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Introduction to epigenetics 

The mainstream biological theory in the second half of last century, represented by the iconic image of the double helix, implicated the sequence of DNA nucleotides as the Holy Grail of modern biology. The underlying metaphor was the “code”, i.e. decoding the language of DNA through its sequencing would have opened the way to understanding physiology and pathology. When a partial sequencing of human DNA was completed in the year 2000, this was hailed as the first step in a new biomedical revolution. This move was also the coronation of the “evolutionary synthesis”, i.e. the journey that connected Darwin’s evolution, Mendel’s laws of inheritance, and the discovery of the DNA structure (double helix) and code (the four bases of DNA, ATGC). Structure, code and base sequence were able to explain the synthesis of proteins and therefore the whole functioning of the cell, but also DNA replication, mutation and selection (i.e. evolution). In other words, DNA and its properties allowed a powerful conceptual synthesis that unified biology. After the sequencing of human DNA in the early 2000s the expectation of scientists (and the markets) was that the discovery of the causes of diseases and therefore effective therapies would have followed from the identification of inherited individual predisposition to disease via sequencing. 
However, 11 years before the famous paper by Watson and Crick in Nature on the double helix (1953), another stream of thought was put forward by Conrad Waddington. In 1942 he published a seminal paper in which for the first time the term epigenetics was used, namely the “study of the mechanisms by which the genotype produces the phenotype in the context of development”. Waddington was particularly interested in understanding the mechanics of embryogenesis, i.e. the appearance of the different organs from an initial single cell (zygote). All cells of an individual contain exactly the same genes with the same DNA sequence, which raises the question of how each organ can develop with its own peculiarities. The answer we now have is that the gap between DNA sequence and organ development is based on epigenetics, i.e. the repression or expression of different genes in different organs. The brain and the liver cells contain exactly the same genes (sequences) but only some of them are expressed in the eye and others in the liver (with some overlaps). 
But the study of epigenetics soon became much more than an explanation for embryogenesis and is now defined as the investigation of “the inheritance of alternative chromatin states in the absence of changes in the DNA sequence” (Cavalli and Heard, 2019; chromatin being the complex of genes and proteins packaged on chromosomes); that is, how DNA function is modulated in the absence of changes in the sequence. Such modulation occurs as a consequence of interactions with the environment, and DNA methylation, chromatin proteins and noncoding RNAs represent some of the mechanisms that allow such interactions. Diet (e.g. folate), chemical exposures, drugs, infections, ageing (see for example Vineis et al, 2017), etc. can influence these mechanisms and thus allow gene-environment interactions. The epigenetic modifications are mitotically heritable (i.e transmitted by a cell to its daughters) but reversible, and are governed by “a series of writers (that deposit them), readers (to interpret them) and erasers (to remove them)” (Cavalli and Heard, 2019). 
To say it in a simplified way, the received view that health and disease were related to the inherited DNA sequence tends to be now substituted by the gene-environment interaction metaphor. Whether or not the epigenetic changes (mitotically heritable) are also meiotically heritable across generations is still debatable: it has been reasonably shown in plants and some animals but not in humans. Obviously substituting a view in which disease predisposition is inherited via DNA sequence to a view in which the environment interplays with genes in a reversible way and with potential inter-generational transmission is a revolutionary paradigm shift, but there are still many observational and conceptual gaps to be filled. 
To give an example of how DNA methylation can be used in practice, in a large consortium on ageing and social inequalities we have shown that a disadvantaged socio-economic condition was associated with “accelerated ageing” based on the methylation of selected DNA regions (Fiorito et al, 2019). The results suggest that biological ageing was more rapid in individuals with fewer years in education. The age acceleration DNA-based indicator was also able to predict cancer mortality longitudinally. These studies provide increasing evidence for the existence of social-to-biological processes, based on epigenetic mechanisms. 
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