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Book 2




Chapter 11: QUICK-CHECK answers


Chapter 11
Answers 
QUICK-CHECK questions
1 
What kinds of haemoglobins are normally found in the red blood cells of people after birth?

Within a year after birth, the major haemoglobin found in a person’s red blood cells is haemoglobin A (approximately 98 per cent) with a smaller amount of haemoglobin A2 (approximately 2 per cent). 

2 
What kinds of protein chains make up haemoglobin A?

Two kinds of protein chains make up haemoglobin A, namely alpha chains and beta chains. Each haemoglobin A molecule is composed of two alpha chains and two beta chains and each of these four protein chains has an associated haem group. (Haem groups are iron-containing molecules that play a key role in binding oxygen.)
3 
What role does Desferal® play in the treatment of thalassaemia?

In beta-thalassaemia, the red blood cells die more rapidly than normal, resulting in anaemia. The haemoglobin from these red blood cells breaks down and iron from the haem portion of the haemoglobin accumulates in abnormal amounts in the body organs. The drug Desferal® is a chemical agent that binds to this excess iron preventing its deposition within the body and allowing it to be excreted.
4 
Where does transcription occur? What is the end product of this process?

The process of gene transcription occurs within the nucleus of a cell. The end product of transcription is messenger RNA (mRNA).
5 
A template strand of DNA includes the base sequence:

… T A T C G G C A T …

Write the base sequence of the complementary strand.

The base sequence in the complementary strand is:

… A T A G C C G T A …

6 
A strand of mRNA includes the base sequence:

… A U G U A U C C G …

Write the base sequence of the DNA template.

The DNA template strand that produced this mRNA includes the complementary sequence: 

… T A C A T A G G C …

7 
List two ways in which RNA differs from DNA.

Differences between DNA and RNA include:

1 
DNA is typically a double-stranded molecule, whereas RNA is single stranded.

2
DNA contains the sugar deoxyribose, whereas the sugar present in RNA is ribose.
3
The nucleotide bases in DNA are A (adenine), T (thymine), C (cytosine) and G (guanine), whereas the nucleotide bases in RNA are A, U (uracil), C and G.

4
DNA contains the genetic instructions and remains in the nucleus, while RNA carries a copy of these instructions into the cytoplasm where they are then typically translated into proteins.
8 
List two differences between pre-mRNA and mRNA.

Differences between the pre-mRNA and mRNA of a gene include:

1
Pre-mRNA is the primary transcript or initial product of gene transcription that is converted into mRNA, the end product of gene transcription. 

2
Pre-mRNA is longer than mRNA because pre-mRNA includes introns and exons, while mRNA comprises only exons because the introns have been removed.
3
Unlike pre-mRNA, mRNA has a chemical cap at the 5( end. 

4
Unlike pre-mRNA, mRNA has a poly-A tail at its 3( end.
5
Pre-mRNA is found in the nucleus while mRNA moves from the nucleus into the cytoplasm where it is translated. 
9 
Identify the difference between the members of the following pairs:

a 
codon and anti-codon

A codon is found either in DNA or in mRNA and is a non-overlapping three-base sequence (or base triplet) that carries the genetic instruction to add a specific amino acid to a growing protein chain.

An anticodon is found in transfer RNA (tRNA) and contains a specific three-base sequence that is complementary to a specific codon in mRNA. 
b 
mRNA and tRNA

Messenger RNA (mRNA) is the final product of gene transcription and moves to the cytoplasm where it attaches to a ribosome. 

Transfer RNA (tRNA) is a carrier molecule that brings a specific amino acid into place through pairing of its anticodon with the complementary codon in mRNA. 
c 
amino acid and protein

An amino acid is one of 20 different small molecules that are the sub-units of protein molecules.

A protein is a larger molecule that consists of one or more chains of amino acids. 
d 
START codon and STOP codon.

In mRNA, the START codon is the three-base sequence AUG that begins the process of gene translation and puts the amino acid methionine (met) into place. 

A STOP codon, UAA or UAG or UGA, stops the process of addition of amino acids to the protein chain. 
10 
List the anti-codons in tRNA that would be complementary to the following mRNA codons: AAG, GGC, UUU.


mRNA codon
tRNA anti-codon


AAG
UUC


GGC
CCG


UUU
AAA
11 
A tRNA molecule has the anti-codon GAG.

a 
To which mRNA codon would this tRNA temporarily attach?

A tRNA molecule with the anti-codon GAG would temporarily attach to the CUC codon in a mRNA molecule. 
b 
What amino acid would this tRNA carry?

The tRNA molecule would carry the amino acid leucine (leu).

12 
What product typically results from gene translation?

The typical product of gene translation is a protein (polypeptide) chain consisting of a linear sequence of amino acid residues.
13 
Identify one way in which one gene could produce more than one protein product.

One gene could produce more than one protein product as a result of alternative splicing, which may involve: 

· retaining an intron that in other cases is removed

· using fewer exons than are used in other cases

· using a different cut-and-join junction (splice junction) for an exon from that used in other cases. 

(Note: See figure 11.16 and identify two different ways by which one gene can produce more than one product.) 

14 
Do all people with thalassaemia (beta-zero form) have identical genotypes? Explain.

No: The distinctive feature of thalassaemia (beta-zero form) is the absence of beta chains so that haemoglobin A is not present in red blood cells. 

This type of thalassaemia can result from many different changes in the HBB gene, which controls production of the beta chain. The normal allele of this gene produces beta chains each with 146 amino acids in a specific order. However, various mutations of this gene result in proteins that are unable to function as beta chains. 

These mutations include:

· those that produce a premature STOP codon in the HBB gene, resulting in shortened beta chains

· those that alter the normal STOP codon in the HBB gene so that translation does not stop in the normal place but continues, resulting in abnormally long beta chains

· those with a base addition or a base deletion in the HBB gene that results in proteins with many changes in the amino acid sequence

· those that alter the base sequence at splice sites, which interferes with the correct splicing of exons after introns have been removed. This results in abnormal beta chains. (See various splice sites between introns and exons in figure 11.18.)

In the absence of normal beta chains, normal haemoglobin A molecules cannot be produced and, when this occurs, the beta-zero form of thalassaemia phenotype results.

(Note: The same phenotype, such as the beta-zero thalassaemia phenotype, can arise as a result of many different mutations in the controlling gene. So, various genotypes that differ in their DNA sequences can result in the same phenotype.) 

15 
If a gene normally codes for a protein with 22 amino acids, what change in the DNA of the gene could result in this protein having only eight amino acids?

A shortened protein could result from a mutation in the ninth codon of the DNA sequence so that the mRNA transcribed from this gene has a STOP signal at this codon instead of the normal codon for an amino acid.  
16 
List one difference between a structural gene and a regulator gene.

A structural gene produces an mRNA transcript that is translated into a protein (polypeptide) that is part of the structure and functioning of an organism, such as the gene that controls production of the alpha chains of haemoglobin A and the gene that controls production of the muscle protein myosin.

A regulator gene produces an mRNA transcript that is translated into a protein that controls the action of other genes, switching them on or off.
17 
What is a homeotic gene?

A homeotic gene is a particular regulator gene that controls the action of many other genes that are involved in embryonic development, in particular, the location of various body parts. 
18 
List two significant features of DNA molecules.

DNA molecules:

· are information-containing molecules

· can undergo self-replication.
19 
Briefly explain the role of the following in the process of DNA replication:

a 
nucleotides

Nucleotides are the basic building blocks of DNA. There are four different kinds of nucleotide that differ in the base that they contain: A, T, C or G.
b 
DNA polymerase

DNA polymerase is an enzyme that can build new DNA strands complementary to an existing strand that it uses as a template.
c 
template DNA.

Template DNA is the single-stranded DNA that is used as the template to guides the synthesis of a complementary DNA strand.
20 
List one gene that is expressed at the following times:

a 
only during embryonic development

An example of a gene that is active during embryonic development only is the HBZ gene that controls production of an embryonic haemoglobin.
b 
from adulthood.

A gene whose effects become apparent only from adulthood include the AD1 gene, whichh is involved in a familial form of Alzheimer disease.

(Note: The question might be asked: Could a gene, such as the AD1 gene, have been active from birth or childhood, producing an abnormal protein but with its phenotypic effects becoming apparent only in adulthood when this abnormal protein reached critical levels in particular organs? This question might be explored using a microarray (gene chip) to examine directly whether a gene is active by detecting mRNA, rather than indirectly by looking for a particular phenotypic expression of gene action.)

21 
Are all genes active in all cells? Explain.

All genes are not active in all cells. All somatic cells of an organism contain identical genetic material, but every specialised cell type has different active genes that produce the proteins that characterise that cell type: for example, the production of alpha and beta chains of haemoglobin by red blood cells, the production of the enzyme amylase by salivary gland cells or the production of the digestive enzyme precursor, pepsinogen, in stomach cells. 
22 
Identify the following statements as true or false.

a 
Spots on a microarray consist of double-stranded DNA.

False: The spots on a microarray consist of single-stranded segments of DNA. Because it is single stranded, this DNA is free to pair with single-stranded cDNA made using mRNA templates.

b 
Microarrays exist that cover all known genes of the human genome.

True
c 
Microarrays can be used to compare gene action in cells from different tissues.

True: Through the use of microarrays, it is possible to compare gene action in different tissues, identifying which genes are active in which tissues.
d 
RNAi silences a gene by knocking out the mRNA product of that gene.

True: RNAi or RNA interference is a technique that can be used to silence or switch off the action of a specific gene by breaking down the mRNA produced by that gene during gene transcription.  
23 
What was the role of the iris gene in the creation of blue roses?

In the creation of blue roses, blue irises were the source of the gene controlling production of the enzyme required to produce blue pigment from a colourless precursor substance (see figure 11.33). 
24 
What is an siRNA?

An siRNA is small interfering RNA.
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