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The central dogma 

“ The central dogma of molecular biology deals with the detailed residue-by-
residue transfer of sequential information. It states that such information cannot 
be transferred back from protein to either protein or nucleic acid. ” 

— Francis Crick, 1970 
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Epigenetic definition 

Genetics :  
• heritable variation in the DNA sequence that is passed on 

from generation to generations.  
 

Epigenetics,   
• In Greek Epi = over/on/at 
     

“heritable variation that does not change the DNA sequence” 
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Tror det vil være godt at præcisere, når du i titlen lover en definition.



Epigenetics during development 



Epigenetics 
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Epigenetic elements 
• Elements of (heritable) variation in the  genome that does not 

change the DNA sequence 
– DNA methylation 
– Histone modification 
– miRNA (regulation) 

• Involved in the activity of genes and gene expression 

 

Gene Expression 

RNA Interference 

Histone Modifications DNA Methylation 
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DNA Methylation 

• The DNA can be chemically altered (C5 
position on the cytosine). CH3-metylation is 
added to the CpG islands by a enzymatic 
process (methyltransferases) 
 
 
 
 
 
 

• The DNA is wrapped around proteins (Histones). 
Also the histones can be altered by e,g. 
methylation, acetylation  
 
 
 



Epigenetics gene regulation 
 

• DNA methylation is associated with inactive genes 



Histone modifications 

 
• There are several types of histone  
modifications ; acetylation,  methylation,  
 phosphorylation,  ribosylation etc. 
• Histone acetylation is associated with gene activity 
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Other functions when methylation is in other places near the gene – e.g gene body



Epigenetics 

• Non-coding RNA 
– miRNA: small interfering RNAs (20-22 nucleotides) regulates 

synthesis of proteins   

 



The French biologist Jean-Baptiste Lamarck (1744–1829) recorded in his work 
on the evolutionary theory that the sons of a blacksmith have larger arm 
muscles than the sons of weavers. 

Epigenetic theoretical concept 
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Environment lifestyle and Epigenetics 
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Diet and the Agouti Mouse model 



Dutch Famine of 1944-1945 
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-mener det gælder første trimester af graviditeten?
The Dutch Famine Birth Cohort Study: 
children of pregnant women exposed to famine were more susceptible to diabetes, obesity, cardiovascular disease, microalbuminuria and other health problems.


Children of the women who were pregnant during the famine were smaller. Data suggested that the famine experienced by the mothers caused some kind of epigenetic changes that were passed down to the next generation. 




Transgenerational inheritance 

Presenter
Presentation Notes
Bekymringen for at miljøet  kan påvirke epigenomet over flere generationer kan måske afspejles i epigenomet? 
Har rettet til “inheritance”
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Epigenetics during development 



De-programing and reactivation 
of the Epigenome 
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Genes in the Epigenetic machinery 

• Writers: enzymes that adds epigenetic modifications, DNA 
Methyltransferases  
 

• Readers: enzymes that recognize epigenetic modifications, can contain 
methyl-binding domains (MBDs)  
 

• Erasers: enzymes that removes epigenetic modifications through 
formation of (5-hydroxymethylcytosine, 5-formylcytosine, and 5-
carboxylcytosine)  
 

• Remodelers: Enzymes that assist process to facilitate access of 
nucleosomal DNA by remodeling the structure, composition and 
positioning of nucleosomes 
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Similarly, the histone machinery consists of writers (e.g. DNMT1, DNMT3A, and DNMT3B
), readers(e.g. MECP2 ), and erasers (e.g. TET) and remodelers




Characteristic features of the Mendelian disorders of the epigenetic 
machinery.  

Hans Tomas Bjornsson Genome Res. 2015;25:1473-1481 

© 2015 Bjornsson; Published by Cold Spring Harbor Laboratory Press 
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Characteristic features of the Mendelian disorders of the epigenetic machinery. The most common phenotypic feature is intellectual disability (yellow). Other features include growth retardation (red), overgrowth (green), immune dysfunction (purple), and various limb abnormalities (orange). The components of the epigenetic machinery (horizontal labels) and genetic syndromes (vertical labels) are divided into four categories (writer, eraser, reader, or remodeler). The majority of these genes demonstrate dosage sensitivity (filled circle).

There are currently 44 such Mendelian disorders of the epigenetic machinery lso remodelers The vast majority (93%) are associated with neurological dysfunction:
Erazers are overrepresented on the X-chromosome  writers are under represented
Generally epigenetic diseases are overrepresented with more disease features and more organs affected. 




A panoramic view of acute myeloid leukemia Sai-Juan Chen,1, Yang Shen1, & Zhu Chen1, Affiliations 
Corresponding author Journal name:Nature Genetics Volume: 45, Pages:586–587 Year published:(2013) DOI:doi:10.1038/ng.2651  

Somatic genetics in Acute Amyloid Leukemia  

Presenter
Presentation Notes
AML is not very heritable, but often somatic mutations occur

http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23a1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-2
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-2
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23a1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23auth-3
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23a1
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23affil-auth
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23corres-auth
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23corres-auth
http://www.nature.com/ng/journal/v45/n6/full/ng.2651.html%23corres-auth


Treatment - 5-azacytidin 

• In 1970’s Dr. Peter Jones showed 5-azacytidin could  
 alter the Epigenetics (cell type) 
  
• 5-azacytidin was later shown to inhibit the  global DNA 

methylation (Writers) 
 

• Since 2009 5-azacytidin (Vidaza) has been used for treating 
AML (leukemia) 
 

• Other epigenetic treatments are e.g. Histone acetylation 
inhibitors (Entinostat) 
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Imprinting 
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Liger and Tigon
En liger, der er en blanding (en hybridkat) mellem en hanløve og en huntiger, er verdens største nulevende kat
En tigon er en blanding (en hybridkat) mellem en hunløve og en hantiger
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Imprinting 
For some inherited diseases/traits it is important if genes are inherited 
from the mother or the farther. 

 
…e.g. if a mutation on chromosome 15 is on the paternal chromosome 
it causes Prader-Willi’s syndrome 

 
and on the maternal chromosome it causes Angelman’s syndrome 
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PW: 1/25.000
Angelman: 1/10.000
Normalt er kun det paternelle gen udtrykt
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DNA methylation and imprinting 

• About 50 human imprinted genes are known 
 

• The reason for this is that some genes when inherited  from the father is 
methylated while the gene from the mother is no, or versa visa  
 

• E.g. Beckwith-Wiedemanns syndrome 
 

Shoufani et al., Am J Med Genet C Semin Med Genet. 2013 May;163(2):131-40 
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Imprinted Domain 1 (5–7%) Gain of methylation affecting maternal IC1 allele
Imprinted Domain 2 (50–60%)Loss of methylation at the maternal IC2 only or with multiple loss of methylation at other imprinted loci
Imprinted Domains 1 and 2 (20–25%)Gain of methylation at IC1 and loss of methylation at IC2

Læs op på 



 
Men and Women 

 
• women live on average longer 

than men 
 

• What genetic differences are 
there between man and women? 
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The small Y-chromosome has only a minor importance (only  23 genes)

E.g. Grasshoppers and cockroaches doesn’t even have a Y chromosome, still they live. 
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X chromosome inactivation 
”Lyonization” 
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Mary Lyon was born on 15 May 1925 Mary Frances Lyon FRS[3] (15 May 1925 – 25 December 2014)[4] was an English geneticist, who is best known for her discovery of X-chromosome inactivation,
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Skewed X-inactivation and survival 

Degree of skewing  Adjusted for age 
Adjusted for age,  

cognitive and physical abilities 
Min. - Max. 

Value 
HR* 95% CI p-value HR* 95% CI p-value 

First Quartile 50 – 63 1 - - 1 - - 
Second 
Quartile 64 -74 0.67 0.50 – 0.92 0.012 0.67 0.48 – 0.93 0.016 

Third Quartile 75 - 87 0.87 0.66 – 1.13 0.29 0.81 0.63 – 1.05 0.11 
Fourth 
Quartile 88 – >95 0.77 0.58 – 1.02 0.065 0.74 0.56 – 0.98 0.036 

Mengel-From J, Thinggaard M, Christiansen L, Vaupel JW, Orstavik KH, Christensen K.. Eur J Hum Genet. 2012 Mar;20(3):361-4. doi: 
10.1038/ejhg.2011.215. Epub 2011 Dec 7. 

“On the individual level (IL) there 
is evidence that skewed X-
inactivation favors survival.” 
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Causal effects 

McGue M, Osler M, Christensen K. Causal Inference and Observational Research: The Utility of Twins. Perspect Psychol Sci. 2010 
Sep;5(5):546-56. 
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Logic of the discordant-twin design. We graphed the hypothetical effect of exposure on
outcome when measured at the individual level (IL; i.e., without regard to twin-pair
membership) and within monozygotic (MZ) and dizygotic (DZ) twin pairs discordant on
exposure. Scenario A is consistent with an association between exposure and outcome that is
due entirely to a causal effect. Scenario B depicts an association that is due entirely to
confounding: The within-MZ pair effect is zero and thus does not provide evidence in
support of a causal effect. Scenario C depicts an association that is due in part to
confounding, but the existence of an effect within discordant MZ twins is consistent with
some causal influence.



Within MZ and DZ pairs 

• Does the twin with the highest degree of skewed X-
inactivation (DS) live longer than the co-twin? 
 

 Pr(SurvivalTwin1>SurvivalTwin2|DSTwin1> DSTwin2) > ½ 
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Mengel-From J, Thinggaard M, Christiansen L, Vaupel JW, Orstavik KH, Christensen K. Skewed X inactivation and survival: a 13-year follow-up 
study of elderly twins and singletons. Eur J Hum Genet. 2012 Mar;20(3):361-4. doi: 10.1038/ejhg.2011.215. Epub 2011 Dec 7. 
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Here the twin pair design may suggest a genetic influence on the association between skewed X-inactivation and survival



Monozygotic twins both with Hemophilia A 

Valleix S et al. Blood 2002;100:3034-3036. (Hemophilia A) 
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Diagnose: Begge tvillinge søstre er blødere (Hemophilia A) og har skæv X-inativering
Both twins were found to carry a previously known factor VIII mutation (Tyr16Cys) in the heterozygous state which most probably arose in the paternal germ line. Both twins showed concordant skewing of X inactivation toward the maternally derived normal X chromosome, the most severely affected twin exhibiting a higher percentage of inactivation of the normal X chromosome.g  







Suggestive literature 
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With expertise in the field of epigenetics and in technology transfer, she promotes the movement of scientists between academia and industry, lecturing often to school students and early career scientists. Carey writes books and articles for a scientifically interested general audience. She is the author of The Epigenetics Revolution[3] and Junk DNA: A Journey Through the Dark Matter of the Genome[4] which explore advances in the field of epigenetics and their implications for medicine. She edited Epigenetics for Drug Discovery[5] for the Royal Society of Chemistry's Drug Discovery Series.[6]
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