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one genotype → many phenotypes

• The human body contains many different cell types 

• These cell types contain basically the same genetic 

information except for germ cells (haploid), 

erythrocytes (anuclear) & cancer cells (aneuploid).

• Each human cell type expresses a unique part of the 

genome (housekeeping genes + cell type-specific 

genes). 

• The phenotype of cells is affected by environmental 

factors, but the basic identity of each cell type is 

maintained throughout (healthy) life.

• Under normal conditions also the ratios between 

different cell types in human tissues/organs are very 

constant.



one genotype → many phenotypes

https://humancelltreemap.mis.mpg.de/



cell differentiation I



https://novoslabs.com/epigenetics-and-aging/

Direct reprogramming

/ transdifferentiation

cell differentiation II

Waddington’s landscape



How is cell identity established and maintained?

• environmental stimuli (→ cell signaling)

• transcription factors

• non-coding RNAs

• the epigenome

cell identity determinants



nucleosomes



heterochromatin vs. euchromatin



epigenetic information

• DNA methylation

• histone posttranscriptional modifications (PMTs)

• chromatin architecture (nucleosome occupancy 

& looping)

• histone variants

Margueron & Reinberg. Nat Rev Genet 2010;11:285



DNA methylation

• Occurs at cytidine residues.

• Performed by DNA methyltransferase DNMT1, DNMT3A & DNMT3B.

• Methyl groups can be actively (methylcytosine dioxygenases TET1, TET2 & TET3 and base excision 

repair) or passively (DNA replication lost)

• Ageing alters genomic DNA methylation patterns towards pathogenic profiles.



histone PTMs

• Histones can be modified at many positions by all kinds of PTMs, which either stimulates or represses 

gene expression.

Millán-Zambrano Nat Rev Genet 2022;23:56



histone PTMs



histone (de)methylation



histone (de)acetylation



histone PTMs

Zhao & Shilatifard. Genome Biol 2019;20(245



Becker & Workman. Cold Spring Harb Perspect Biol 2013;5:a017905.

chromatin remodeling complexes



CHD

epigenetic control of gene expression I



writers, erasers & readers



epigenetic control of gene expression II



cell type-specific epigenome

• Cell types-specific epigenome → cell type-specific gene expression profile (transcriptome) → cell type-

specific properties (phenotype).



the environment instructs the epigenome



cell division & the epigenome

Espinosa-Martínez Sci Adv 2024;10:eadl3188



cell division & the epigenome

Espinosa-Martínez Sci Adv 2024;10:eadl3188



analysis of DNA methylation



analysis of genome accessibility (euchromatin)

Klein & Hainer. Chromosome Res 2020;28:69



Klein & Hainer. Chromosome Res 2020;28:69

analysis of genome occupancy



Sergouniotis. Camb Prism Precis Med 2023;1:e7

the epigenome & complex diseases I

cystic fibrosis

Duchenne muscular dystrophy

sickle cell disease

Alzheimer disease

diabetes type II

atrial fibrillation



Allum Mol Metab 2020;38:100936

the epigenome & complex diseases II



genome editing

insertion

deletion

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjo7ID50IzaAhUO16QKHWcLCnQQjRx6BAgAEAU&url=https://www.sciencedirect.com/science/article/pii/S0734975014001931&psig=AOvVaw3ytZj__nXTlwRBE161laDi&ust=1522233129205288


genome editing technology

(2⨯12-18 bp; 1 bp/module) (21 bp)

(2⨯12 bp; 3 bp/finger)(20-40 bp)

TALEN = Transcription Activator-Like Effector Nuclease; CRISPR = Clustered Regularly Interspaced Short Palindromic Repeats



CRISPR/Cas9 genome editing



CRISPR/dCas9 (epi)genome editing

Ecco et al. Development 2017;144:2719Zhang et al. Mol Cancer 2021;20:126



epigenome editing in the laboratory

CRISPRi 

control sgRNA

CRISPRi

MYBPC3 sgRNA

Total protein

Protein detection

differentiation cell lysis

cell lysis

cardiomyocytes



epigenome editing in the laboratory
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Liao et al. 2024: unpublished



LDL-C reduction via PCSK9 inhibition



epigenome editing as therapy

Cappelluti et al. Nature 2024;627:416

H3K9 & H3K27

trimethylation
CpG methylation



epigenome editing as therapy

Cappelluti et al. Nature 2024;627:416
ETR: engineered transcription repressor

ZFP: zinc finger protein

LNP: lipid nanoparticle

PH: partial hepatectomy



Prometheus Bound
Peter Paul Rubens, 1611/16120



epigenome editing as therapy

Cappelluti et al. Nature 2024;627:416
ETR: engineered transcription repressor

ZFP: zinc finger protein

LNP: lipid nanoparticle

PH: partial hepatectomy



epigenome editing as therapy

Cappelluti et al. Nature 2024;627:416



epigenome editing as therapy

Cappelluti et al. Nature 2024;627:416



aging & the epigenome



• global DNA hypomethylation → undesirable activation of transposable elements

• local DNA hypermethylation (i.p. GpC-rich promoters → undesirable gene silencing

aging & the epigenome



Zhang et al. Nat Rev Mol Cell Biol 2020;21:137
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questions

?
?



https://www.youtube.com/watch?v=WgERHur3FMQ

background information

https://www.youtube.com/watch?v=_6ZBVf6H_IA

https://www.youtube.com/watch?v=MD3Fc0XOjWk

https://www.youtube.com/watch?v=ebIpkw3XapE

https://www.youtube.com/watch?v=rnUlyPaGVwQ

https://www.youtube.com/watch?v=PYjPqq8P70s

https://www.youtube.com/watch?v=_il_U7lH8wc

https://www.youtube.com/watch?v=gfAVIoSP_1c

Mehrmohamadi M, Sepehri MH, Nazer N, Norouzi MR. A Comparative Overview of Epigenomic 

Profiling Methods. Front Cell Dev Biol. 2021 Jul 22;9:714687. doi: 10.3389/fcell.2021.714687. PMID: 

34368164; PMCID: PMC8340004. https://www.frontiersin.org/journals/cell-and-developmental-

biology/articles/10.3389/fcell.2021.714687/full 

https://www.youtube.com/watch?v=ArICnh2Q9EI

https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2021.714687/full
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2021.714687/full
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