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Chapter 5 

DNA and Genes  
5.1 What is a Gene? 
5.2 Chromosomes
5.3 The Structure of DNA
5.4 How DNA Is Copied
5.5 How Proteins Are Built
5.6 Genetic Mutations

5.6  Genetic Mutations
A genetic mutation occurs when the sequence of nucleotides in an organism’s DNA is changed. Genetic 
mutations have two main causes: 1) errors that occur during DNA replication and 2) exposure to things 
that damage DNA, such as ultraviolet light, X-rays, and chemicals.

A genetic mutation can have no effect at all, or it can have a huge effect. A mutation in a gene is likely to 
have a bigger effect than one that affects DNA that is not part of a gene. A mutation in an exon is likely to 
have a bigger effect than one in an intron. A mutation in an egg or sperm may have a bigger effect than 
one that strikes a skin cell on the big toe—this is because a mutation in an egg or sperm can be passed 
on to offspring and then appear in every cell in the offspring’s body. 

The majority of genetic mutations have no effect on proteins or organisms. A small number of mutations 
interfere with how proteins function, and so are disadvantageous for organisms. In rare cases, a mutation 
will produce something new and advantageous. Mutations are the original source of all genetic diversity, 
and they provide the raw materials for evolution. For this reason, mutations are ultimately responsible for 
the diversity of life on Earth. Let’s look at three kinds of mutations: point mutations, frameshift mutations, 
and nonsense mutations. 

A point mutation occurs when one nucleotide is substituted for another, such as when a C becomes a G. 
A point mutation may change the sequence of amino acids in a protein. For example, a point mutation 
that changes AAC to AAG changes the amino acid asparagine to lysine. (Refer to the genetic code in 
Table 5.1.) Not all point mutations change amino acids, however. A point mutation that changes GCA 
to GCC has no effect because both codons stand for the same amino acid—alanine. You might wonder: 
Does changing one amino acid in a protein really matter? The answer is sometimes. Some amino acid 
changes do not affect protein function. Others have a significant effect—a single amino acid change is 
responsible for several serious human diseases, including sickle cell anemia, which we will discuss later.

Nucleotides can also be inserted into or removed from DNA. If this happens in a gene, the codons that 
are “read” during translation can be shifted, producing a frameshift mutation. Frameshift mutations 
completely change a protein’s amino acid sequence and usually result in nonfunctional proteins. A 
nonsense mutation is a mutation that creates a stop codon in the middle of a gene. Nonsense mutations 
cause translation to stop before all the amino acids in a protein have been added. Nonsense mutations 
result in short, often nonfunctional, proteins. Both point mutations and frameshift mutations can result 
in a nonsense mutation. Figure 5.11 shows examples of different mutations. Figure 5.12 compares 
mutations to changes in English sentences—this may help you understand how different mutations can 
affect proteins.
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FIGURE 5.11

Mutations can affect proteins in many different ways. (a) This is a gene’s original nucleotide sequence. (b) This 
point mutation does not change the amino acid sequence of the protein. (c) This point mutation changes 
one amino acid into another. (d) The insertion of a nucleotide causes a frameshift mutation that completely 
changes the sequence of amino acids in a protein. (e) This nonsense mutation produces a stop codon, which 
results in the production of a shorter protein. 

FIGURE 5.12

If a DNA nucleotide sequence were a sentence, different mutations would have different effects on the 
meaning of the sentence. (a) This is the original sentence (DNA nucleotide sequence). (b) This point 
mutation has only a minimal effect on the meaning (protein). (c) This point mutation affects the meaning 
(protein) significantly. (d) This is a frameshift mutation that causes the meaning to be lost (the protein 
is nonfunctional). (e) This is a nonsense mutation that causes the meaning to be lost (the protein is 
nonfunctional). 
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READING CHECK
Two different point mutations are shown below. What effect does each mutation have on the protein that 
is produced? (Use the genetic code in Table 5.1.) Original sequence: AGC CUG UAC UGG ACA UUG CCA. 

1. AGC CUG UAC UGG ACC UUG CCA 

2. AGC CUG UAA UGG ACA UUG CCA 

CHECK YOUR ANSWERS 

1. ACC and ACA code for the same amino acid (threonine), so this mutation has no effect on the protein. 

2. This is a nonsense mutation—it produces a stop codon, shortening the protein to just serine–leucine. 
This is a serious mutation because it has a severe effect on the protein. A mutation like this in an 
important gene could cause illness or death. 

You can read more about genetic mutations here:

https://www.nature.com/scitable/topicpage/genetic-mutation-1127/

https://www.nature.com/scitable/topicpage/genetic-mutation-1127/

