


Modern definition of epigenetics

• The study of heritable changes in gene 

expression that are not caused by changes in 

DNA sequence

– methylation of the cytosine residue in DNA 

– modification of chromatin proteins that package DNA

• In this article: only epigenetic changes that are 

transmitted to offspring (‘‘transgenerational 

epigenetic inheritance’’)



‘‘Missing heritability’’

• Inherited causes of risk of complex genetic 

diseases that have not yet been identified 

in genomewide association studies 

(GWAS)







Goals

• Present a simple model of the inheritance of 
epigenetic changes.

• Quantify the potential contribution they can 
make to average risk and recurrence risk(*).

(*) recurrence risk :The likelihood that a trait or 
disorder present in one family member will occur 
again in other family members in the same or 
subsequent generations 



Assumptions

• Epigenetic effects are caused by the presence 
or the absence of epigenetic modifications of 
specific chromosomal locations.

• Transmission to offspring is the same as the 
transmission of mutations, except for the 
possibility that they might be spontaneously lost.

• Appearance of an epigenetic change at a 
location in the genome is not attributable to any 
particular locus or loci,

• The phenotypic effects of the presence or the 
absence of an epigenetic change are 
attributable to the genomic location itself.



Model

• Disease risk is affected by n diallelic 
genetic loci and by ν sites at which 
epigenetic changes may be present.

• Assume multiplicative interactions across 
loci and epigenetic sites:
the average risk and recurrence risks are 
computed by calculating contributions from 
each genetic locus and epigenetic site 
separately and then multiplying.



Multiplicative model

interactions















If epigenetic marks do persist for very 

long times, they are equivalent to 

mutations and hence have the same 

opportunity to be in significant linkage 

disequilibrium with linked marker SNPs 

as do other mutations. In that case, they 

would be detected in GWAS to the same 

extent as other mutations.



Conclusions

• If an epigenetic change and a mutation have the same 
effect on disease risk and are found in the same 
population frequency, they will contribute equally to 
average risk but the mutation will contribute more to 
recurrence risk. 

• The reason is that the higher rate of loss of epigenetic 
modifications means that identity by descent does not 
imply identity in state.

• It will be difficult for inherited epigenetic changes to 
account for the missing heritability of complex diseases 
unless they are more common than mutations or have 
more pronounced effects on disease risk.



Conclusions

• Inherited epigenetic changes must persist 

for tens of generations or more for them to 

contribute significantly to similarities of 

close relatives. 

• Until estimates of persistence times of 

inherited epigenetic changes are available, 

it will be difficult to draw firm conclusions 

about their potential role.


