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Inputs to development and heredity: The five (potential) 
mothers

• The provider of genetic (DNA) resources

• The provider of the non-DNA part of the egg (nuclear and cytoplasmic)

• The provider of early nourishment (womb & milk)

• The provider of home and care 

• The provider(s) of social education 



There are different modes of inheritance between 
generations

1. Through DNA (cellular-germline) inheritance

2. Through epigenetic cellular (germline) inheritance

3. Through reconstructing early development (soma-soma)

4. Through socially learnt behaviour and reconstruction of 
later development and ecology (soma-soma)

5. Through symbolic culture (e.g. language) (soma-soma)



Waddington’s epigenetic landscape with underlying   
gene networks

Waddington, The Strategy of the Genes, p 29 & 36, 1957



Different Cell Types with the Same DNA



Epigenetic Cellular Inheritance Systems 

The systems that underlie the transmission of functional 
and structural non-DNA sequence variations between 
cells.

• Self-sustaining loops
• Structural inheritance 
• Chromatin marking 
• RNA-mediated inheritance

• Organismal epigenetic inheritance
• Behavioural inheritance
• Cultural inheritance



Self-sustaining loop



Candida albicans: white and opaque morphs

white opaque



Structural inheritance



Inheritance of [PSI+] and psi- in yeast cells



Inheritance of methylation patterns





Linaria

Wild-type                               Epimutant



Germline transmission of induced changes

Jirtle and Skinner 2007





Inherited cardiac hypertrophy induced by injection 
of early embryos with a specific microRNA

Sections of the ventricular walls

Wagner at al. Developmental Cell 14, 962, 2008



Cases of trans-generational epigenetic inheritance 
Jablonka and Raz surveyed the literature on transgenerational 

epigenetic inheritance and found

• 12 cases of epigenetic inheritance in bacteria 

• 8 cases of epigenetic inheritance in protists, mostly in ciliates 
where a large number of loci and traits have been studied

• 17 cases in fungi, involving many phenotypes and loci

• 38 cases in plants, involving many loci and many traits; often 
they were induced by genomic stresses (many more!!!)

• 27 cases in animals, some involving many loci; stress 
sometimes induced multiple epigenetic changes



Body-to-body routes of transmission

• Transmitting or acquiring symbionts and parasites (e.g. through the 
ingestion of faeces) 

• Transmitting products of development (e.g. chemical substances 
transmitted through the placenta and milk of mammals)

• Soma-dependent deposition of specific chemicals in the eggs of 
oviparous animals and plants

• Morphological affordances or constraints (for example, maternal size) 
leading to persistent and heritable developmental effects

• Transmitting variant ecological legacies through niche construction: the 
ancestrally-constructed environment provides a developmental resource 
for an animal, and through its activity it, it bequeaths a similar resource to 
its offspring

• Transmission through symbolic communication



Maternal behaviour in the rat
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We need the E4D perspective because the 
developmental conception of heredity has implication 
for :

• The study of heredity

• The study of evolution

• Medicine

• Agriculture



Implication for evolutionary studies

• Selection and evolution on the epigenetic axis

• Constrains the evolution of ontogeny

• Genetic and epigenetic co-evolution during the major 
transitions

• An important factor in speciation and macroevolution 
affecting the magnitude, the rate and direction of 
evolutionary changes. Epigenetic systems interact with 
genetic systems, and under some conditions these 
interactions may lead to macro-evolutionary changes.  
Our growing understanding of these processes may 
allow us to study macroevolution experimentally.



Gene methylation among 96 Arabidopsis ecotypes

methylated

Vaughn et al. 

PLoS Biol 5, 1642, 2007 



Chimpanzee cultures (a new discipline – primate archeology is 
in emerging…)

Termiting in East Africa Nut-cracking in West Africa



Cultural speciation in indigo birds

Vidua chalybeata from 

Guinea
Vidua raricola from Tibati

Sorenson, M.D., K.M. Sefc & R.B. Payne. 2003. Speciation by host switch in brood parasitic 
indigobirds 





Implications for medicine

•Cancer

•Complex disease

•Environmental disease

•Age-related disease



ONCOGENES AND TUMOR-SUPPRESSOR GENES



Ageing 



Food Can Impact Your Epigenetic State…



FETAL ORIGINS OF ADULT-ONSET DISEASES
(Barker Hypothesis)

Certain anatomical and physiological 
parameters are “set” during
embryonic and fetal development. 
Changes in nutrition or horomonal 
conditions during this time can produce
permanent changes in the pattern of 
metabolic activity. 

These changes can predispose the 
adult to particular diseases. This 
predisposition is sometimes further 
inherited.



Genetically identical Ay/a mice

Low folic acid in mother’s diet
Agouti gene less methylated

High folic acid in mother’s diet
Agouti gene more methylated





Conclusions

We are at a turning point in our 
understanding of heredity and evolution. 
Both concepts have to be expanded. The 
broader view has important practical 
implications.  



Questions???Questions???

Questions????????



Construction of the epiRIL population, illustrated by one pair of chromosomes

Reinders J et al. Genes Dev. 2009;23:939-950

©2009 by Cold Spring Harbor Laboratory Press



epi-allele
n (%) n (%) n (%) n (%)  origin

transgressive 1,580 6.4 1,100 4.5 1,144 4.7 767 5.2 non-parental
intermediate 7,136 28.8 6,942 28.5 7,350 30.1 4,297 29.1 non-parental
met-like 6,532 26.4 2,117 8.7 1,358 5.6 2,008 13.5 parental
WT-like 9,496 38.4 14,233 58.4 14,591 59.7 7,683 52.1 parental
subtotal 24,744 24,392 24,443 24,568

epi01 epi12 epi28 averageMarker 
Class 

Reinders J et al. Genes Dev. 2009;23:939-950



Estimates of heritable phenotypic variance. (A,B) 
Percent of phenotypic variance explained by each 
of the tested variables and their
95% confidence intervals; G = Greenhouse effect; 
M= Micro-environment effect; L = Line-effect; S = 
Subline-effect. The effective samples sizes were 
2856 and 2813 for flowering time and plant height, 
respectively. Outliers (.3SD) were removed from 
the analyses. (C,D) For the two traits, density
histograms (red) of Col-wt epiRILs line means 
(‘genetic’ values) are superimposed over a density 
histogram of the total phenotypic variation (grey 
histogram with blue density line). By visual 
inspection, the distribution of the line means is 
continuous, suggestive of ‘polygenic’ variation for 
these traits. (E) Bivariate plot and least-squares fit 
(black line) of Col-wt epiRILs line means between 
plant height (x-axis) and flowering time (y-axis) 
reveals a negligible ‘genetic’ correlation, 
suggesting that these two traits have a largely 
distinct heritable basis; * p-value,0.0001; ns = not 
significant at a = 0.05 (Table S5).
doi:10.1371/journal.pgen.1000530.g004
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