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Mutation and Variation

The cornerstone of bacterial genetics has been, until recently, the

isolation of specific mutants, i.e. strains in which the gene

concerned is altered (usually in a deleterious fashion). This

alteration shows up as a change in the corresponding characteristics

of the organism. It is this change in the observable properties of the

organism (the phenotype) that is used to follow the transmission of

the gene. The genetic nature of the organism (the genotype) is

inferred from the observable characteristics.



Any population of bacteria is far from homogeneous. A culture of E.

Coli (under optimal conditions) will grow from a single cell to its

maximum cell density (commonly about 109cells ml-1) in about 10–15

h, having passed through 30 generations. Within that culture, there

will be some variation from one cell to another, which can be due to

physiological effects or to genetic changes. Physiological variation

means that, due to differences in the environment, growth history or

stage of growth at any one moment, the cells may respond

differently to some external influence. The key difference between

physiological and genetic variation is whether the altered

characteristic can be inherited.



Types of mutations

Point mutations

Point mutation is the sequence of the DNA has been altered at a single position.

Where this change consists of replacing one nucleotide by another, it is known as a

base substitution. The consequence of such a change depends both on the nature

of the change and its location. If the change is within the coding region of a gene

(i.e. the region which ultimately is translated into protein), it may cause an

alteration of the amino acid sequence which may affect the function of the protein.

The alteration may of course have little or no effect, either because the changed

triplet still codes for the same amino acid or because the new amino acid is

sufficiently similar to the original one for the function of the protein to remain

unaffected.



For example, the triplet UUA codes for leucine; a single base change in the DNA can give rise to
one of nine other codons as shown in Figure 2.3.

Two of the possible changes (UUG, CUA) are completely silent, as the resulting codons still code

for leucine. These are known as synonymous codons.

Two further changes (AUA and GUA) may well have little effect on the protein since the

substituted amino acids (isoleucine and valine respectively) are similar to the original leucine

(they are all hydrophobic amino acids).

Phenylalanine (UUU or UUC codons) is also hydrophobic but is more likely to cause a significant

change in the structure of the protein at that point.

The significance of the change to UCA, resulting in the substitution of serine (which is

considerably different) for leucine will depend on the role played by that amino acid (and its

neighbours) in the overall function or conformation of the protein.

The final two changes (UAA, UGA) are referred to as stop or termination codons (as is a third

codon, UAG), since they result in termination of translation. The occurrence of such a mutation

(also known as a nonsense mutation) will result in the production of a truncated protein; such a

protein may or may not be functional, depending on the degree of shortening.





Frameshift mutation
The deletion or addition of a single nucleotide (or of any number
other than a multiple of three). This is known as a frameshift
mutation, since it results in the reading frame being altered for the
remainder of the gene. Since the message is read in triplets, with no
punctuation marks (the reading frame being determined solely by
the translation start codon), an alteration in the reading frame will
result in the synthesis of a totally different protein from that point
on. Figure 2.4.

In fact, protein synthesis is likely to be terminated quite soon after
the position of the deletion. For most genes the two alternative
reading frames are blocked by termination codons, which serves to
prevent the production of aberrant proteins by mistakes in
translation.
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