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Genetic information

The order of the nucleobases attached to the backbone of the nucleic acids
determines the genetic information, which is therefore stored in digital form

The order of the nucleobases is not constrained by chemical laws

We believe this is the result of natural selection at early stages of life evolution

Digital information
i1s more stable than
analogic information

Terrestrial life has
started to use digital
information more than
3.5 billon years ago
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The genetic information and genetic code
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Each codon uniquely identifies a single amino acid
Some aminoacids are coded by more than one codon
(example of unplanned evolution)
Some codons are used as a “stop” signal of the sequence
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Genes

From the structural point of view, a gene is a
sequence of nucleobases along a strand of a
nucleic acid

From the point of view of the information
content, a gene is a sequence of instructions
with a specific function

As an example, a sequence that specifies
how to build up a specific amino acid

In complex organisms, the number of genes is
extremely high and this is why DNA needs to be
stored in very compact structures, such as
chromosomes
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The “central dogma”
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A closer look to the molecular machinery
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Appendix:
the DNA as a digital storage device



The density of information (MB/unit volume)
stored in the DNA can be calculated as follows

The radius of the helix is r, ~ 1 nm, while the
perpendicular distance between adjacent
nucleobasis d, ~ 0.34 nm

The volume occupied by a codon (3 nucleobasis) is
therefore V. gon = 3 d, mwry2 = 3.2 nm?

Each codon has 6 bits of information (64
combinations=2°), corresponding to 0.75 bytes

The density of information is therefore
0.75 B/(3.2 nm?) = 0.23 B/nm3 = 2.3x10°> TB/mm?

This 1s the maximum density of information that
can be obtained by compactified DNA strands

Exercise: check that this density of information is
largest than that of present-day storage devices by
several orders of magnitude




