2002 GENETICS QU.9

“Individual” with genetic defect on gene X.  Below is sequence of part of an exon of gene X compared to the same section from someone without the disease.  The rest of the gene sequence is normal.  What best describes this finding?

“Individual”

agtctgatgctgctg

Normal

agtcctgatgctgct

a) pathogenic DNA mutation

b) interpretation would depend on which reading frame used

c) interpretation would depend on codon usage

d) disease is due to mutation in flanking DNA

e) non-pathogenic mutation

Types of Mutation 

There are a number of ways to categorize mutations. One is according to the causative mechanism, whereas another is according to their functional effect. When classified according to the mechanism, point mutations — that is, a change in a single DNA base in the sequence — are the most common. There are many types of point mutations. One type is a missense mutation (Figure 3), a substitution that leads to an alternative amino acid, because of the way in which it changes the three-base sequence, or codon, that codes for an amino acid. Nonsense mutations (Figure 3) are a more dramatically deleterious type of point mutation that change the codon to a "stop" codon, a codon that causes the termination of the protein instead of producing an amino acid. Another type of mutation is the frame-shift mutation (Figure 3), which changes the reading frame of the gene downstream from it, often leading to a premature stop codon. 

In terms of functional effect, rather than mechanism, many variants in the human-genome sequence have no phenotypic effect. Among these are silent mutations (Figure 3), which replace one base with another, so that the resultant codon still codes for the same amino acid. Also, mutations may not change the phenotype if the altered codon substitutes one amino acid for another that produces little change in the function of the protein or proteins that the gene encodes. These are referred to as "conservative mutations" (Figure 3). Nonconservative mutations (Figure 3) replace an amino acid with a very different one and are more likely to affect the phenotype.

Although mutations can cause disease by a variety of means, the most common is loss of function. Loss-of-function mutations alter the phenotype by decreasing the quantity or the functional activity of a protein.  Some mutations cause disease through a gain of function, whereby the protein takes on some new, toxic function.






Figure 3. Examples of Point Mutations. 

Panel A shows the normal sequence of DNA from one exon and the protein product it encodes. Panel B shows a silent mutation, Panel C a conservative missense mutation (serine and threonine have very similar structures), Panel D a nonconservative missense mutation (serine and proline have very different structures), Panel E a nonsense mutation, and Panel F a frame-shift mutation. In Panel F, the insertion of a single G throws off the reading frame, so that all amino acids downstream are changed radically. 

A, D and E are wrong, because you can’t make judgements with the information given.

Codon:  A 3 base sequence of DNA or RNA that specifies a single amino acid.

I’m not sure what is meant by “codon usage”, but the sentence doesn’t make sense to me!  So C is wrong. (another version of this stem was “the interpretation is due to polymorphisms”)

The question is an example of a frame shift mutation resulting from a single deletion.  We’re not given any information regarding the reading frame.

ANSWER: B

