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Chapter 9: QUICK-CHECK answers


Chapter 9
Answers 
QUICK-CHECK questions
1 
What material can cross the generation gap?

The cells that can cross the generation gap are gametes, namely, eggs and sperm; the material that they contain is deoxyribonucleic acid (DNA).

2 
Where does egg formation occur in females?

In females, egg formation occurs in the ovary.

3 
What percentage contribution is made by each parent to the genotype of an offspring?

Each parent contributes half (50 per cent) of the genetic instructions in the genotype to their children.

4 
True or false? Briefly justify.

a 
A child could inherit genetic instructions that were present in its great-great-grandparent.

True: Some of the genetic instructions present in a child’s great-great grandparent are passed to the next generation (to the child’s great-grandparent) and from that person to the next generation (to the child’s grandparent) and to the next generation (to the child’s parent) and then to the next generation (to the child) 

b 
An inherited characteristic such as hairline shape or blood type is part of a person’s phenotype.

True: These inherited physical expressions of a person’s genotype are part of that person’s phenotype. 
c 
A gamete is a gonad.

False: Gametes are specialised cells that are formed in the gonads.
5 
Distinguish between the terms: autosome, sex chromosome and chromosome.

An autosome is one of the matched pairs of chromosomes that are present in both females and males. In humans, these are chromosome pairs, numbered 1 to 22.

A sex chromosome is either of the pair of chromosomes that differ in males and females. In humans, the sex chromosomes comprise the X chromosome and the Y chromosome.

A chromosome is a more general term that includes both autosomes and sex chromosomes.

6 Two chromosomes are homologous. Could they be:

a 
two number-9 chromosomes?

Yes: Two number-9 chromosomes are matching and comprise a homologous pair.
b 
a number-4 and a number-20 chromosome?

No: The number-4 and the number-20 chromosome are not a matching pair and so are non-homologous.

7 
A biologist examined human cells showing chromosomes. Could the sex of the person from whom they came be identified? Explain.

If chromosomes can be seen in a human somatic cell, it is possible to identify the sex of the person. If the person is female, the sex chromosomes present will consist of two X chromosomes. If the person is a male, the sex chromosomes present will consist of one X chromosome and one Y chromosome. 
8 
What is the condition ‘47, +21’?

The number ‘47’ denotes the total number of chromosomes present in a somatic cell; in this case, it is one more that the normal number of 46.

The ‘+21’ denotes that the additional chromosome is a number-21 chromosome.

This condition is termed Down syndrome. 

9 
Typical somatic cells in dogs (Canis familiaris) contain 78 chromosomes. How many chromosomes would be expected in:

a 
the normal egg of a female dog?

A normal egg of a female dog is formed by meiosis, a process that halves the typical somatic number, and so the egg would be expected to contain 39 chromosomes.

b 
a fertilised egg?

A fertilised egg is formed from the union of the nucleus of an egg and that of a sperm, each of which normally contain 39 chromosomes. So, a fertilised egg would be expected to contain 78 chromosomes.

c 
a cell with a trisomy?

Trisomy refers to a condition in which three copies of one chromosome are present in a somatic cell, instead of the usual two copies of that chromosome. So, a cell with a trisomy would be expected to contain 78 + 1, that is, 79 chromosomes. 
10 
Which chromosome is involved in non-disjunction in Down syndrome?

A non-disjunction of the number-21 chromosome causes Down syndrome. 

11 
a 
Does crossing over increase or decrease the variation in one person’s gametes? Explain.

Crossing over during meiosis increases the variation in a person's gametes. This increased variation is due to the fact that new genetic combinations are produced by the chromosomal re-arrangements that result from crossing over. 

b 
How many normal disjunctions occur in meiosis?

In meiosis, two disjunctions normally occur.

The first disjunction separates each double-stranded chromosome from its homologous partner (see stage 4 in figure 9.23).

The second disjunction separates each single-stranded chromosome from its homologous partner (see stage 6 in figure 9.23).

12 
Identify the following as true or false:

a 
The locus of the gene for factor XII deficiency is on chromosome 5.

True

b 
The HD gene is part of the same linkage group as the ACH gene.

True: Genes on the same chromosome form a linkage group; the HD gene and the ACH gene are both on the number-4 chromosome. 

c 
The DMD gene is located on the long arm of the X chromosome.

False: The DMD gene is on the X chromosome but it is on the short arm of that chromosome. 

d 
The number of human genes is estimated to be in the range of 20 000 to 25 000.

True: Earlier estimates placed the number at about 100 000 but, with the completion of the Human Genome Project, this estimate has been progressively reduced within that range. A report published in January 2008 placed the number of genes at about 20 500.
(www.sciencedaily.com/releases/2008/01/080113161406.htm).  

13 
Have all human genes been identified and named?

Most, but not all, human genes have been identified and named.

14 
Where would you find the locus of the gene controlling Rhesus blood type?

The locus of the gene controlling Rhesus blood type is on the number-1 chromosome.

15 
Refer to table 9.5. Which of the following genes are part of the same linkage group: ABO, F8C, CF, RH, DMD? (Note: This question was amended in 2009.)

Genes that form a linkage group have their loci on the same chromosome. So, of the genes listed above, the F8C and the DMD genes are part of the same linkage group since they are both located on the X chromosome.

16 
What is a chromosome map? (Note: This question was replaced in 2009.)

A chromosome map is a representation of a chromosome showing the position (locus) of one or more genes located on that chromosome (see figure 9.27). 

17 
Fill in the following gaps with the term ‘gene’ or ‘allele’:

a 
the allele that produces short fur length in cats

b
the gene controlling fur length in cats.

18 
Explain the difference between the members of the following pairs of terms:

a 
homozygous and heterozygous

Homozygous describes a genotype in which two identical alleles of a gene are present, such as genotype AA and genotype aa.

Heterozygous describes a genotype in which two different alleles of a gene are present, such as genotype Aa. 

b 
X-linked and Y-linked.

‘X-linked’ refers to genes that are located on the X chromosome. We can also refer to X-linked traits that are controlled by such genes. For example, the DMD gene that controls production of the muscle protein dystrophin can be said to be X-linked, and muscular dystrophy, the disease resulting from the abnormal allele, can be called an X-linked trait. 
‘Y-linked’ refers to genes that are located on the Y chromosome. 

19 
Refer to table 9.7 on page 310. What is the phenotype and sex of a person with the genotype IB IB, MM?

The phenotype of a person with the genotype IB IB, MM would be blood group B and with abnormal muscle protein resulting in Duchenne muscular dystrophy. Because that person’s genotype shows two copies of the M allele, this person must have two X chromosomes, since the gene involved is X-linked, and so the person would be female. 

20 
Natalie displays the dominant peaked hairline but her mother shows the recessive straight hairline.

a 
What is Natalie’s genotype?

Let’s use P to denote the allele producing the dominant peaked hairline and p to denote the allele producing the recessive straight hairline. 
Since Natalie shows the dominant peaked hairline, she must have at least one copy of the P allele. But, Natalie’s mother has a recessive straight hairline (pp), so she can pass on only the p allele via her egg to Natalie. So, Natalie’s genotype must be heterozygous Pp. 

b 
What is her mother’s genotype?

Since straight hairline is recessive, the genotype of Natalie’s mother must be homozygous pp.

21 
The offspring of a homozygous purple and a homozygous pink plant are bi-coloured purple and pink.

a 
Assuming that a single gene is involved, what relationship exists between the phenotypic expression of alleles?

In this case, since the action of both alleles can be seen in the heterozygous phenotype, the relationship between the expression of the alleles is of co-dominance. In this particular case, it can be said that purple and pink are co-dominant traits.

b 
Would your conclusion change if the offspring were purple? Explain.

Yes, the conclusion would change. In this case, since the action of only one allele can be seen in the heterozygous phenotype, the relationship between the expression of the alleles is of complete dominance. In this particular case, purple is the dominant trait and pink is the recessive trait.

22 
Assume that a gene on the number-6 chromosome has the alleles A and a, and that a second gene on the number-8 chromosome has the alleles B and b.

a 
What kinds of gametes could be produced by a person, genotype Aa Bb?

Since the two genes concerned are on non-homologous chromosomes, they will assort independently during meiosis. So a person with genotype Aa Bb will produce four kinds of haploid gametes by meiosis and they are expected to occur in equal proportions. These four kinds of haploid gametes are A B, A b, a B and a b. 
b 
A person produces gametes of one type only, aB. What is the probable genotype of this person?

The genotype of this person will be aa BB.

23 
A man has the genotype RT/rt and these two gene loci are linked. Would he produce more Rt gametes than RT gametes? Explain.

No: This man will produce fewer Rt gametes than RT gametes. The majority of his gametes will be non-recombinant RT or rt. In addition, he will also produce smaller numbers of recombinant gametes as a result of crossing in the interval between the two gene loci, and these rarer recombinant gametes are Rt and rT.
24 
What is the difference between parental and recombinant gametes?

A parental gamete is one in which the arrangement of the various alleles of the genes on one chromosome is identical to that in the parent who produces those gametes.

A recombinant gamete is one in which the arrangement of various alleles of the genes on one chromosome is different from that in the parent. These new combinations are a result of crossing over during meiosis. For example, if a parent has the genotype Aa Bb for two linked genes, the parental gametes of this person will be of two kinds: A B and a b. Crossing over between these two gene loci during meiosis in this person will produce recombinant gametes of two kinds: A b and a B.
25 
In a family, all persons showing a disorder have at least one parent who also shows the disorder. Suggest a likely mode of inheritance.

This observation is strongly suggestive of an autosomal dominant pattern of inheritance.
26 
Two unaffected parents have a child affected by an inherited disorder. Suggest a likely mode of inheritance.

This observation is strongly suggestive of an autosomal recessive pattern of inheritance. 

27 
A man showing a dominant trait has a daughter who does not show the trait. Could this be an X-linked dominant trait? Explain.

No: This cannot be an X-linked dominant trait since the affected father must transmit his X chromosome to each of his daughters. Since in this case the man has a daughter who does not show the trait in question, it cannot be an X-linked dominant trait. (If it were an X-linked dominant trait, this daughter would show the trait.)
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