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Biological Dictum?

• DNA makes RNA makes protein.

• Know thy genome and thou knowest thyself.



Have you ever wondered….?

• Whether the genome 
of a caterpillar and 
the butterfly into 
which it turns are the 
same?

• They are.



Have you ever wondered….?

• How clonal, 
multicellular 
organisms such as 
ourselves generate 
organs and tissues of 
such diversity?

• Differentiation 
through control of 
genetic expression



Have you ever wondered….?

• Why the patchwork 
colours of a calico cat 
occur only in 
females?

• Random X

inactivation  



Have you ever wondered….?

• Whether identical 
twins are truly 
identical

• They are not



The common thread is Epigenetics

• A change in the state of expression of a gene 
that does not involve a mutation

• All differentiation processes are triggered and 
maintained through epigenetic mechanisms.

• Many external factors can act on gene 
expression through epigenetics.



Organization of chromatin



How does epigenetics work?

• DNA methylation

• Changes in Chromatin Structure- Histone modification and 
nucleosome remodelling

• Small regulatory RNAs

• Polycomb & Trithorax genes



DNA methylation

p = phosphodiester bond



Cytosine methylation in mammals

• Gene expression

• Chromosomal stability

• Cell differentiation

• Imprinting

• X- inactivation

• Carcinogenesis

• Aging



Chromatin Structure 

Tightly wound DNA strand     Loosely wound DNA strand

Acetyl Groups

Histone core

Nucleosome



Histone modification



Chromatin states

Constitutive eg. centromeric chromatin
Facultative eg. X inactivation (Barr body)



THE CAT ATE THE RATDNA Methylation

Histone de 
acetylation

Epigenetic Modifications



2006

Andrew Fire



Maintenance of  transcriptional memory
• The transcriptional history of each gene is maintained 

throughout development and into adulthood, by the 
ubiquitously expressed Polycomb group (PcG) and Trithorax 
(TrxG) group proteins.

• TrxG maintains activated and PcG maintains silenced gene 
states through response elements (RE), PRE/TRE.



• How a single fertilized cell 
gives rise to a complex 
organism. 

• How differentiation occurs 
and is maintained.

• Regeneration, growth and 
aging.

• How maternal & paternal 
imprints are created.

• What happens if things go 
wrong.

1991



Genomic imprinting

• Form of epigenetic regulation in which gene expression 
depends on whether it is inherited from the maternal or 
paternal chromosome.

• Process of marking some alleles during gametogenesis 
leading to differential expression of the gene in all 
somatic cells in the offspring.





Disorders of genetic imprinting

• Prader-Wili Syndrome (15q 11-13)

• Angelman Syndrome (15q 11-13)

• Beckwith Weideman Syndrome (H19 & IGF2)

• Silver-Russel syndrome (H19 & IGF2)

• Pseudo-hyperparathyroidism



Sister epigenetic syndromes

Prader-Willi Angelman



Imprinted
Not expressed

Imprinted
Not expressed

Prader Willi caused by loss of 
paternal imprinting

15q11.2-q13.1 expression

Angelman caused by loss of 
maternal imprinting



CONVERSATION : MIND 

THE IMPRINTED BRAIN THEORY 
Christopher Badcock [11.19.08] 

2016

People skills



Epigenetics  & reproduction

Acta Obstet Gynecol Scand

2016; 95:10–15.



Have you ever wondered….?

• Why the patchwork 
colours of a calico cat 
occur only in 
females?

• Random X

inactivation  



X Inactivation-
Dosage Compensation
• 1949 Barr & Bertram- Sex Chromatin body
• 1961 Mary Lyon hypothesis of X inactivation in 

females
• N minus 1 rule
• Developmentally regulated
• Both Xes are active in the zygote and inactivation 

proceeds with cellular differentiation
• Inactivation is random
• Chromatin based- facultative heterochromatin 



Rett Syndrome

• Severe mental retardation in girls.

• Mutations in the methyl-CpG binding repressor 
protein MECP2. 

• MECP2 belongs to a family of proteins that bind 
to mDNA. Silences transcription by attracting 
proteins that switch the gene off or prevent 
transcription factors from binding to promoter.

• X-linked gene. Males do not survive.

• Random inactivation of X = half of the cells are 
normal and half do not express MECP2.



Have you ever wondered….?

• Whether identical 
twins are truly 
identical

• They are not



Chromosomal Level
 Comparative genomic 

hybridization for methylated 
DNA

 Yellow = similar chromosome 

methylation pattern between 

twins.

 Red = regions of 
hypomethylation in one twin 
compared to the other.

 Green = regions of 
hypermethylation in one twin 
compared to the other.



Nurture versus nature
Effect of diet on isogenic mice

Mother fed on 
normal diet

Mother fed on 
diet 
supplemented 
with methyl 
donors



Nature or Nurture or both?
• DNA methylation patterns fluctuate in response to

• Changes in diet,

• Inherited genetic polymorphisms 

• Exposures to environmental chemicals

• Methyl groups are acquired through the diet and are donated to 
DNA through the folate and methionine pathways. 

• Low dietary levels of folate, methionine or selenium can have 
profound clinical consequences viz. neural tube defects, cancer and 
atherosclerosis. 

• The common polymorphism MTHFR 677CT  in the methylene-
tetrahydrofolate gene has been shown to increase the risk of breast 
cancer up to 3-fold in premenopausal women. Other studies suggest 
that the 677TT genotype confers a 40% decreased risk of breast 
cancer, particularly in women using HRT.



Epigenetics affects the “mind”?

• What is “mind” ?

• Thoughts, behaviour, cognition, consciousness?

• Modulated by molecules eg.

• Dopamine

• Serotonin

• Endorphins

• Receptors

• These are all proteins coded for by DNA, the expression of 
which is modulated by epigenetic mechanisms.

• These epigenetic controls may be permanent or reversible.



Epigenetics & mental health 
Epigenetic influences of diet, and other environmental 
factors may modulate stress



Epigenetics & mental health

2015







Are epigenetic marks heritable 
through the germ line?



Överkalix Study Results
 When the father (P=0.05) was exposed to a famine during 

his SGP, his offspring exhibited protection against 
cardiovascular causes of death.

 Paternal grandmother exposure to famine also showed a 
trend (P=0.11) towards similar protection in grandchildren.

 If the paternal grandfather lived through a famine during his 
SGP it tended to protect grandchildren from diabetes 
(P=0.09). 

 If the paternal grandfather had an abundance of food during 
their SGP, the grandchildren had a four-fold  increased risk 
for death of diabetes mellitus.



Överkalix Study Results
You are what your grandparents ate!

 One mechanism to explain these results is transmission of 
epigenetic markers that were influenced by the 
environment of the parent.

 Effect on grandchildren suggests the markers are 
maintained through multiple generations.



Lamarkism?

 Jean Batiste Lamark (1744-1829)

 Inheritance of acquired characteristics.

 Largely discounted with 

Darwin’s publication of 

Origin of Species and the 

rediscovery of work of 

Mendel.

 Recent work in epigenetics 

suggest Lamark may have 

been correct to some degree.



Epigenetic Research

• Genetic Engineering and 

Biotechnology News Feb 1, 

2013 (Vol. 33, No. 3)

• Epigenetics stands at the center of modern medicine because 
epigenetic changes, unlike DNA sequence which is the same in every 
cell, can occur as a result of dietary and other environmental 
exposure. They may also be heritable.



DNA is not Destiny

• The new science of 
epigenetics rewrites
the rules of disease, 
heredity, and 
identity.




