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UNIVERSITY OF SWAZILAND
MAIN EXAMINATION PAPER 2006

TITLE OF PAPER: GENETICS
COURSE CODE: B303
TIME ALLOWED: THREE HOURS
INSTRUCTIONS: 1. ANSWER FOUR QUESTIONS.

2. EACH QUESTION CARRIES TWENTY FIVE

(25) MARKS.

SPECIAL REQUIREMENTS:

a)
b)

ILLUSTRATE YOUR ANSWERS WITH
LARGE AND CLEARLY LABELLED
DIAGRAMS WHERE APPROPRIATE.

ALL WORKING MUST BE CLEARLY
SHOWN.

CALCULATORS
STATISTICAL TABLES (BACK PAGE)

THIS PAPER IS NOT TO BE OPENED UNTIL PERMISSION HAS

BEEN GRANTED BY THE INVIGILATORS
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QUESTION 1

a.

In Drosophila melanogaster, vestigial wings (vg) is recessive to normal wings
(vg+) and the gene for this trait is located on the X chromosome. Yellow body
(y) is recessive to normal body colour (y+) and this gene is located on the X
chromosome. A double homozygous yellow, vestigial female is crossed to a
homozygous normal male for both characters.

i.  What name is used to describe genes located on the X
chromosome? [2 Marks]
ii.  Using clearly stated symbols of your choice, state the genotype of the
two flies in this cross. {2 Marks]
iii.  Predict the genotype and phenotypes of the F; that would be
obtained. [2 Marks]
iv.  What genotypes, and in what proportions can be expected in the F; of

this.cross? [4 Marks]
v.  Ifthe reciprocal cross is carried out, what phenotypes, and in what
proportions can be expected in the F; and F,? [6 Marks]

Two people with normal children have three children as follows:

The first born is a daughter with normal vision who in turn has three sons, two
of whom are colour blind.

The second is a daughter of normal vision who has five sons, all with normal
vision.

The third is a colour blind son who has two daughters and two sons, all with
normal vision.

i.  Summarize this information in a pedigree. [S Marks]

ii.  Predict as far as possible, the genotypes of all individuals on the
pedigree. [4 Marks]

[TOTAL 25 MARKS]

QUESTION 2

a) The chromosome ¢ ABCDEF undergoes an interstitial break resulting in an

inversion involving the regions BCDE (thus becoming e AEDCBF) where e
denotes the position of the centromere.
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i.  Explain fully, the consequences of this during pairing in an individual
who is heterozygous for this inversion using large, fully labeled
diagrams to illustrate your answer. [6 Marks]

ii. Ifachiasma is formed between B and C, show the configuration of the
bivalent at Anaphase 1 and show what products will arise at the end of

Meiosis II. [6 Marks]

b) Distinguish between the following pairs of chromosomal aberrations:

i. A paracentric and a pericentric inversion
ii. A tandem and a reverse duplication
ili. A terminal and an interstitial deletion

[6 Marks]

c) Explain how we can distinguish between different chromosomes using the
position of the centromere using large diagrams to illustrate your answer.

[7 Marks]
[TOTAL 25 MARKS]
QUESTION 3
a) A snapdragon plant that bred true for white petals was crossed to a plant that

bred true for purple flowers and all the F; had white petals. Selfing the F;
produced an F, with a total of 640 individuals as follows:

White 464
Solid purple 126
Spotted purple 50

i. . Suggest an explanation for the inheritance of this trait. [2 Marks]
ii.  Test how well the results fit your hypothesis. [4 Marks]
iii.  Using clearly stated symbols of your choice, state the genotypes of the
parents, F; and all F, phenotypes in this cross. [8 Marls]
b) Distinguish between penetrance and expressivity. [2 Marks]

c) Briefly explain how the following types of genetic interaction arise including

an account of what phenotypic ratios can be expected in the F; of crosses
showing these interactions.
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i.  Gene suppression
ii. Complementarity
iii.  Duplicate genes [9 Marks]
- [TOTAL 25 MARKS]
UESTION 4
a) Explain the link between proteins and DNA using large, clearly labeled
diagrams to illustrate your answer. [8 Marks]
b) Name and explain the role of all substances and enzymes required for
DNA replication [10 Marks]
¢) Explain how pre-mRNA is processed to resulting in a final mRNA
transcript. [7 Marks]
[TOTAL 25 MARKS)]
QUESTION 5

A female who is heterozygous for four genes A,B,C and D is test-crossed to a
aabbccdd male and 1000 progeny, classified as follows are obtained.

Phenotype No. individuals
aBCD 42
Abcd 43
ABCd 140
abecD 145
AbCd 6
aBcD 9
ABcd 305
abCD 310

State the genotype of the female in this cross. [2 Marks]

Use the information given to calculate recombination frequencies between the

genes that are linked (HINT: Not all genes are linked). [8 Marks]

¢. Construct a map for this region of the chromosome. [3 Marks]

d. Determine how much interference, if any, occurs in this region of the
chromosome. [3 Marks] .

e. Distinguish between the following pairs of terms:

i.  inter-chromosomal and intra-chromosomal recombination. [4 Marks]

ii.  Coupling phase and repulsion phase. [S Marks]

ISH



UESTION 6

a) Explain what is meant by quantitative inheritance.
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[2 Marks]

b) Compare and contrast between quantitative and qualitative inheritance. [7
Marks]

c) A geneticist studying a certain quantitative trait in a group of plants measures

the following components among six generations of plants.

Generation -Mean Variance
Py 60 45
P, 50 55
Fy 58 53
F, ? 150
BC; ? 120
BC, ? 110
i.  Calculate the components m, [d] and [h]. [6 Marks]
ii.  Use these to predict the F; BC; and BC; means. [6 Marks]

iil.

Calculate the narrow and broad sense heritability for this trait. [4 Marks]

[TOTAL 25 MARKS]
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