Solutions to Practice Problems

Chapter 18 Molecular Genetics
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1.

Problem

A sample of DNA contains A and C nucleotides in the following proportions: A = 34% and C = 16%. What are the proportions of G and T nucleotides in this sample? (Assume that the characteristic proportions are exactly equal.)
What Is Required?
You must determine the proportion of G and T nucleotides in the sample.

What Is Given?

The proportion of A nucleotides in the sample is 34%. 

The proportion of C nucleotides in the sample is 16%.

Plan Your Strategy

Use Chargaff’s rule to determine the proportion of T nucleotides in the sample.
Use Chargaff’s rule to determine the proportion of G nucleotides in the sample.
Act on Your Strategy

Step 1 From Chargaff’s rule, you know that in any sample of DNA, the amount of adenine (A) is always equal to the amount of thymine (T). Therefore, the proportion of thymine (T) nucleotides in the sample must be 34%.

Step 2 From Chargaff’s rule, you know that in any sample of DNA, the amount of cytosine(C) is always equal to the amount of guanine (G). Therefore, the proportion of guanine (G) nucleotides in the sample must be 16%.

Check Your Solution

34% + 16% + 34% + 16% = 100%

2.

Problem
Use Chargaff’s rule to complete the following table. (Assume that the characteristic proportions are exactly equal.)

Nucleotide Composition of DNA in Sample X

	Nucleotide
	Proportion (%)

	A
	24

	C
	

	G
	

	T
	


What Is Required?

You must determine the proportion of C, G, and T nucleotides in the sample.

What Is Given?

The proportion of A nucleotides in the sample is 24%. 

Plan Your Strategy

Use Chargaff’s rule to determine the proportion of T nucleotides in the sample.
Next determine the percentage of G and C nucleotides in the sample.

Act on Your Strategy

Step 1 From Chargaff’s rule, you know that in any sample of DNA, the amount of adenine (A) is always equal to the amount of thymine (T). Therefore, the proportion of thymine (T) nucleotides in the sample must be 24%.

Step 2 Since the proportion of adenine (A) is 24% and the proportion of thymine (T) is 24%, the total proportion of A and T nucleotides is 24% + 24% = 48%. Because the proportion of nucleotides must add up to 100%, you know the total proportion of guanine (G) and cytosine (C) in the sample must be 100% ( 48% = 52%. 

From Chargaff’s rule, you also know that in any sample of DNA, the amount of cytosine(C) is always equal to the amount of guanine (G). Therefore, the amount of C and G nucleotides in the sample must be 52% ( 2 = 26% for each nucleotide.

Check Your Solution

24% + 26% + 24% + 26% = 100%
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3.

Problem
Use Table 18.3 to find the amino acid that corresponds to each of the following codons.

a) CCA 
b) AUG 
c) GCA
What Is Required?

You must determine the amino acid that corresponds to each of the codons CCA, AUG, and GCA.
What Is Given?

You are provided with the codons CCA, AUG, and GCA.
You have Table 18.3, which provides the messenger RNA codons and their corresponding amino acids.

Plan Your Strategy

Use Table 18.3 to identify the amino acid that corresponds to each codon.

Act on Your Strategy

Step 1 To determine the amino acid that corresponds to the codon CCA, find the first base, C, in the left hand column of the table titled “First base.” To find the second base, C, read across the rows in the “Second base” column at the top of the table. Where the first base row and the second base column meet, you will find a list of four possible amino acids. To determine the correct amino acid, read down the column titled “Third base” to find the last base, A, of the codon, which will identify the amino acid proline as corresponding to the codon CCA.

Step 2 To determine the amino acid that corresponds to the codon AUG, repeat the process you carried out in step 1, using the bases in the AUG codon. The amino acid methionine corresponds to the codon AUG.

Step 3 To determine the amino acid that corresponds to the codon GCA, repeat the process you carried out in the previous steps, using the bases in the GCA codon. The amino acid alanine corresponds to the codon GCA.

Check Your Solution

Repeating the strategy provides the same results.

4.

Problem

What three RNA codons serve as “stop” signals?

What Is Required?

You must determine the three codons that serve as stop signals.
What Is Given?

You have Table 18.3, which provides the messenger RNA codons and their corresponding amino acids.

Plan Your Strategy

Use Table 18.3 to identify the three codons that represent stop codons.

Act on Your Strategy

Step 1 To determine the three codons that represent stop codons, scan the amino acids listed in the centre of Table 18.3. The codons UAA, UAG, and UGA are identified as stop codons in the table.

Check Your Solution

Repeating the strategy provides the same results.

5.

Problem

Write three different codons that correspond to the amino acid arginine.
What Is Required?

You must determine three codons that correspond to the amino acid arginine.
What Is Given?

You have Table 18.3, which provides the messenger RNA codons and their corresponding amino acids.

Plan Your Strategy

Use Table 18.3 to identify three codons that correspond to the amino acid arginine.
Act on Your Strategy

Step 1 To determine three codons that correspond to the amino acid arginine, scan the amino acids listed in the centre of Table 18.3. The codons CGU, CGC, CGA, CGG, AGA, and AGG all represent the amino acid arginine. List any three of these codons to answer the question correctly.
Check Your Solution

Repeating the strategy provides the same results.
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6.

Problem
An mRNA strand contains the following nucleotide sequence: AUGCCCACUACAUAG. What amino acid sequence does this mRNA code for?
What Is Required?

You need to determine the amino acid sequence that the mRNA nucleotide sequence AUGCCCACUACAUAG codes for.
What Is Given?

You are provided with the mRNA nucleotide sequence AUGCCCACUACAUAG.
You have Table 18.3, which provides the messenger RNA codons and their corresponding amino acids.

Plan Your Strategy

Divide the nucleotide sequence into codons of three nucleotides each.
Use Table 18.3 to identify the amino acid that corresponds to each codon in the mRNA nucleotide sequence.

Write the amino acids in the sequence that corresponds to the mRNA nucleotide sequence given.
Act on Your Strategy

Step 1 Dividing the nucleotide sequence into codons of three nucleotides each provides the following sequence: AUG-CCC-ACU-ACA-UAG
Step 2 To determine the amino acid that corresponds to the codon AUG, find the first base, A, in the left hand column of the table titled “First base.” To find the second base, U, read across the rows in the “Second base” column at the top of the table. Where the first base row and the second base column meet, you will find a list of four possible amino acids. To determine the correct amino acid, read down the column titled “Third base” to find the last base, G, of the codon, which will identify the amino acid methionine as corresponding to the codon AUG.

Step 3 To determine the amino acid that corresponds to the codon CCC, repeat the process you carried out in step 2, using the bases in the CCC codon. The amino acid proline corresponds to the codon CCC.

Step 4 Repeat the above steps for the codons ACU and ACA. These codons each correspond to the amino acid threonine.
Step 5 To determine the amino acid that corresponds to the codon UAG, repeat the process you carried out in the previous steps, using the bases in the UAG codon. This will identify the codon UAG as a stop codon with no corresponding amino acid.

Step 6 To determine the amino acid sequence that the mRNA sequence codes for, write the amino acids you determined by using Table 18.3 in the order corresponding to the mRNA sequence. The amino acid sequence that the mRNA sequence AUGCCCACUACAUAG codes for is methionine-proline-threonine-threonine.
Check Your Solution

Repeating the strategy provides the same results.

7.

Problem

A DNA strand contains the following nucleotide sequence: TACTGCCTCCCCATAAGAATT.

a) What is the nucleotide sequence of the mRNA strand that is transcribed from this DNA template?

b) What is the amino acid sequence of the polypeptide that is produced from this mRNA strand?

What Is Required?

You must determine the nucleotide sequence of the mRNA strand that is transcribed from this DNA template.

You then need to determine the amino acid sequence of the polypeptide that is produced from this mRNA strand.
What Is Given?

You are provided with the DNA nucleotide sequence TACTGCCTCCCCATAAGAATT.

You have Table 18.3, which provides the messenger RNA codons and their corresponding amino acids.

Plan Your Strategy

Use your knowledge of nucleotide pairing to determine the nucleotide sequence of the mRNA strand that is transcribed from this DNA template.

Divide the mRNA nucleotide sequence into codons of three nucleotides each.
Use Table 18.3 to identify the amino acid that corresponds to each codon in the mRNA nucleotide sequence.
Write the amino acids in the sequence that corresponds to the mRNA nucleotide sequence given.
Act on Your Strategy

Step 1 You know that the nucleotides A, T, C, and G in a strand of DNA correspond to the nucleotides U, A, G, and C in a strand of mRNA, respectively. The nucleotide sequence of the mRNA strand that is transcribed from the DNA nucleotide sequence of TACTGCCTCCCCATAAGAATT is as follows: AUGACGGAGGGGUAUUCUUAA
Step 2 Dividing the nucleotide sequence into codons of three nucleotides each provides the following sequence: AUG-ACG-GAG-GGG-UAU-UCU-UAA
Step 3 To determine the amino acid that corresponds to the codon AUG, find the first base, A, in the left hand column of the table titled “First base.” To find the second base, U, read across the rows in the “Second base” column at the top of the table. Where the first base row and the second base column meet, you will find a list of four possible amino acids. To determine the correct amino acid, read down the column titled “Third base” to find the last base, G, of the codon, which will identify the amino acid methionine as corresponding to the codon AUG.

Step 4 To determine the amino acid that corresponds to the codon ACG, repeat the process you carried out in step 3, using the bases in the ACG codon. The amino acid threonine corresponds to the codon ACG.

Step 5 Repeat the above steps for the codons GAG, GGG, UAU, and UCU. These codons correspond to the amino acids glutamate, glycine, tyrosine, and serine, respectively.
Step 6 To determine the amino acid that corresponds to the codon UAA, repeat the process you carried out in the previous steps, using the bases in the UAA codon. This will identify the codon UAA as a stop codon with no corresponding amino acid.

Step 7 To determine the amino acid sequence that the mRNA sequence codes for, write the amino acids you determined by using Table 18.3 in the order corresponding to the mRNA sequence. The amino acid sequence that the mRNA sequence AUGACGGAGGGGUAUUCUUAA codes for is methionine-threonine-glutamate-glycine-tyrosine-serine.
Check Your Solution

Repeating the strategy provides the same results.
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