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‘We used to think our fate was in the stars.  
Now we know in large measure, our fate is in 
our genes’ (James Watson 1989)







"My DNA came to humanity 
through these means and you 
in the world now hold this DNA 
in your blood. Thus my DNA 
runs through your veins and I 
come now to enliven it."

In Gratitude, Love & Joy, 
Nancy Sippel Carpenter



It’s All In Your GENES!!!!!!
http://www.geneplanet.com/

Opening an Account at GenePlanet
“Why would I want these service offered by GenePlanet?

It is appropriate to opt for Gene Planet services because they will be able 
to help you achieve a higher quality lifestyle from the health point of view, 
and from the standpoint of better utilizing your own features and abilities, 
which until now you may have not known, and because they can clear up 
any questions about where you come from and who your ancestors are.”

Who can benefit?
“Everyone who is curious enough and wants to know their advantages, 
risks, hidden talents and the origins of their ancestry.”

http://www.geneplanet.com/�


It's All In Your Genes
http://cito-web.yspu.yar.ru/link1/metod/met9/node39.html

What colour hair have you got? Is it straight, wavy or curly? 
What colour are your eyes? Why are some people tall and slim 
while others are short and stocky? It's all in your genes. Each 
person on this planet is unique, because everyone has got a 
different combination of genes. These are contained in the DNA 
structure. Your genes determine your general shape and size, 
the colour of your skin, eyes and hair, the shape of your face, 
nose, ears, mouth and teeth.

http://cito-web.yspu.yar.ru/link1/metod/met9/node39.html�


Dionne Quintuplets

http://whatever.losito.net/2008/12/10/dionne-quintuplets/�


Type 1 diabetes is one of several autoimmune diseases of unclear etiology 
in which the discordance rate between identical twins is between 30-40%, 
even after many years of follow up.



Epigenetics 

Epigenetics is the study, in both prokaryotes and 
eukaryotes, of the processes that lead to long-term, 
persistent developmental effects. At the cellular level these 
are the processes involved in cell determination and 
differentiation. At higher levels of biological organization, 
epigenetic mechanisms underlie self-sustaining interactions 
between groups of cells that lead to physiological and 
morphological persistence.



Waddington’s epigenetic landscape

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



Interactions among genes are not always linear

Epistatic Interactions: the effect of an allele of gene X 
depends on the particular variant of another gene Y; the 
gene expression of both depends on the specific alleles 
of Z.  And so on…

Given a particular genetic constitution, the gene network’s 
output depends on environmental inputs (e.g. diet)



A shows the contribution to a sibling 
relative risk of type 2 diabetes for 
each of seven SNPs, as estimated 
from data reported by Manolio et al.1
with the use of formulas from Risch 
and Merikangas2 and plotted against 
the rank order of the SNPs in terms of 
the magnitude of their contributions. B
shows the percentage of variation 
explained by each of 20 SNPs 
associated with height, as reported by 
Weedon et al.3 For a quantitative trait, 
the natural measure of effect size is 
the proportion of variation in the trait 
that the SNP explains, which depends 
on both the allele frequency and the 
intergenotype differences. Effect sizes 
are shown as points as well as a fitted 
exponential function with the use of 
least-squares regression. 

http://content.nejm.org/content/vol360/issue17/images/large/02f1.jpeg�


Diabetes type II

The TCF7L2 variant is associated with a sibling relative risk for type 2 
diabetes of only about 1.02, whereas the overall risk of disease among 
siblings of affected persons is three times that in the general population. 
If the human genome carried scores of variants with such effects, they 
would collectively generate a substantial sibling relative risk. 
Unfortunately, we now know this is not the case: the contribution of 
common risk alleles to familial clustering falls off dramatically after 
TCF7L2 and appears to become asymptotic at a level only marginally 
above 1 .

It seems likely, then, that an unreasonably large number of such variants 
would be required to account for the genetic component of diabetes risk, 
even if the sibling relative risk values overestimate the genetic 
component of disease. 

Height 

Approximately 93,000 SNPs are required to explain 80% of the population 
variation in height. 



“If effect sizes [of genes affecting diabetes II, 
height and many other traits] were so small as 
to require a large chunk of the genome to 
explain the genetic component of a disorder, 
then no guidance would be provided: in 
pointing at everything, genetics would point at 
nothing.” 

Goldstein, NEJM 2009 360:1696-1698



Phenotypic plasticity

Plasticity: the ability of one genotype to generate different 
phenotypes depending on environmental cues that act 
as inputs into the organism’s development. 

A single genotype can produce many phenotypes, 
depending on many contingencies encountered 
during development. That is, phenotype is an 
outcome of a complex series of developmental 
processes that are influenced by environmental 
factors as well as genes. 

H. F. Nijhout, 1999







Epigenetic inheritance

Epigenetic inheritance occurs when phenotypic variations 
that do not stem from variations in DNA base sequence are 
transmitted to subsequent generations of cells or 
organisms.

It is used in a broad and a narrow (cellular) sense.



Epigenetic inheritance: broad and narrow 
conceptions





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 



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



Chromatin variations



Replication of two DNA methylation patterns

Jablonka & Lamb Evolution in Four Dimensions 2005, p. 129 



Epigenetic Processes: involved in the regulation of genes



Monozygotic (Discordant) Twins



EPIGENETIC DIFFERENCES ARISE IN MZ TWINS

MZ twins start off with identical amounts of methylated DNA,
Histone H4 acetylation, and Histone H3 acetylation; but the
pairs become discordant as they grow older

Fraga et al 2005. Proc. Natl. Acad.Sci. USA 102: 10604 - 10609.



Linaria

Wild-type                               Epimutant



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





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.



Germline transmission of injected endocrine 
disruptors

Jirtle and Skinner 2007



 

Seminiferous tubules from control rat (A) and rat whose 
grandfather was exposed in utero to vinclozolin



Cases of trans-generational epigenetic inheritance 
Jablonka and Raz (2009) 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

• 19 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 (there are more 
already!) 

• 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 faces) 

• 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, which through its activity,  
bequeaths a similar resource to its offspring. Epigenetic 
inheritance may be involved. 



Soma-to-soma Transmission: Maternal 
behaviour in the rat



1681 ccc
1741 ctctgctagt gtgacacact t1cg2cgcaact c3cgcagttgg 4cggg5cg6cgga ccacccctg7c
1801 ggctctgc8cg gctggctgtc accct9cgggg gctctggctg c10cgaccca11cg ggg12cgggct
1861 c13cgag14cggtt ccaagcct15cg gagtggg16cg gggg17cgggag ggagcctggg agaa

11 14 15 16 17 18 19 110 111 2

NGFI-A

Putative promoter sites of genomic GR
GR GENE

PUTATIVE PROMOTER SITES

(McCormick J.A., Mol Endo. 2000)





Comparison of the total number of genes significantly induced or 
repressed and the degree of overlap among these groups of 
genes in different experiments 

This adaptation of the population occurred on a timescale of  10 generations during 
which the ability to grow competitively in glucose was stably inherited in the 
population.

The observed response is largely nonspecific; repeated experiments result in low 
reproducibility of their transcriptional states showing that a large fraction of the 
responding genes, although enabling the adaptation process, are nonspecific toward 
the challenge.

Stren et al 2007, Genome-wide transcriptional plasticity underlies cellular adaptation to novel 
challenge. Molecular Systems Biology 3 Article number: 106 doi:10.1038/msb4100147



So where is “It” (you)??

Genetic inputs, epigenetic (inherited) inputs, 
ontogenetically acquired epigenetic inputs, and 
all these interact within the dynamics of 
developmental networks.

Life is complicated… beware of horoscopes! 



Questions???
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