Science Focus 1 TEST

	Chapter 1: Being a scientist


	4: Genetics



Instructions: Write answers in the right-hand column.
Score: ___________ / 124 marks

Section A—Multiple choice (25 marks)
	1 
	During one of Mendel’s experiments, true-breeding, long-stemmed pea plants were crossed with true-breeding, short-stemmed pea plants. The F1 generation was all long-stemmed plants. When these plants were cross-pollinated among themselves, their offspring occurred in the ratio:

A
long-stemmed : short-stemmed = 1 : 3

B
long-stemmed : short-stemmed = 3 : 1

C
long-stemmed : short-stemmed = 1 : 1

D
long-stemmed : short-stemmed = 1 : 0.


	B
	1

	2 
	In fruit flies, eye colour is determined by a single gene with dominant and recessive alleles. The gene for red eyes (R) is dominant over the gene for white eyes (r). Which of the following combinations of genotype and phenotype is not correct?

A
red-eyed flies with genotype RR
B
red-eyed flies with genotype Rr
C
white-eyed flies with genotype rr
D
white-eyed flies with genotype Rr

	D
	1

	3 
	Gametes are:

A
normal cells like muscle and brain cells

B
sex cells, sperm or eggs (ova)

C
another name for chromosomes

D
part of a strand of DNA.


	B
	1

	4 
	Gametes of a fruit fly have four chromosomes. The diploid number for the fruit fly is:

A
2
B
4
C
6
D
8.


	D
	1

	5 
	Gametes of a fruit fly have four chromosomes. The number of chromosomes in a non-gamete cell in the fruit fly is:

A
2
B
4
C
6
D
8.


	D
	1

	6 
	How many chromosomes are in the gametes (sperm or ova) of a human?

A
23
B
100
C
46
D
92


	A
	1

	7 
	How many chromosomes are in the ‘normal’ cells (e.g. muscle cells, brain cells, blood cells) of a human?

A
23
B
100
C
46
D
92


	C
	1

	8 
	When a cell with three pairs of chromosomes undergoes meiosis, how many types of gametes are possible?

A
3
B
4
C
6
D
8


	D
	1

	9 
	In rabbits, the gene for long hair (h) is recessive to the gene for short hair (H). When a short-haired female was mated with a long-haired male, the offspring consisted of five short-haired and three long-haired rabbits. The genotypes of the parent rabbits must be:

A
female (hh), male (HH)
B
female (HH), male (hh)

C
female (Hh), male (hh)
D
female (Hh), male (HH)

	C
	1

	10 
	In Andalusian fowls, black plumage (B) is codominant with white plumage (W). Heterozygous fowls have blue plumage. Two heterozygous fowls are mated. What are the chances that the offspring will have black plumage?

A
25 per cent
B
33 per cent
C
50 per cent
D
75 per cent


	A
	1

	11 
	The Rh blood grouping system is controlled by one gene with two alleles. The gene for Rh positive blood is dominant over the gene for Rh negative blood. Two people homozygous for Rh positive blood produce a child. What is the probability that the child will have Rh positive blood?

A
0 per cent
B
25 per cent
C
50 per cent
D
100 per cent


	D
	1

	12 
	The genotypes and phenotypes for the ABO blood grouping system are shown below. 

[image: image1.png]Genotypes and phenotypes for the ABO blood grouping
Genotype [ Y L N L N I I U U
Phenotype A A AB B B 0
(blood group)





A male with blood type A and a female with blood type O produce a child. 
The child:

A
must have blood type A
B
must have blood type O


C
may have blood type A or O
D
may have blood type B.


	C
	1

	13 
	Which of the following characteristics in humans is most likely to show continuous variation?

A
skin colour
B
albinism


C
night blindness
D
blood group


	A
	1

	14 
	Below is a pedigree showing the inheritance of a disease caused by a recessive gene.
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Which of the numbered people in generation II is a female homozygous for the disease?

A
1


B
2


C
3


D
cannot be determined from the information provided


	C
	1

	15 
	The sex of a human child is determined:

A
equally by both parents
B
the mother only


C
the father only
D
it depends on gene expression.


	C
	1

	16 
	An X-linked or sex-linked disease in humans is one that:

A
only affects females


B
only affects males


C
is caused by a gene carried on the X chromosome


D
affects the sex organs of the female.


	C
	1

	17 
	A strand of DNA has the base sequence CCTACTG. The complementary strand will have the base sequence:

A
GGATGAC
B
AAGCAGT
C
TTCGTCA
D
CCTACTG.


	A
	1

	18 
	The term ‘replication’ refers to the:

A
use of a section of DNA to code for an amino acid sequence


B
copying of a section of DNA

C
appearance of a characteristic that a section of DNA codes for

D
change in a DNA sequence caused by the action of a mutagen.


	B
	1

	19 
	A codon consists of a set of how many bases?

A
2
B
3
C
6
D
20


	B
	1

	20 
	A plasmid is a:

A
circular piece of DNA found in a bacterial cell


B
molecule containing DNA from two organisms

C
plant or animal with a new gene

D
small piece of DNA with a base sequence identical to part of a gene.


	A
	1

	21 
	The human genome:

A
contains over 100 000 genes

B
is only 90 per cent the same for all people

C
codes for around 26 thousand proteins

D
uses 90 per cent of its DNA to code for genes.


	C
	1

	22 
	Which of the following is true for both mitosis and meiosis?

A
occurs in all body cells

B
involves the replication of DNA

C
produces cells with the same number of chromosomes as the parent cell

D
produces four daughter cells per division


	B
	1

	23 
	Which of the following characteristics of an embryo is not determined by prenatal testing?

A
sex

B
presence of certain genetic diseases

C
abnormal chromosome number

D
skin and eye colour 


	D
	1

	24 
	The structure of DNA may be described as a twisted ladder. What forms the uprights of the ladder?

A
alternating sugar and phosphate units


B
nitrogen bases

C
amino acids


D
protein


	A
	1

	25 
	Recombinant DNA is a:

A
circular piece of DNA found in a bacterial cell

B
molecule containing DNA from two organisms

C
plant or animal with a new gene

D
small piece of DNA with a base sequence identical to part of a gene.


	B
	1


Section B—Written answers (99 marks)
	26 
	In terms of chromosomes, explain why a sperm or an ovum (egg) cannot possibly produce a new human on its own.
	A sperm cell has only 23 chromosomes, as does an ovum. Human cells (apart from gametes) contain 46 chromosomes. Hence a sperm cell needs to meet an ovum to give the new cell the 46 chromosomes needed.


	2

	27 
	Complete the labelling of the diagram shown using terms from the list below.

nucleus
chromosome

DNA
gene

protein
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	5

	28 
	The diagrams below show the stages occurring during a cell division.
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a
Is the cell division shown mitosis or meiosis?

b
Explain your answer for part a
c
Suggest one type of cell that might undergo the type of cell division shown above.


	a
mitosis

b
The daughter cells are identical to the parent cell.

c
skin cells (or any other non-gamete-producing cells)
	3

	29 
	Match the following with the term that best describes them:

G
homozygous

Gg
allele

GG
phenotype 

black hair
heterozygous


	G
allele

Gg
heterozygous

GG
homozygous

black hair
phenotype
	4

	30 
	With the aid of examples, explain what is meant by each of the following terms.

a
alleles

b
diploid cell

c
homozygous
	a
alternate forms of the same gene; for example, the gene for eye colour may code for blue eyes or brown eyes

b
a cell containing two of each type of chromosome; for example, human skin cells contain 23 pairs of chromosomes

c
having only one type of gene for a particular trait; for example, genotype bb for blue eyes


	6

	31 
	Use the alleles M and m in examples to show how different genotypes can give rise to the same phenotypes.


	MM, Mm and mM would have the same phenotype; mm has a different phenotype.
	3

	32 
	Mendel discovered that in pea plants the green pea pod is dominant over the yellow pea pod.

a
Using G to represent the gene for green pods, and g to represent the gene for yellow 
pods, write the genotypes for:

i
a homozygous plant with yellow pods

ii
a heterozygous plant with green pods.

b
Draw a Punnett square to represent the cross of two plants heterozygous for pod colour.


	a
i 
gg

ii
Gg
b
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	6

	33 
	In shorthorn cattle, the gene for white coat (W) is codominant with the gene for red coat (R). The heterozygous organism has a roan coat. 

a
What is the genotype of a cow with a:

i
white coat

ii
red coat?

b
A farmer wants to ensure that all his cattle have roan coats. Which type of cattle should he mate together? Explain your choice.
	a
i
WW

ii
RR
b
White cattle (WW) should be mated with red cattle (RR) to ensure that all offspring have 
the genotype RW (roan coat). 


	4

	34 
	During a practical class, a student wanted to model inheritance using a number of coloured beads placed in two bags. Beads would be drawn from each bag to represent the combination of genes occurring during zygote formation. There are 30 blue beads and 30 pink beads. 

Explain how these beads would need to be arranged in two bags to represent the cross of a homozygous organism with a heterozygous organism. 


	Bag 1 must contain only one colour bead (the homozygous organism); for example, 20 pink beads.

Bag 2 must contain equal numbers of each colour bead (the heterozygous organism); for example, 10 pink and 10 blue beads. 
	4

	35 
	Explain the meaning of each of the following symbols used in pedigrees.

a
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b
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c
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d
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e
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	a
male with the inherited characteristic

b
mating of a male and female

c
female without the inherited characteristic

d
deceased male

e
identical twin boys
	5

	36 
	The pedigree below shows the inheritance of a disease caused by a recessive gene (g). Those with the dominant gene (G) do not show the disease.
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a
What is the genotype of an individual:


i
with the disease


ii
heterozygous and without 

the disease?

b
What are the genotypes of each of the following individuals?


i
generation I female 


ii
generation II number 3


iii
generation III male


iv
generation IV number 2

c
Explain how you arrived at your answer in question b, part i, above.


	a
i
gg 


ii
Gg 

b
i
Gg 


ii
gg 


iii
Gg 


iv 
Gg
c
The female does not show the disease and is therefore either GG or Gg. She has produced 
a son and a daughter with the disease. They must have the genotype gg. Therefore she 
must have contributed a g.
	8

	37 
	a
In terms of chromosomes, what is the difference between a male and a female?

b
Explain why you would expect half the children born in the world to be female.


	a
Males have one X and one Y chromosome. Females have two X chromosomes.

b
Each sperm cell has an equal chance of carrying an X or a Y chromosome. Each zygote therefore has an equal chance of 
receiving an X or a Y chromosome. Therefore each child born has an equal 
chance of being a female (XX) or a male (XY).


	4

	38 
	Haemophilia is an X-linked recessive disease. The symbols used to show the relevant genes are XS for the normal gene on the X chromosome, and Xs for the recessive gene on the X chromosome.

a
State the possible genotypes of a:


i
haemophiliac male


ii
non-haemophiliac male


iii
non-haemophiliac female.

b
A female may be a ‘carrier’ of the disease. 

i
What is meant by the term ‘carrier’?

ii
What is the genotype of a ‘carrier’?


	a
i
XsY


ii 
XSY


iii
XSXs  or XSXS

b
i
She has the gene for the 

disease but does not show 

the disease.


ii
XSXs
	6

	39 
	a
What do the letters DNA stand for?

b
What do the letters A, C, T and G stand for in a DNA base sequence?


	a
deoxyribonucleic acid

b
adenine, cytosine, thymine and guanine
	5

	40 
	With the aid of a labelled diagram, explain how the bases sequence of DNA directs formation of a protein strand.
	Each set of three bases (a codon) codes for an amino acid. Amino acids are joined together to form a protein strand.

[image: image13.png]Amino acids make up a protein.

protein
strand

l

e e e e ey

@ @ [A] 4]
Il B B B B B B EE BB
DNA strand |

3 bases form a codon






	5

	41 
	Most of the proteins made by cells are enzymes. What is the function of enzymes?
	They are biological catalysts that direct the chemical activities of cells.
	2

	42 
	Explain the meaning of: 

a
gene expression

b
gene technology.


	a
the appearance in an organism of the characteristic for which the gene codes

b
the manipulation of the DNA within an organism


	2

	43 
	a
What is a mutation?

b
Give two examples of mutagens.
	a
a spontaneous change in a gene or chromosome that may produce a change in the characteristic for which it codes

b
for example, X-rays, benzene


	3

	44 
	State three arguments:

a
for the use of genetically modified foods

b
against the use of genetically modified foods 


	Examples:

a
increased food production due to better disease management, reduced use of pesticides due to increased pest resistance, 
more nutritious and cheaper foods

b
plants with inbuilt pesticides may kill non-
pest insects, creation of ‘superweeds’, 
increased costs to farmers due to 
multinational companies owning rights to GM crops


	6

	45 
	The diagram below shows the stages involved in gene technology using recombinant DNA. Explain what is happening in stage:

a
2

b
4

c
5

d
7
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	a
Plasmids are cut using an enzyme.

b
DNA is cut using an enzyme to isolate a gene.

c
Human gene is inserted into the plasmid to form recombinant DNA.

d
Bacterial cells grow and divide to produce many copies of the introduced gene.
	4

	46 
	In 2000 Australia’s first cloned merino sheep (Matilda) was born. Cloning refers to the production of an organism from a single cell, but the technique used to produce Matilda involved the fusion of two cells. 

a
Describe these two cells.

b
Explain why Matilda was genetically identical to the ‘donor’ sheep.


	a
One cell comes from the ‘donor’ sheep. The other is an egg cell that has its DNA removed.

b
Only DNA from the ‘donor’ sheep is used. The other cell contains no DNA.
	4

	47 
	a
What is a gene probe?

b
Describe one use of gene probes.


	a
a small piece of DNA with a base sequence identical to part of a gene

b
for example, in prenatal testing to determine whether or not a genetic disease due to a defective gene is present


	3

	48 
	Life insurance and private health insurance companies would like to gain access to your DNA. Suggest why.


	Your DNA would contain information regarding genetic disorders or weaknesses that might make you prone to contracting diseases in the future. They could deny you cover if your DNA showed you were too high a risk.


	2

	49 
	Suppose you could clone your pet guinea pig. Would the clone be identical to your pet? Explain your answer.

	The clone would be genetically identical and would therefore have the same features. It may, however, develop differences due to environmental factors such as diet.


	3
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