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At present, GenBank contains more than one hundred billion nucleotide sequences [1]. Despite
the huge amount of data, understanding of the DNA interaction with the molecular machine of
the cell is still limited.

Since Li’s critical review in 1997 [2], progress has been made in order to link the hidden
structure of the genome with the biochemical function in the cell. The most popular is the
ratio of the cytosine and guanine (CG) content, where we count the number of CGs in a
segment of the DNA chain. We can demonstrate the existence of the mosaic structure of
the genome, because there are long domains with constant CG ratio, called isochors [3, 4].
Although popular, the relation of the isochors with biochemical function is unclear [2]. Other
suggestions for the DNA landscape linking the genomic content with some local property have
been proposed, most of them based on scores and energetic aspects of the nucleotides [5–8].
They localize the genomic biochemical features, but the criteria for such local properties
lack realism, because the problem is oversimplified. They do not explain the changes of the
electronic surface of the DNA chain with the nucleotide chemical composition, for example.
However, studying the cellular metabolism, we have some clues to describe the local properties
of genome.

We know that proteins spot very specific genomic sites without unzipping the double
helix [9]. The usual mechanisms for DNA transcription in the textbook are energy cost
processes, because they open the double strain. This means that we need to break the hydrogen
bond between the nucleotides in opposite chains, demanding adenosine 5′-triphosphate (ATP).
So, we expect the existence of a more subtle way for DNA reading. In fact, the protein works
with other molecules recognizing the local charge distribution, an energy saving way to interact
with the neighbour. Despite evidence of the protein–DNA interactions [9], the mechanism
describing how the nucleotide sequences change the electron local distribution was unknown.

In a recent Journal of Physics Condensed Matter paper, Zhu et al apply the Peyrard–
Bishop–Holstein theory in the P5 viral promoter nucleotide sequence, computing the electron
local density of states [10]. The authors describe the quantum charge behaviour based on
the Peyrard and Bishop portrayal of the electronic degree of freedom along the DNA chain
and the transverse stretching for the hydrogen bonds between the nucleotides [11] as well as
the Holstein’s base pair (local) electronic stretching description [12, 13]. Then, they report
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the differences of the spectrum of energy level and local density of states (LDOS) for the
electrons of the homopolymer (A)68 and the P5 promoter. Promoters are nucleotide sequences
responsible for the transcription regulation. Specialized proteins spot such genomic sites
without unzipping the double helix. Then, these proteins attach themselves to these particular
nucleotide sequences starting the biochemical pathway for the DNA transcription. In particular,
the P5 promoter is a 68-nucleotide sequence including TATA and CGCC, both common in the
human genome, and, the adeno-associated virus P5 is a 4500 base pairs long genome, used as
vector in gene therapy.

The approach adopted by Zhu et al will allow us to understand the LDOS of many
biologically relevant nucleotide sequences: protein binding sites, promoters and repressors,
etc. In addition, we may study damage in the DNA coding by studying the thymine dimers
which occur due to the chromosomal exposure to ultraviolet irradiation, for example.
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