Lecture 4. Epigenomics.

Learning outcomes:

1. Explain the difference between the terms “genctics” and “epigenetics”, “genomics” and
“epigenomics”.

2. Explain the term “gene expression” and different mechanisms of inheritance.

3. Describe the mechanisms of gene expression regulation on the transcriptional and post-
transcriptional level in procaryotes and eucaryotes.

4. Characterize the histone modifications and their influence on gene expression.

5. Explain the mechanisms of environmental influence on gene expression.

In biology, epigenetics is the study of heritable phenotype changes that do not involve
alterations in the DNA sequence. The Greek prefix epi- (émi- "over, outside of, around”) in
epigenetics implies features that are "on top of" or "in addition to" the traditional genetic basis
for inheritance. Phenotype (from Greek pheno- 'showing’, and type 'type’) is the term used in
genetics for the composite observable characteristics or traits of an organism. Epigenomics is
the study of the complete set of epigenetic modifications on the genetic material of a cell,
known as the epigenome. The field is analogous to genomics and proteomics, which are the
study of the genome and proteome of a cell. Epigenetic modifications are reversible
modifications on a cell's DNA or histones that affect gene expression without altering the DNA
sequence. Epigenomic maintenance is a continuous process and plays an important role in
stability of eukaryotic genomes by taking part in crucial biological mechanisms like DNA
repair. Plant flavones are said to be inhibiting epigenomic marks that cause cancers. Two of the
most characterized epigenetic modifications are DNA methylation and histone modification.
Epigenetic modifications play an important role in gene expression and regulation, and are
involved in numerous cellular processes such as in differentiation/development and
tumorigenesis. The study of epigenetics on a global level has been made possible only recently
through the adaptation of genomic high-throughput assays.

DNA methylation is the process by which a methyl group is added to DNA. The enzymes
responsible for catalyzing this reaction are the DNA methyltransferases (DNMTSs). While DNA
methylation is stable and heritable, it can be reversed by an antagonistic group of enzymes
known as DNA de-methylases. In eukaryotes, methylation is most commonly found on the
carbon 5 position of cytosine residues (5mC) adjacent to guanine, termed CpG dinucleotides.

In eukaryotes, genomic DNA is coiled into protein-DNA complexes called chromatin.
Histones, which are the most prevalent type of protein found in chromatin, function to condense
the DNA; the net positive charge on histones facilitates their bonding with DNA, which is
negatively charged. The basic and repeating units of chromatin, nucleosomes, consist of an
octamer of histone proteins (H2A, H2B, H3 and H4) and a 146 bp length of DNA wrapped
around it. Nucleosomes and the DNA connecting form a 10 nm diameter chromatin fiber, which
can be further condensed. Chromatin remodeling occurs via post-translational modifications of
the N-terminal tails of core histone proteins. The collective set of histone modifications in a
given cell is known as the histone code. Many different types of histone modification are known,
including: acetylation, methylation, phosphorylation, ubiquitination, SUMOylation, ADP-
ribosylation, deamination and proline isomerization; acetylation, methylation,
phosphorylation and ubiquitination have been implicated in gene activation whereas methylation,
ubiquitination, SUMOylation, deamination and proline isomerization have been implicated in
gene repression.

Gene expression means how the genes are “expressed” (showed) themselves in the phenotype of
the organism. There are many mechanisms of inheritance: full dominance, incomplete
dominance, co-dominance, polymeria, epistasis, complexive gene interactions and etc. Gene
expression is regulated in procaryotes and eucaryotes on the transcriptional and post-
transcriptional level by different ways. Many procaryotic genes are organized as so-called



“operons”. Each operon is the set of genes responsible for one metabolic pathway that are
regulated and transcribed together (for example, lactose operon of E. Coli). Each protein-
coding gene is called “cistron” so this genome organization is called “polycistronic”.
Eucaryotes have “monocistronic” genome organization. This means that individual genes are
located, transcribed and regulated separately from each other.

The questions for self - control:

1. What are the “genetics” and “epigenetics”, “genomics” and “epigenomics”.

2. “Gene expression” and different mechanisms of inheritance.

3. How the gene expression are regulated on the transcriptional and post-transcriptional level in
procaryotes and eucaryotes?

4. What are the histones and what are their functions?

5. How the environmental conditions can influence on gene expression?
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