mC). Input DNA (IN) and methylatedmethylated DNA (M) DNA (M) 
cancan bebe differentiallydifferentially labeledlabeled withwith Cy5 (Cy5 (redred) and ) and 
CY3 (green) and CY3 (green) and coco--hybridizedhybridized as a as a twocolortwocolor
experimentexperiment onon micromicro--arraysarrays ((CpGCpG islandisland arraaysarraays,,
PromoterPromoter--arraysarrays……), or ), or usedused for singlefor single--genegene
analysisanalysis by PCRby PCR

Weber M, Davies JJ, Wittig D, Oakeley EJ, Haase M, Lam WL, Schubeler D:  
Chromosome-wide and promoter-specific analyses identify sites of differential
DNA methylation in normal and transformed human cells. Nat Genet 2005, 
37:853-862. 

Weber M, Hellmann I, Stadler MB, Ramos L, Paabo S, Rebhan M, Schubeler
D: Distribution, silencing potential and evolutionary impact of promoter DNA 
methylation in the human genome. Nat Genet 2007, 39:457-466. 

Zilberman D, Gehring M, Tran RK, Ballinger T, Henikoff S: Genome-wide
analysis of Arabidopsis thaliana DNA methylation uncovers an interdependence
between methylation and transcription. Nat Genet 2007, 39:61-69. 

5’.TGTT CG ATT.3‘

3‘.ATAG GC TGG.5‘

Genomic DNA Extraction

Sodium bisulfite conversion 

5’.TGTC mCG ACC.3‘
3‘.ACAG  GCm TGG.5‘

Methylated Unmethylated
5’.TGTC CG ACC.3‘
3‘.ACAG GC TGG.5‘

5’.TGTU mCG AUU.3‘
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3‘.AUAG GU TGG.5‘

PCR amplification
5’.TGTT TG ATT.3‘

3‘.ATAG GT TGG.5‘

Epigenetic mark

GeneticGenetic markmark
SNPSNP

Analysis of PCR products
Cloning/sequencing
Pyrosequencing

Bisulfite Bisulfite treatmenttreatment ofof genomicgenomic DNADNA
Genome-wide methylation analysis

Massive sequencing
• Roche / 454
• 2006 : 20 Mb per run

(100 bases per reading)
• 2007 : 100 Mb per run

(250 bases per reading )

• 2008 : 1 Gb per run (500 
bases per reading )

• Solexa/Illumina 1G

• 2007 : 1 Gb per run (32 
bases per reading )

• 2008 : 3 Gb per run (50 
bases per pair base 
reading,)

: <10 euros / : <10 euros / MbaseMbase1000 euros / 1000 euros / MbaseMbase

errorerror rates > 1% in rates > 1% in gomopolymericgomopolymeric regionsregions
qualityquality assemblingassembling ~20~20 genomegenome equivalentequivalent;;
nono supercontigssupercontigs requiredrequired

<99.9 % , pas d’assemblage de qualité

errorerror rates < 99.9%, no rates < 99.9%, no assemblingassembling ~~

P. Wincker, 2007; source Genoscope, Paris  
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