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Unit 3 — Continuity of species

Unit 3 — Heredity

Section 1
2023 Which of the following are broken as a normal part of DNA replication?
Section 1
Question 4 | (a) hydrogen bonds between complementary bases
(b) nitrogen bonds between complementary bases
Heredity (c) phosphodiester bonds between adjacent nucleotides
(d) phosphate bonds between adjacent nucleotides
2023 Which of the following is a type of physical mutagen?
Section 1
Question 7 | (a) alkylating agent
(b) base analogue
Heredity (c) UV light
(d) transposable element

2023 Polymerase chain reaction (PCR) is a laboratory procedure used in DNA sequencing. PCR mimics
Section 1 cellular
Question

10 (a) DNA replication.
(b) DNA repair.
Heredity (c) transcription.
(d) translation.

2023 Crossing-over is the exchange of
Section 1
Question (a) genes between homologous chromosomes.

12 (b) genes between autosomal chromosomes.
(c) alleles between homologous chromosomes.
Heredity (d) alleles between autosomal chromosomes.

2023 In watermelons, fruit bitterness is determined by two alleles at a gene where the allele for bitter fruit
Section 1 is dominant to the allele for sweet fruit. What is the probability that a cross between two plants that
Question | are heterozygous for these alleles will produce an offspring with bitter fruit?

21
(a) 0.25
Heredity (b) 0.50
(c)0.75
(d) 1.00

2023 In snapdragons, flower colour is determined by the alleles at a gene. Crosses between plants with
Section 1 white flowers and plants with red flowers yield plants with pink flowers. Crosses between plants with
Question pink flowers yield some plants with red flowers, some with pink and some with white. On this basis,

28 how many alleles are involved in determining flower colour in snapdragons at this gene?
Heredity (a) 4
(b) 3
(c)2
(d) 1

Unit 3 — Heredity — Section 1
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2023

The following pedigree chart shows the inheritance of nephritis in dogs. A filled symbol indicates

Section 1 that the dog has nephritis. Use the pedigree chart to answer questions 29 and 30.
Question
29-30
, O——1
Heredity
1 2
| | | |
 ele el e
1 2 3 4 5 6 7 8 9
Individual
(a) 112 is a female that does not have nephritis.
(b) 114 is a female with nephritis.
(c) 116 inherited nephritis from its mother.
(d) 118 inherited nephritis from its father.
The information in the pedigree chart suggests that nephritis in dogs is most likely caused by a
(a) dominant autosomal allele.
(b) dominant sex-linked allele.
(c) recessive autosomal allele.
(d) recessive sex-linked allele.
2022 If 28% of the bases in a DNA molecule are cytosine, what percentage will be adenine?
Section 1
Question 1 | (a) 22
(b) 28
Heredity (c) 44
(d) 56
2022 In a plant cell, DNA occurs in the
Section 1
Question 5 | (a) nucleus only.
(b) nucleus and chloroplasts only.
Heredity (c) nucleus, chloroplasts and mitochondria only.

(d) nucleus, chloroplasts, mitochondria and ribosomes.

Unit 3 — Heredity — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 5



2022 The diagram below shows four steps in the division of a bacterial cell. The steps | to IV are not
Section 1 labelled in the correct order. Use this information to answer Questions 10 and 11.
Question
10-11

Heredity | |

]

10. The process shown in the diagram is

(a) mitosis.

(b) independent assortment.
(c) binary fission.

(d) fertilisation.

11. Which of the following lists the steps in the diagram in the order in which they occur in the
division of the bacterial cell?

(@) I, 1, 1v, 1
(b) I, 11, 1, 1V
(c) IV, 1IIL, 10, 1
(d) I, 1V, 11,1
2022 The haploid number of chromosomes in an orangutan is 24. How many chromosomes will be
Section 1 present in the sperm cell of an orangutan?
Question
16 (a) 12
(b) 24
Heredity (c) 48
(d) 60
2022 Which of the following statements about meiosis is correct?
Section 1
Question (a) Both crossing over and independent assortment of chromosomes occur during meiosis |.
17 (b) Both crossing over and independent assortment of chromosomes occur during meiosis 1.

(c) Crossing over occurs during meiosis | and independent assortment of chromosomes occurs
Heredity during meiosis Il.
(d) Crossing over occurs during meiosis |l and independent assortment of chromosomes occurs
during meiosis |.

Unit 3 — Heredity — Section 1
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2022

The table below shows the mRNA codons for four amino acids. Use this information to answer

Section 1 Question 26.
Question
26 Amino acid mRNA codon
Heredity Methionine AUG
Histidine CAU
Asparagine GAU
Valine GUA
Which amino acid is specified by the DNA codon GTA?
(a) valine
(b) asparagine
(c) methionine
(d) histidine
2022 Plant breeders sometimes expose plant seeds to X-rays. This is done to
Section 1
Question (a) remove the seed coat to stimulate seed germination.
27 (b) induce mutations to create different plant varieties.
(c) activate hormones to improve seedling growth.
Heredity (d) preserve seeds for long-term storage in seed banks.
2022 A dog has an extra chromosome in all its cells. The mutation that caused this most likely occurred in
Section 1 a
Question
29 (a) cell undergoing meiosis in the dog.
(b) cell undergoing mitosis in the dog.
Heredity (c) germ cell in one of the dog’s parents.
(d) somatic cell in one of the dog’s parents.
2021 The nucleotide sequence of a DNA template is 5-CCAGTTCCA-3'. The nucleotide sequence of the
Section 1 | corresponding mRNA transcript is
Question 4
(a) 5-GGUCAAGGU-3..
Heredity (b) 3-GGUCAAGGU-5'.
(c) 5-GGTCUUGGT-3'.
(d) 3-GGTCUUGGT-5'.
2021 Random assortment of chromosomes occurs in
Section 1
Question 5 | (a) binary fission.
(b) fertilisation.
Heredity (c) mitosis.
(d) meiosis.

Unit 3 — Heredity — Section 1
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2021

The figure below shows the structure of DNA. Use this figure to answer questions 9 and 10.

Section 1
Question 9 | 9. What type of chemical bond is indicated by X?
Heredity (a) oxygen
(b) carbon
(c) hydrogen
(d) nitrogen
10. The structure indicated by Y is a
(a) deoxyribose sugar.
(b) phosphate group.
(c) nitrogenous base.
(d) nucleotide.

2021 Chromosomes in the nucleus are usually
Section 1
Question (a) linear and contain a DNA molecule that is shorter than the chromosome.

19 (b) linear and contain a DNA molecule that is longer than the chromosome.
(c) circular and contain a DNA molecule that is shorter than the chromosome.
Heredity (d) circular and contain a DNA molecule that is longer than the chromosome.

2021 A type of pea plant can have red or purple flowers. The table below shows the flower colour of
Section 1 parental plants and their offspring for five different crosses. Use this information to answer questions
Question | 21 to 23.

21-23
Heredity Cross Male Parent Female Parent Offspring

1 red red all red

2 red purple all purple

3 purple red all purple

4 purple red some with red and some with purple
5 ? purple some with red and some with purple

21. What type of trait is red flower colour in the pea plants?

(a) autosomal dominant
(b) sex-linked dominant
(c) autosomal recessive
(d) sex-linked recessive

22. Which of the following most likely represents the number of plants with red flowers and the
number of plants with purple flowers in the offspring of Cross 47?

(a) 60 red and 24 purple
(b) 36 red and 38 purple
(c) 22 red and 62 purple
(d) 8 red and 72 purple

23. Which of the following statements about Cross 5 is correct?

(a) The female parent could be a homozygote for the dominant allele.
(b) The male parent could be a heterozygote with red flowers.

(c) The male parent could be a homozygote with purple flowers.

(d) The male parent could be a homozygote with red flowers.

Unit 3 — Heredity — Section 1
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2020 A mRNA molecule has the following sequence — CUUUCUGAAAUU. The number of codons in this
Section 1 molecule is
Question
1 (a) 0.
(b) 3.
Heredity (c) 4.
(d) 12.
2020 The table below shows the amino acid that corresponds to each mRNA codon. Use this code to
Section 1 answer Questions 12 to 14.
Question
12-14 et 2nd position "
Heredity position U C A G position
Phe Ser Tyr Cys u
U Phe Ser Tyr Cys C
Leu Ser stop stop A
Leu Ser stop Trp G
Leu Pro His Arg u
C Leu Pro His Arg C
Leu Pro Gin Arg A
Leu Pro Gin Arg G
lle Thr Asn Ser U
A lle Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G
Amino Acids
Ala: Alanine GIn: Glutamine Leu: Leucine Ser: Serine
Arg: Arginine Glu: Glutamic acid Lys: Lysine Thr: Threonine
Asn: Asparagine Gly: Glycine Met: Methionine Trp: Tryptophane
Asp: Aspartic acid  His: Histidine Phe: Phenylalanine Tyr: Tyrosine
Cys: Cysteine lle: Isoleucine Pro: Proline Val: Valine

12. The sequence of amino acids in a protein that is made from the mRNA molecule in Question 11
is

(a) leucine, serine, glutamic acid, isoleucine.
(b) leucine, proline, histidine, arginine.

(c) phenylalanine, serine, tyrosine, cysteine.
(d) phenylalanine, leucine, methionine, valine.

13. Which of the following anticodons on a tRNA molecule would add the amino acid ‘histidine’ to a
protein?

(a) CAU
(b) CAG
(c) GUA
(d) GUU

14. A mutation changes the sequence of a DNA molecule from GAA AGA CTT TAA to GAA AGA
CTC TAA. This mutation will change

(a) the sequence of nucleotides in the mRNA molecule and of amino acids in the protein.
(b) the sequence of nucleotides in the mRNA molecule but not of amino acids in the protein.
(c) the sequence of amino acids in the protein but not of nucleotides in the mRNA.

(d) neither the sequence of nucleotides in the mRNA nor amino acids in the protein.

Unit 3 — Heredity — Section 1
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2020 Muscular dystrophy in golden retriever dogs is caused by a mutation of the dystrophin gene. It is
Section 1 much more common in male golden retrievers than females. On this basis, what type of condition is
Question | muscular dystrophy in golden retrievers?

16
(a) sex-linked dominant
Heredity (b) sex-linked recessive
(c) autosomal dominant
(d) autosomal recessive

2020 Which of the following processes generates genetic variation in bacteria and viruses?
Section 1
Question | (a) binary fission

23 (b) fertilisation
(c) meiosis
Heredity (d) mutation

2020 The genetic material of a virus contains 1996 adenine, 2131 guanine, 1642 uracil and 2365 cytosine
Section 1 bases. This suggests that the genetic material of the virus is
Question

27 (a) single-stranded DNA.
(b) single-stranded RNA.

Heredity (c) double-stranded DNA.
(d) double-stranded RNA.

2020 Two alleles, Y7 and Y2, are present for the agouti gene in mice. Mice that are homozygous for the
Section 1 Y1 allele have black fur, mice that have both the Y7 and Y2 alleles (i.e. heterozygotes) have yellow
Question fur, and mice that are homozygous for the Y2 allele die before being born. Two yellow mice were

28-29 mated repeatedly to produce multiple litters. Use this information to answer Questions 28 and 29.
Heredity 28. The proportion of offspring that die before being born is expected to be

(a) 0.25.
(b) 0.33.
(c) 0.50
(d) 0.67
29. The proportion of surviving offspring that have yellow fur is expected to be
(a) 0.25
(b) 0.33.
(c) 0.50.
(d) 0.67
2019 A strand of DNA has the nucleotide sequence AGGTCT. The nucleotide sequence of the
Section 1 complementary strand of DNA is
Question 2
(a) AGGTCT.
Heredity (b) AGGUCU.
(c) TCCUGU.
(d) TCCAGA.
2019 Circular DNA that is not bound to proteins is typically found in
Section 1
Question 5 | (a) mitochondria.
(b) nuclei.
Heredity (c) ribosomes.
(d) vacuoles.

Unit 3 — Heredity — Section 1
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2019

Which of the following statements about the movement of DNA fragments through an agarose gel is

Section 1 correct?

Question 8
(a) Larger fragments move faster than smaller fragments because it is easier for them to move

Heredity through the gel.

(b) Larger fragments move faster than smaller fragments because they have a higher negative
charge.
(c) Smaller fragments move faster than larger fragments because it is easier for them to move
through the gel.
(d) Smaller fragments move faster than larger fragments because they have a lower negative
charge.

2019 Like mammals, the fruit fly Drosophila has an XY system of sex determination. Drosophila usually
Section 1 have large, round eyes, but a dominant allele at the Bar gene on the X chromosome causes small,
Question narrow eyes, called ‘Bar eyes’. If a male with Bar eyes is crossed with a female with normal eyes,

10 then
Heredity (a) half of the female offspring will have Bar eyes but none of the males.
(b) half of the male offspring will have Bar eyes but none of the females.
(c) all of the male and female offspring will have Bar eyes.
(d) all of the female offspring will have Bar eyes but none of the males.

2019 Questions 11 and 12 relate to the diagram of a RNA molecule below.
Section 1
Question

11-12
Heredity

11. The structure at location 3 is

(a) aribose sugar.
(b) mRNA.

(c) an anticodon.
(d) a codon.

12. An amino acid will attach to this molecule at location

)1.
) 2.
) 3.
) 4.

(oMo JRo N ]

(
(
(
(

Unit 3 — Heredity — Section 1
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2019 The early evolution and diversification of eukaryotes required increasing amounts of which of the
Section 1 following gases in the atmosphere?
Question
17 (a) oxygen
(b) carbon dioxide
Heredity (c) hydrogen
(d) nitrogen
2019 22. A mutation in a DNA sequence results in the substitution of one amino acid for another in a
Section 1 protein product. This mutation has produced a new
Question
22 (a) allele.
(b) chromosome.
Heredity (c) gene.
(d) species.
2019 Variation in the height of pea plants is discontinuous. Variation in the height of wheat plants is
Section 1 continuous. This suggests that height in pea plants is controlled by
Question
23 (a) a recessive allele, whereas height in wheat plants is controlled by a dominant allele.
(b) a dominant allele, whereas height in wheat plants is controlled by a recessive allele.
Heredity (c) multiple genes, whereas height in wheat plants is controlled by a single gene.
(d) a single gene, whereas height in wheat plants is controlled by multiple genes.

Unit 3 — Heredity — Section 1
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Section 2

2023 (a) DNA occurs in three organelles in plant cells. Identify these organelles. (3 marks)
Section 2
Question
32 One:

Heredity Two:

Three:

(b) (i) Identify the process by which bacterial cells reproduce. (1 mark)

(ii) List the four main steps in the process in part (b)(i) above. (4 marks)

One:

Two:

Three:

Four:

Unit 3 — Heredity — Section 2
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After DNA was discovered, three models of DNA replication (conservative, semi-conservative and
dispersive) were proposed. These three models are shown in the diagram below, where the original
DNA is shown in grey and newly synthesised DNA is shown in white.

Suggested models of DNA replication

AN
T
|~
)
o,

Conservative Semi-conservative Dispersive

(c) (i) Distinguish between the three different models of DNA replication. (3 marks)

(i) Ultimately one of the models was shown to be correct. Identify the correct model. (1 mark)

Unit 3 — Heredity — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 14



A biologist analysed the base composition of a DNA molecule and a mRNA molecule. The analysis
showed that the number of cytosine bases was the same as the number of guanine bases in the
DNA molecule but not in the mRNA molecule.

(d) Explain why the number of cytosine bases was the same as the number of guanine bases in the
DNA molecule but not in the mRNA molecule. (4 marks)

Rabbits with a coat colour pattern called Himalayan have white fur on their body and black fur on
their paws and ears if they are exposed to cold temperature when born. However, the same rabbits
would be all white if they had not been exposed to cold temperatures.

(e) Explain the reasons for this difference in colouring. (5 marks)

Unit 3 — Heredity — Section 2
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2023
Section 2
Question

33

Heredity

Biologists measured the duration of meiosis (in minutes) at different environmental temperatures in
two plant species. The results are given in the table below.

Duration of meiosis in the common bluebell and red trillium at different environmental
temperatures

Copyright restrictions prohibit the release of this SCSA exam material.
A -’ indicates that no data are available for the species at that temperature.

(a) Graph the duration of meiosis against environmental temperature for both species. (6 marks)

(b) (i) Using your graph, estimate the duration of meiosis in the common bluebell at 2 °C. (1 mark)

(i) Using your graph, estimate the duration of meiosis in red trillium at 20 °C. (1 mark)

(iii) State which estimate you have the most confidence in. Justify your response. (2 marks)

Unit 3 — Heredity — Section 2
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(c) (i) List two similarities between meiosis and mitosis. (2 marks)

One:

Two:

(i) Outline one difference between meiosis | and meiosis Il. (2 marks)

(d) The haploid number of chromosomes in the Musk ox is 24. Indicate how many chromosomes will
occur in a skin cell of a Musk ox. Justify your response. (3 marks)

(e) Most Banksia plants have a chromosome number of 2n = 28. Explain how an error in meiosis
could generate an individual with 29 chromosomes. (4 marks)

Unit 3 — Heredity — Section 2
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2022
Section 2
Question

31

Heredity

Some biologists believe that RNA, rather than DNA, played a critical role in the evolution of life on
Earth.

(a) (i) Approximately when did life first evolve on Earth? (1 mark)

(ii) List three structural properties of an RNA molecule. (3 marks)

All living organisms essentially use the same genetic code.
(b) (i) Define the term ‘genetic code’. (1 mark)

(i) Outline how the fact that all living organisms use essentially the same genetic code provides
evidence for evolution. (2 marks)

All cells need to synthesise proteins to function and reproduce
(c) State the role that each of the following plays in protein synthesis. (5 marks)

RNA polymerase:

Transcription:

Anticodon:

Unit 3 — Heredity — Section 2
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Ribosome:

Amino acid:

Life on Earth has diversified and changed over time. Mutation has played an important role in this
evolution.

(d) (i) Define the term ‘mutation’. (1 mark)

(ii) List three distinctly different causes of mutation. (3 marks)

(e) Explain the role that mutation has played in diversifying life on Earth. (4 marks)

Unit 3 — Heredity — Section 2
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2022
Section 2
Question

31

Heredity

Some biologists believe that RNA, rather than DNA, played a critical role in the evolution of life on
Earth.

(a) (i) Approximately when did life first evolve on Earth? (1 mark)

(ii) List three structural properties of an RNA molecule. (3 marks)

All living organisms essentially use the same genetic code.
(b) (i) Define the term ‘genetic code’. (1 mark)

(i) Outline how the fact that all living organisms use essentially the same genetic code provides
evidence for evolution. (2 marks)

All cells need to synthesise proteins to function and reproduce
(c) State the role that each of the following plays in protein synthesis. (5 marks)

RNA polymerase:

Transcription:

Anticodon:

Unit 3 — Heredity — Section 2
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Ribosome:

Amino acid:

Life on Earth has diversified and changed over time. Mutation has played an important role in this
evolution.

(d) (i) Define the term ‘mutation’. (1 mark)

(ii) List three distinctly different causes of mutation. (3 marks)

(e) Explain the role that mutation has played in diversifying life on Earth. (4 marks)

Unit 3 — Heredity — Section 2
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2019
Section 2
Question

35

Heredity

(a) (i) State two similarities between binary fission and mitosis. (2 marks)

One:

Two:

(ii) State two differences between binary fission and mitosis. (2 marks)

One:

Two:

(b) Explain the role of fertilisation in sexual reproduction. (4 marks)

(c) (i) Outline how crossing over creates genotypic variation. (2 marks)

(i) Outline how independent assortment creates genotypic variation. (2 marks)

Unit 3 — Heredity — Section 2
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The following diagram shows the structure of a DNA molecule before and after exposure to
ultraviolet (UV) light.

Before: After:

Incoming UV light

(d) Describe the effect that UV light has on DNA structure. (4 marks)

(e) Explain why mutation is the ultimate source of genetic variation. (4 marks)

Unit 3 — Heredity — Section 2
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Marking Guide — Section 1

2023 Which of the following are broken as a normal part of DNA replication?
Section 1
Question 4 | (a) hydrogen bonds between complementary bases — Answer
(b) nitrogen bonds between complementary bases
Heredity (c) phosphodiester bonds between adjacent nucleotides
(d) phosphate bonds between adjacent nucleotides

2023 Which of the following is a type of physical mutagen?
Section 1
Question 7 | (a) alkylating agent
(b) base analogue
Heredity (c) UV light — Answer
(d) transposable element

2023 Polymerase chain reaction (PCR) is a laboratory procedure used in DNA sequencing. PCR mimics
Section 1 cellular
Question
10 (a) DNA replication. — Answer

(b) DNA repair.
Heredity (c) transcription.
(d) translation.

2023 Crossing-over is the exchange of
Section 1
Question (a) genes between homologous chromosomes.
12 (b) genes between autosomal chromosomes.

(c) alleles between homologous chromosomes. — Answer
Heredity (d) alleles between autosomal chromosomes.

2023 In watermelons, fruit bitterness is determined by two alleles at a gene where the allele for bitter fruit
Section 1 is dominant to the allele for sweet fruit. What is the probability that a cross between two plants that
Question | are heterozygous for these alleles will produce an offspring with bitter fruit?

21
(a) 0.25
Heredity (b) 0.50
(c) 0.75 — Answer
(d) 1.00

2023 In snapdragons, flower colour is determined by the alleles at a gene. Crosses between plants with
Section 1 white flowers and plants with red flowers yield plants with pink flowers. Crosses between plants with
Question pink flowers yield some plants with red flowers, some with pink and some with white. On this basis,

28 how many alleles are involved in determining flower colour in snapdragons at this gene?

Heredity (a) 4
(b) 3
(c) 2 - Answer
(d) 1
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2023

The following pedigree chart shows the inheritance of nephritis in dogs. A filled symbol indicates

Section 1 that the dog has nephritis. Use the pedigree chart to answer questions 29 and 30.
Question
29-30
| ( )——-
Heredity y 2
| | | |
 ele el e
1 2 3 4 5 6 7 8 9
Individual
(a) 112 is a female that does not have nephritis.
(b) 114 is a female with nephritis. — Answer
(c) 116 inherited nephritis from its mother.
(d) 118 inherited nephritis from its father.
The information in the pedigree chart suggests that nephritis in dogs is most likely caused by a
(a) dominant autosomal allele.
(b) dominant sex-linked allele. — Answer
(c) recessive autosomal allele.
(d) recessive sex-linked allele.
2022 If 28% of the bases in a DNA molecule are cytosine, what percentage will be adenine?
Section 1
Question 1 | (a) 22 — Answer
(b) 28
Heredity (c) 44
(d) 56
2022 In a plant cell, DNA occurs in the
Section 1
Question 5 | (a) nucleus only.
(b) nucleus and chloroplasts only.
Heredity (c) nucleus, chloroplasts and mitochondria only. — Answer

(d) nucleus, chloroplasts, mitochondria and ribosomes.
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2022 The diagram below shows four steps in the division of a bacterial cell. The steps | to IV are not
Section 1 labelled in the correct order. Use this information to answer Questions 10 and 11.
Question
10-11

Heredity | |

]

10. The process shown in the diagram is

(a) mitosis.

(b) independent assortment.
(c) binary fission. — Answer
(d) fertilisation.

11. Which of the following lists the steps in the diagram in the order in which they occur in the
division of the bacterial cell?

(a) I, I, IV, 1 — Answer
(b) I, 11, 1, 1V
(c) IV, IIL, 11, 1
(d) I, 1V, 11,1
2022 The haploid number of chromosomes in an orangutan is 24. How many chromosomes will be
Section 1 present in the sperm cell of an orangutan?
Question
16 (a) 12

(b) 24 — Answer
Heredity (c) 48

(d) 60
2022 Which of the following statements about meiosis is correct?
Section 1
Question (a) Both crossing over and independent assortment of chromosomes occur during meiosis I.
17 — Answer

(b) Both crossing over and independent assortment of chromosomes occur during meiosis 1.
Heredity (c) Crossing over occurs during meiosis | and independent assortment of chromosomes occurs
during meiosis II.

(d) Crossing over occurs during meiosis |l and independent assortment of chromosomes occurs
during meiosis |.
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2022

The table below shows the mRNA codons for four amino acids. Use this information to answer

Section 1 Question 26.
Question
26 Amino acid mRNA codon
Heredity Methionine AUG
Histidine CAU
Asparagine GAU
Valine GUA
Which amino acid is specified by the DNA codon GTA?
(a) valine
(b) asparagine
(c) methionine
(d) histidine — Answer
2022 Plant breeders sometimes expose plant seeds to X-rays. This is done to
Section 1
Question (a) remove the seed coat to stimulate seed germination.
27 (b) induce mutations to create different plant varieties. — Answer
(c) activate hormones to improve seedling growth.
Heredity (d) preserve seeds for long-term storage in seed banks.
2022 A dog has an extra chromosome in all its cells. The mutation that caused this most likely occurred in
Section 1 a
Question
29 (a) cell undergoing meiosis in the dog.
(b) cell undergoing mitosis in the dog.
Heredity (c) germ cell in one of the dog’s parents. — Answer
(d) somatic cell in one of the dog’s parents.
2021 The nucleotide sequence of a DNA template is 5-CCAGTTCCA-3'. The nucleotide sequence of the
Section 1 corresponding mRNA transcript is
Question 4
(a) 5-GGUCAAGGU-3..
Heredity (b) 3’-GGUCAAGGU-5’. — Answer
(c) 5-GGTCUUGGT-3'.
(d) 3-GGTCUUGGT-5'.
2021 Random assortment of chromosomes occurs in
Section 1
Question 5 | (a) binary fission.
(b) fertilisation.
Heredity (c) mitosis.

(d) meiosis. — Answer
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2021

The figure below shows the structure of DNA. Use this figure to answer questions 9 and 10.

Section 1
Question 9 | 9. What type of chemical bond is indicated by X?
Heredity (a) oxygen
(b) carbon
(c) hydrogen — Answer
(d) nitrogen
10. The structure indicated by Y is a
(a) deoxyribose sugar. — Answer
(b) phosphate group.
(c) nitrogenous base.
(d) nucleotide.

2021 Chromosomes in the nucleus are usually
Section 1
Question (a) linear and contain a DNA molecule that is shorter than the chromosome.

19 (b) linear and contain a DNA molecule that is longer than the chromosome. — Answer
(c) circular and contain a DNA molecule that is shorter than the chromosome.
Heredity (d) circular and contain a DNA molecule that is longer than the chromosome.

2021 A type of pea plant can have red or purple flowers. The table below shows the flower colour of
Section 1 parental plants and their offspring for five different crosses. Use this information to answer questions
Question | 21 to 23.

21-23
Heredity Cross Male Parent Female Parent Offspring

1 red red all red

2 red purple all purple

3 purple red all purple

4 purple red some with red and some with purple
5 ? purple some with red and some with purple

21. What type of trait is red flower colour in the pea plants?

(a) autosomal dominant
(b) sex-linked dominant
(c) autosomal recessive — Answer
(d) sex-linked recessive

22. Which of the following most likely represents the number of plants with red flowers and the
number of plants with purple flowers in the offspring of Cross 47?

(a) 60 red and 24 purple

(b) 36 red and 38 purple — Answer
(c) 22 red and 62 purple

(d) 8 red and 72 purple

23. Which of the following statements about Cross 5 is correct?

(a) The female parent could be a homozygote for the dominant allele.

(b) The male parent could be a heterozygote with red flowers.

(c) The male parent could be a homozygote with purple flowers.

(d) The male parent could be a homozygote with red flowers. — Answer
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2020 A mRNA molecule has the following sequence — CUUUCUGAAAUU. The number of codons in this
Section 1 molecule is

Question
1 (a) 0.
(b) 3.
Heredity (c) 4. — Answer
(d) 12.
2020 The table below shows the amino acid that corresponds to each mRNA codon. Use this code to
Section 1 answer Questions 12 to 14.
Question
12-14 et 2nd position "
Heredity position U C A G position
Phe Ser Tyr Cys u
U Phe Ser Tyr Cys C
Leu Ser stop stop A
Leu Ser stop Trp G
Leu Pro His Arg u
C Leu Pro His Arg C
Leu Pro Gin Arg A
Leu Pro Gin Arg G
lle Thr Asn Ser U
A lle Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G
Amino Acids
Ala: Alanine GIn: Glutamine Leu: Leucine Ser: Serine
Arg: Arginine Glu: Glutamic acid Lys: Lysine Thr: Threonine
Asn: Asparagine  Gly: Glycine Met: Methionine Trp: Tryptophane
Asp: Aspartic acid His: Histidine Phe: Phenylalanine Tyr: Tyrosine
Cys: Cysteine lle: Isoleucine Pro: Proline Val: Valine

12. The sequence of amino acids in a protein that is made from the mRNA molecule in Question 11
is

(a) leucine, serine, glutamic acid, isoleucine. — Answer
(b) leucine, proline, histidine, arginine.

(c) phenylalanine, serine, tyrosine, cysteine.

(d) phenylalanine, leucine, methionine, valine.

13. Which of the following anticodons on a tRNA molecule would add the amino acid ‘histidine’ to a
protein?

(a) CAU
(b) CAG
(c) GUA - Answer
(d) GUU

14. A mutation changes the sequence of a DNA molecule from GAA AGA CTT TAA to GAA AGA
CTC TAA. This mutation will change

(a) the sequence of nucleotides in the mRNA molecule and of amino acids in the protein.

(b) the sequence of nucleotides in the mRNA molecule but not of amino acids in the protein.
— Answer

(c) the sequence of amino acids in the protein but not of nucleotides in the mRNA.

(d) neither the sequence of nucleotides in the mRNA nor amino acids in the protein.
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2020

Muscular dystrophy in golden retriever dogs is caused by a mutation of the dystrophin gene. It is

Section 1 much more common in male golden retrievers than females. On this basis, what type of condition is
Question muscular dystrophy in golden retrievers?
16
(a) sex-linked dominant
Heredity (b) sex-linked recessive — Answer
(c) autosomal dominant
(d) autosomal recessive

2020 Which of the following processes generates genetic variation in bacteria and viruses?
Section 1
Question | (a) binary fission

23 (b) fertilisation
(c) meiosis
Heredity (d) mutation — Answer

2020 The genetic material of a virus contains 1996 adenine, 2131 guanine, 1642 uracil and 2365 cytosine
Section 1 bases. This suggests that the genetic material of the virus is
Question

27 (a) single-stranded DNA.
(b) single-stranded RNA. — Answer

Heredity (c) double-stranded DNA.

(d) double-stranded RNA.

2020 Two alleles, Y7 and Y2, are present for the agouti gene in mice. Mice that are homozygous for the
Section 1 Y1 allele have black fur, mice that have both the Y7 and Y2 alleles (i.e. heterozygotes) have yellow
Question fur, and mice that are homozygous for the Y2 allele die before being born. Two yellow mice were

28-29 mated repeatedly to produce multiple litters. Use this information to answer Questions 28 and 29.
Heredity 28. The proportion of offspring that die before being born is expected to be

(a) 0.25. — Answer

(b) 0.33.

(c) 0.50.

(d) 0.67.

29. The proportion of surviving offspring that have yellow fur is expected to be
(a) 0.25.

(b) 0.33.

(c) 0.50.

(d) 0.67. — Answer

2019 A strand of DNA has the nucleotide sequence AGGTCT. The nucleotide sequence of the

Section 1 complementary strand of DNA is
Question 2
(a) AGGTCT.
Heredity (b) AGGUCU.
(c) TCCUGU.
(d) TCCAGA. — Answer
2019 Circular DNA that is not bound to proteins is typically found in
Section 1
Question 5 | (a) mitochondria. — Answer
(b) nuclei.
Heredity (c) ribosomes.

(d) vacuoles.
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2019 Which of the following statements about the movement of DNA fragments through an agarose gel is
Section 1 correct?
Question 8
(a) Larger fragments move faster than smaller fragments because it is easier for them to move
Heredity through the gel.
(b) Larger fragments move faster than smaller fragments because they have a higher negative
charge.
(c) Smaller fragments move faster than larger fragments because it is easier for them to
move through the gel. — Answer
(d) Smaller fragments move faster than larger fragments because they have a lower negative
charge.

2019 Like mammals, the fruit fly Drosophila has an XY system of sex determination. Drosophila usually
Section 1 have large, round eyes, but a dominant allele at the Bar gene on the X chromosome causes small,
Question | narrow eyes, called ‘Bar eyes’. If a male with Bar eyes is crossed with a female with normal eyes,

10 then

Heredity (a) half of the female offspring will have Bar eyes but none of the males.

(b) half of the male offspring will have Bar eyes but none of the females.

(c) all of the male and female offspring will have Bar eyes.

(d) all of the female offspring will have Bar eyes but none of the males. — Answer

2019 Questions 11 and 12 relate to the diagram of a RNA molecule below.
Section 1
Question

11-12

Heredity

11. The structure at location 3 is

(a) aribose sugar.

(b) mRNA.

(c) an anticodon. — Answer
(d) a codon.

12. An amino acid will attach to this molecule at location

(a) 1. — Answer
(b) 2.
(c) 3.
(d) 4.

Unit 3 — Heredity — Marking Guide — Section 1
Essential Insight Exam Guide — 2025 Edition — Page 31




2019 The early evolution and diversification of eukaryotes required increasing amounts of which of the
Section 1 following gases in the atmosphere?
Question
17 (a) oxygen — Answer
(b) carbon dioxide
Heredity (c) hydrogen
(d) nitrogen

2019 22. A mutation in a DNA sequence results in the substitution of one amino acid for another in a
Section 1 protein product. This mutation has produced a new
Question
22 (a) allele. — Answer

(b) chromosome.
Heredity (c) gene.

(d) species.
2019 Variation in the height of pea plants is discontinuous. Variation in the height of wheat plants is
Section 1 continuous. This suggests that height in pea plants is controlled by
Question
23 (a) a recessive allele, whereas height in wheat plants is controlled by a dominant allele.

(b) a dominant allele, whereas height in wheat plants is controlled by a recessive allele.
Heredity (c) multiple genes, whereas height in wheat plants is controlled by a single gene.
(d) a single gene, whereas height in wheat plants is controlled by multiple genes. — Answer
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Marking Guide — Section 2

2023 Biologists measured the duration of meiosis (in minutes) at different environmental temperatures in
Section 2 | two plant species. The results are given in the table below.
Question
33 Duration of meiosis in the common bluebell and red trillium at different environmental
temperatures
Heredity

A ‘-’ indicates that no data are available for the species at that temperature.

Copyright restrictions prohibit the release of this SCSA exam material.

(a) Graph the duration of meiosis against environmental temperature for both species. (6 marks)

Duration (min)

Description Marks
Title, must include both variables 1
Data plotted separately for each species, with legend/key 1
Correct axes (X and Y) 1
Appropriate scale 1
Labelling, accurate labelling on both axes (including units) 1
Plotting, data plotted accurately and joined (line graph) 1
Total 6
Sample graph
o Duration of meiosis in two plant species at different temperatures
90 — & Trillium
- o Bi I
80 Bluebe

0 5 10 15 20

Temperate (°C)

(b) (i) Using your graph, estimate the duration of meiosis in the common bluebell at 2 °C. (1 mark)

Description Marks
29 min (accept 28 to 30, must include units) 1
Total 1

(i) Using your graph, estimate the duration of meiosis in red trillium at 20 °C. (1 mark)

Description Marks
4 min (accept 3 to 5, must include units) 1
Total 1
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(i) State which estimate you have the most confidence in. Justify your response. (2 marks)

Description Marks
29 min or (i) or bluebell 1
interpolation/within the range of data for the bluebell or converse 1
Total 2
(c) (i) List two similarities between meiosis and mitosis. (2 marks)
Description | Marks
Any two of (2 x 1 mark)
* types of cell/nuclear division
* have same stages or have prophase, metaphase, anaphase,
telophase 1-2
* DNA replication is not part of the process/occurs beforehand
» spindle forms or spindle is used to divide chromosomes
Total 2
Accept other relevant answers.
(i) Outline one difference between meiosis | and meiosis Il. (2 marks)
Description Marks
Either
* independent assortment of homologous
chromosomes/homologous chromosomes separate in meiosis |
* sister chromatids separate in meiosis | 1-2
or
* meiosis | reduces the number of chromosomes
* meiosis |l keeps the number of chromosomes the same
Total 2
Accept other relevant answers.

(d) The haploid number of chromosomes in the Musk ox is 24. Indicate how many chromosomes will
occur in a skin cell of a Musk ox. Justify your response. (3 marks)

Description Marks
48 1
skin cell is diploid or haploid is number of chromosomes in gamete 1
skin cells have 2X haploid number of chromosomes 1
Total 3
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(e) Most Banksia plants have a chromosome number of 2n = 28. Explain how an error in meiosis
could generate an individual with 29 chromosomes. (4 marks)

Description | Marks

Any four of (4 x 1 mark)
error during random/independent assortment or an error in disjunction
or non-disjunction

* both members of a homologous pair should move to poles/daughter
cells/gametes

* both chromatids of a chromosome/sister chromatids should move to

different poles/daughter cells/gametes o
* if both move to the same pole/daughter cell/gamete, then
pole/daughter cell/gamete will have an extra/15/n+1 chromosome
* gametes with 15 chromosomes fuses with gamete of 14 chromosomes
(to give an individual with 29 chromosomes)
Total 4
2023 (a) DNA occurs in three organelles in plant cells. Identify these organelles. (3 marks)
Section 2
Que;‘zt'on Description Marks
nucleus 1
Heredity mitochondrion/mitochondria 1
chloroplast 1
Total 3
(b) (i) Identify the process by which bacterial cells reproduce. (1 mark)
Description Marks
binary fission 1
Total 1
(ii) List the four main steps in the process in part (b)(i) above. (4 marks)
Description Marks
DNA/chromosome replicates 1
cell elongates or DNA/chromosome copies attach to a different 1
part of cell membrane
DNA/chromosome copies move to different end of cell or to 1
different poles
cell divides or a new cell wall/cell plate is formed 1
Total 4
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After DNA was discovered, three models of DNA replication (conservative, semi-conservative and
dispersive) were proposed. These three models are shown in the diagram below, where the original
DNA is shown in grey and newly synthesised DNA is shown in white.

Suggested models of DNA replication

| T~
P
|~
)
o,

Conservative Semi-conservative Dispersive

(c) (i) Distinguish between the three different models of DNA replication. (3 marks)

Description Marks

conservative: one molecule with original DNA and one with newly 1
synthesised DNA
semi-conservative: molecules have one strand of original DNA and 1
one strand of newly synthesised DNA
dispersive: individual strands contain a mix of original and newly
synthesised DNA

Total 3

(i) Ultimately one of the models was shown to be correct. Identify the correct model. (1 mark)

Description Marks
semi-conservative 1
Total 1

A biologist analysed the base composition of a DNA molecule and a mRNA molecule. The analysis
showed that the number of cytosine bases was the same as the number of guanine bases in the
DNA molecule but not in the mRNA molecule.
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(d) Explain why the number of cytosine bases was the same as the number of guanine bases in the
DNA molecule but not in the mRNA molecule. (4 marks)

Description Marks
DNA molecule is double stranded 1
because cytosine/C on one strand pairs with guanine/G on other strand, 1
the number of each of these must be the same
mRNA is single stranded 1
can get a different number of C/G bases because there is no base pairing 1
Total 4

Rabbits with a coat colour pattern called Himalayan have white fur on their body and black fur on
their paws and ears if they are exposed to cold temperature when born. However, the same rabbits
would be all white if they had not been exposed to cold temperatures.

(e) Explain the reasons for this difference in colouring. (5 marks)

Description | Marks

Any five of (5 x 1 mark)
phenotypic expression of genes depends on interactions of genes with
the environment or expression of gene that determines Himalayan
pattern is temperature dependent

* white colour occurs in the absence of black or black covers white
colour or gene involved produces black fur

* gene/allele/gene product that produces black is only active at 1-5
low/lower temperatures

* extremities are black because temperature is low/lower (hence
gene/allele/gene product is active)

* body is white because temperature is high/higher (hence
gene/allele/gene product is active)

Total 5
Accept other relevant answers that identify that the pattern arises via a temperature
dependent enzyme.
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2022
Section 2
Question

31

Heredity

Some biologists believe that RNA, rather than DNA, played a critical role in the evolution of life on
Earth.

(a) (i) Approximately when did life first evolve on Earth? (1 mark)

Description Marks
approximately 3.5 billion years ago (accept between 3 to 4 billion 1
years ago)
Total 1

(ii) List three structural properties of an RNA molecule. (3 marks)

Description | Marks
Any three of
* type of nucleic acid
* contains ribose sugar
* phosphate group 1-3
* made up of nucleotides/nitrogenous bases/contains C, G, A
and U bases
* single stranded molecule
Total 3
All living organisms essentially use the same genetic code.
(b) (i) Define the term ‘genetic code’. (1 mark)
Description | Marks

Any one of

* set of rules that determine how genetic information/nucleotide
sequences/codons in DNA/RNA is translated into amino
acids/determines amino acids in a protein 1

* how information in DNA/RNA is converted into a protein

* base triplet code that determines amino acids in a protein

Total 1

(i) Outline how the fact that all living organisms use essentially the same genetic code provides
evidence for evolution. (2 marks)

Description Marks
Organisms inherit genetic code from their ancestors. 1
All organisms can be traced back to a single ancestor. 1
Total 2

All cells need to synthesise proteins to function and reproduce
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(c) State the role that each of the following plays in protein synthesis. (5 marks)

Description Marks

RNA polymerase:

(enzyme that) catalyses the synthesis of mMRNA from DNA

or adds nucleotides to mMRNA molecule

or binds to DNA (to initiate transcription)

or unwinds DNA (to gain access to DNA sequence)

or other specific action of RNA polymerase

Transcription:

process of making a mRNA copy of a DNA/gene sequence
Anticodon:

(three) nucleotides in tRNA that is complementary to codon in mRNA
or (three) nucleotides in tRNA that bind to mRNA

or that determine which amino acid tRNA carries

Ribosome:

reads the mRNA/site of protein synthesis/performs translation/links amino 1
acids (in correct order)
Amino acid:

amino acids are the building blocks of protein/polypeptide 1
or sequence of amino acids determine type of protein

Total 5

Life on Earth has diversified and changed over time. Mutation has played an important role in this
evolution.

(d) (i) Define the term ‘mutation’. (1 mark)

Description Marks
A permanent change in DNA/a gene/a chromosome. 1
Total 1

(ii) List three distinctly different causes of mutation. (3 marks)

Description | Marks

Any three of

» errors in DNA replication

* errors in cell division

* mutagens/environmental factors
.

physical mutagen/ chemical mutagen/or specific example of a L
mutagen
* biological factors/viruses
Total 3
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(e) Explain the role that mutation has played in diversifying life on Earth. (4 marks)

Description | Marks

Any four of

* mutation is source of genetic variation or of all new alleles/new genes

* these are the basis of differences among organisms

* mutations have accumulated over time

» differences among organisms/the diversity of organisms have 1-4
increased over time

* without mutation all organisms would be the same (except for
environmental differences)

Total 4

2022 Some biologists believe that RNA, rather than DNA, played a critical role in the evolution of life on
Section 2 | Earth.

Question
31 (a) (i) Approximately when did life first evolve on Earth? (1 mark)

Hezalizy Description Marks

approximately 3.5 billion years ago (accept between 3 to 4 billion
years ago)

Total 1

(ii) List three structural properties of an RNA molecule. (3 marks)

Description | Marks

Any three of

» type of nucleic acid

* contains ribose sugar

* phosphate group

* made up of nucleotides/nitrogenous bases/contains C, G, A
and U bases

* single stranded molecule

Total 3

All living organisms essentially use the same genetic code.
(b) (i) Define the term ‘genetic code’. (1 mark)

Description | Marks

Any one of

* set of rules that determine how genetic information/nucleotide
sequences/codons in DNA/RNA is translated into amino
acids/determines amino acids in a protein 1

* how information in DNA/RNA is converted into a protein

* base triplet code that determines amino acids in a protein

Total 1

(i) Outline how the fact that all living organisms use essentially the same genetic code provides
evidence for evolution. (2 marks)

Description Marks
Organisms inherit genetic code from their ancestors. 1
All organisms can be traced back to a single ancestor. 1
Total 2
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All cells need to synthesise proteins to function and reproduce

(c) State the role that each of the following plays in protein synthesis. (5 marks)

Description Marks

RNA polymerase:

(enzyme that) catalyses the synthesis of mMRNA from DNA

or adds nucleotides to mMRNA molecule

or binds to DNA (to initiate transcription)

or unwinds DNA (to gain access to DNA sequence)

or other specific action of RNA polymerase

Transcription:

process of making a mRNA copy of a DNA/gene sequence
Anticodon:

(three) nucleotides in tRNA that is complementary to codon in mRNA
or (three) nucleotides in tRNA that bind to mRNA

or that determine which amino acid tRNA carries

Ribosome:

reads the mRNA/site of protein synthesis/performs translation/links amino 1
acids (in correct order)
Amino acid:

amino acids are the building blocks of protein/polypeptide 1
or sequence of amino acids determine type of protein

Total 5

Life on Earth has diversified and changed over time. Mutation has played an important role in this
evolution.

(d) (i) Define the term ‘mutation’. (1 mark)

Description Marks
A permanent change in DNA/a gene/a chromosome. 1
Total 1

(ii) List three distinctly different causes of mutation. (3 marks)

Description | Marks

Any three of

» errors in DNA replication

e errors in cell division

* mutagens/environmental factors
L

physical mutagen/ chemical mutagen/or specific example of a L
mutagen
* biological factors/viruses
Total 3
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(e) Explain the role that mutation has played in diversifying life on Earth. (4 marks)

Description | Marks

Any four of

* mutation is source of genetic variation or of all new alleles/new genes

* these are the basis of differences among organisms

* mutations have accumulated over time

» differences among organisms/the diversity of organisms have 1-4
increased over time

* without mutation all organisms would be the same (except for
environmental differences)

Total 4
2019 (a) (i) State two similarities between binary fission and mitosis. (2 marks)

Section 2
Quzsstlon Description | Marks

States any two of the following similarities:
Heredity * types of cell division

* produce genetically identical cells or types of asexual 1-2

reproduction
* produce two (daughter) cells
Total 2
(ii) State two differences between binary fission and mitosis. (2 marks)
Description | Marks

States any two of the following differences:

* binary fission (mainly) occurs in bacteria/prokaryotes, mitosis
occurs in (most) eukaryotes or binary fission divides cells
without a nucleus, mitosis divides cells with a nucleus

* mitosis has a spindle, binary fission does not or binary fission 1-2
divides only a single chromosome type, mitosis divides multiple
chromosome types

* binary fission is faster or mitosis is slower

Total 2

(b) Explain the role of fertilisation in sexual reproduction. (4 marks)

Description | Marks
Explains the role of fertilisation in sexual reproduction (any four of):
» fusion of gametes
* combines genetic material from two different parents/male and female
parents/egg and sperm
* meiosis produces haploid gametes or gametes with only one copy of

14
each chromosome type
* restores diploid number of chromosomes or ensures individuals have
two copies of each chromosome type
* create genetic variation/differences
Total 4
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(c) (i) Outline how crossing over creates genotypic variation. (2 marks)

Description

I

Marks

Outlines how crossing over creates genotypic variation (any two of):

(crossing over) exchanges alleles between homologous
chromosomes/pairs of chromosomes

chromosomes therefore have a different/new/unique
combination of alleles (compared to those in the parent they
were inherited from)

the different/new/unique combination of alleles creates
different/new/novel genotypes

Total

(i) Outline how independent assortment creates genotypic variation. (2 marks)

Description

Marks

Outlines how independent assortment creates genotypic variation (any two of):

homologous chromosomes/chromosome pair separate
independently of each (during meiosis |)

form random combinations of chromosomes or a (unique) mix
of maternal and paternal chromosomes in a gamete

novel combinations of chromosomes creates
different/new/novel genotypes

Total

The following diagram shows the structure of a DNA molecule before and after exposure to
ultraviolet (UV) light.

Before: After:

Incoming UV light
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(d) Describe the effect that UV light has on DNA structure. (4 marks)

Description | Marks
Describes the effect that ultraviolet light has on DNA structure (any four of):
» ultraviolet/UV light is a physical mutagen or the photons in
ultraviolet/UV light can damage DNA
* interferes with base pairing
* breaks the hydrogen bonds between bases (on complementary/
different DNA strands) 14
« free bases pair with neighbouring bases on the same strand or form
dimers or the free bases are facing each other (as shown in the
diagram)
* usually thymine/T or cytosine/C or pyrimidines (that form dimers)

Total 4
Note to markers: the diagram is a guide only, additional correct information is
acceptable.

(e) Explain why mutation is the ultimate source of genetic variation. (4 marks)

Description | Marks
Explains why mutation is the ultimate source of genetic variation:
* mutation changes DNA sequence/structure or chromosome
structure/number or permanent change in DNA
» this creates new genetic/DNA variation/polymorphism or new alleles

. 14
* only process that creates new/unique alleles
* new/different alleles (which come from mutation) are needed to create
novel combinations of alleles/genotypes/individuals
Total 4
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Unit 3 — Continuity of life on Earth

Section 1
2023 The earliest fossils are of
Section 1
Question 5 | (a) protists from 3.5 million years ago.

(b
Continuity | (c
of life on (d

protists from 3.5 billion years ago.
prokaryotes from 3.5 million years ago.
prokaryotes from 3.5 billion years ago.

~— — ~— —

Earth
2023 Which of the following reduces genetic differences between populations?
Section 1
Question 8 | (a) genetic drift
(b) gene flow
Continuity | (c) speciation
of life on (d) mutation
Earth
2023 The evolution of land plants from freshwater algae is an example of
Section 1
Question (a) macroevolution.
16 (b) microevolution.
(c) artificial selection.
Continuity | (d) natural selection.
of life on
Earth
2023 Cabbage, cauliflower, broccoli and kale are some of the oldest known vegetables. They descended

Section 1 from the wild mustard plant Brassica oleracea, which humans began planting thousands of years
Question | ago. These vegetables were developed by

19
natural selection.
artificial selection.
transgenesis.
mutagenesis.

(a
Continuity | (b
of life on (c
Earth (d

N ~— ~— ~—

2023 A volcanic explosion randomly kills 90% of the individuals in a lizard population. The allele
Section 1 frequencies in the surviving lizards were different from those in the population before the explosion.
Question This is an example of
26

(a) natural selection.
Continuity | (b) gene flow.
of life on (c) genetic drift.
Earth (d) founder effect.
2022 Female lions prefer to mate with male lions with dark manes rather than those with light manes.

Section 1 Males with dark manes are more likely to suffer heat stress in hot weather than males with light
Question 4 | manes. This suggests that dark manes evolved via

Continuity | (a) sexual selection by male competition.
of life on (b) sexual selection by female choice.
Earth (c) natural selection for mate attraction.
(d) natural selection for thermoregulation.
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2022

The phylogenetic trees in the diagrams below show four different hypotheses about the early

Section 1 | evolution of vertebrates. Use the information in this figure to answer Questions 18 and 19.
Question
18 :
hagfish lampreys hagfish gnathostomes
Continuity ostracoderm | gnathostomes omectomy. lampreys
of life on
Earth vertebrates
vertebrates craniates
A B
hagfish gnathostomes hagfish gnathostomes
lampreys lampreys  ostracoderm |
vertebrates
vertebrates craniates
c D
18. There is debate about the relationship between hagfish and lampreys. The so-called cyclostome
hypothesis suggests that these two taxa are each other’s closest relatives. Which phylogenetic tree
displays the cyclostome hypothesis?
(a) A
(b)B
(c)C
(d)D
19. The information shown in the phylogenetic trees indicates that there is also debate about
whether
(a) hagdfish are vertebrates.
(b) gnathostomes are vertebrates.
(c) lampreys are craniates.
(d) ostracoderm | are craniates.
2022 Biologists have determined that ostracoderms became extinct about 420 million years ago. What
Section 1 type of evidence would they have used to support this conclusion?
Question
20 (a) bioinformatic
(b) fossil
Continuity | (c) comparative anatomy
of life on (d) comparative embryology
Earth
2022 The enzyme tyrosinase determines the amount of melanin pigment in the fur of mice. Some
Section 1 individuals are unable to produce tyrosine due to a mutation. In other individuals, tyrosinase activity
Question varies with temperature and is usually absent at temperatures above 25 °C. The amount of melanin
23 in the fur of mice is an example of
Continuity | (a) an environmentally-determined trait.
of life on (b) a genetically-determined trait.
Earth (c) a genotype determined by a gene-environment interaction.
(d) a phenotype determined by a gene-environment interaction.
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2022

The application of computers and statistics to manage and interpret large biological data sets is

Section 1 called
Question
24 (a) bioinformatics.
(b) biochemistry.
Continuity | (c) biotechnology.
of life on (d) comparative genomics.
Earth
2022 Orchids grown in the laboratory were released into a wild population of the same species. The
Section 1 laboratory-grown orchids contained an allele that was not present in the wild population at the time
Question | of release. After the laboratory-grown orchids bred with the wild orchids, the allele became
30 incorporated into the wild population. The incorporation of the allele from laboratory-grown orchids
into the wild population is an example of
Continuity
of life on (a) gene flow.
Earth (b) genetic drift.
(c) artificial selection.
(d) natural selection.
2021 Which of the following organisms would be least likely to be found in fossil form?
Section 1
Question 1 | (a) frog
(b) jellyfish
Continuity | (c) beetle
of life on (d) pine tree
Earth
2021 The fossil record shows that the first reptiles evolved 305 million years ago. On this basis the first
Section 1 fish would have evolved
Question
11 (a) later than 305 million years ago.
(b) about 305 million years ago.
Continuity | (c) earlier than 305 million years ago.
of life on (d) about 3.5 billion years ago.
Earth
2021 A biologist studying what were believed to be two species of frog concluded that there was, in fact,
Section 1 | just one species. Which of the following findings provides the strongest evidence that the frogs were
Question | of the same species?
15
(a) they interbreed in nature and produce fertile offspring
Continuity | (b) they live in the same habitat and have the same diet
of life on (c) they change their appearance according to environmental factors
Earth (d) they have many genes and alleles in common
2021 Homologous structures are structures that are similar in related organisms because they were
Section 1 inherited from a common ancestor. An example of homologous structures is the
Question
20 (a) wings of birds and bats.
(b) eyes of lizards and flies.
Continuity | (c) cell walls of bacteria and fungi.
of life on (d) fins of fish and squid.
Earth
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2021

There have been five mass extinctions during the history of life on Earth, when many species went

Section 1 extinct over a short period of geological time. After each one, biodiversity recovered and increased
Question | beyond what it was before the mass extinction. What was the ultimate source of the genetic
30 variation that supported the recovery of biodiversity after each mass extinction?
Continuity | (a) mutation
of life on (b) macroevolution
Earth (c) allopatric speciation
(d) natural selection
2020 A biologist kept four beetle populations in a laboratory. The number of beetles in each population is
Section 1 shown in the table below. The populations were identical except for the number of beetles.
Question 3
Continuity Population Number of beetles
of life on A 54
Earth B 84
C 72
D 36
The effects of genetic drift will be greatest in population
(a) A.
(b) B.
(c)C.
(d) D.

2020 Fur colour in rabbits is determined by four alleles of the C gene. Himalayan rabbits are homozygous

Section 1 for the ch allele at this gene. This allele produces an enzyme that results in black fur. However, this

Question 5 | enzyme is inactivated if the skin temperature exceeds 20 °C, resulting in white fur. Fur colour in
Himalayan rabbits is an example of

Continuity

of life on (a) a polygenic trait.
Earth (b) a recessive mutation.

(c) an interaction between two genes.
(d) a gene-environment interaction.

2020 A biologist observed small changes in the allele frequencies of a gene in a population of paper

Section 1 daisies for three generations. These changes are an example of
Question 9
(a) microevolution.
Continuity | (b) macroevolution.
of life on (c) stasis.

Earth (d) speciation.

2020 During mating, many male redback spiders position themselves above the jaws of the female even
Section 1 though they are more likely to be eaten than males in other positions. These males are, however,
Question | able to copulate for longer and fertilise more eggs. On this basis, male positioning above the jaws of

22 the female likely evolved by
Continuity | (a) natural selection.
of life on (b) sexual selection.
Earth (c) artificial selection.
(d) directional selection.
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2020

Which of the following combination of factors makes a population most vulnerable to extinction?

Section 1
Question (a) low levels of inbreeding and a changing environment
24 (b) low levels of inbreeding and a stable environment
(c) low levels of genetic diversity and a changing environment
Continuity | (d) low levels of genetic diversity and a stable environment
of life on
Earth
2019 Select the correct statement.
Section 1
Question 6 | (a) Natural selection can result in the evolution of new species but artificial selection cannot.
(b) Artificial selection can result in the evolution of new species but natural selection cannot.
Continuity | (c) Both natural and artificial selection can result in the evolution of new species.
of life on (d) Neither natural nor artificial selection can result in the evolution of new species.
Earth
2019 Which of the following is evidence for the process of evolution?
Section 1
Question (a) the fossil record has many gaps
24 (b) the Earth is about 4.5 billion years old
(c) all species share a genetic code
Continuity | (d) interspecific hybrids are usually sterile
of life on
Earth
2019 26. Genetic differences between populations are reduced by
Section 1
Question | (a) gene flow.
26 (b) mutation.
(c) sexual selection.
Continuity | (d) genetic drift.
of life on
Earth
2019 A population of humpback whales was hunted almost to extinction before hunting was stopped.
Section 1 Since then, the population has been increasing. The genetic diversity of the population will
Question
28 (a) not have been affected by the changes in population size.
(b) not recover as quickly as the population size.
Continuity | (c) have returned to pre-hunting levels as soon as the hunting stopped.
of life on (d) be decreasing as the population size increases.
Earth
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Section 2

2023
Section 2
Question

35

Continuity
of life on
Earth

The following diagram shows a phylogenetic tree of dinosaurs.
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(a) Use the information in the phylogenetic tree to answer the following questions.

(i) Identify the lineages that make up the Marginocephalia. (1 mark)

(i) Identify the lineage that is most closely related to the Stegosauria. (1 mark)

(iii) State when the Jurassic period started and finished. (1 mark)

(iv) State when the Sauropoda became extinct. (1 mark)
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(b) Outline what the phylogenetic tree suggests about the evolution of birds. (2 marks)

Dinosaurs and birds were traditionally classified in separate groups.

(c) State whether the phylogenetic tree on page 22 supports this view. Give a reason for your
answer. (2 marks)

(d) (i) Outline why vertebrates are relatively common in the fossil record. (2 marks)

(i) Outline why burrowing organisms are relatively common in the fossil record. (2 marks)
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(e) Explain how comparative embryology provides evidence for evolution. Include a specific
example in your answer. (4 marks)

(f) (i) Outline why geographic isolation is important in allopatric speciation. (2 marks)

(i) Outline why natural selection is important in allopatric speciation. (2 marks)
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2022 Biologists studied the gene pool of two populations of a mosquito species. The biologists estimated
Section 2 | the frequency of a particular allele (AceR) at the acetylcholinesterase gene in the two populations
Question | over nine generations. The allele frequency data are given in the table below.

33

Generation number

Continuity

of life on 1 2 3 4 5 6 7 8 9
Earth Population 1 | 0.31 0.29 0.30 0.33 0.28 0.33 0.27 0.31 0.30
Population 2 | 0.27 0.31 0.35 0.37 0.41 0.49 0.53 0.58 0.60

(a) Graph the frequency of the AceR allele for both Populations 1 and 2 against generation number.
(6 marks)

(b) (i) Define the term ‘gene pool’. (1 mark)

(ii) Define the term ‘allele’. (1 mark)
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(i) State whether the allele frequency changes in the mosquito populations are an example of
macroevolution. Provide a reason to support your answer. (3 marks)

An insecticide was applied to Population 2 but not to Population 1.

(c) Propose an explanation for the increase in the frequency of the AceR allele in Population 2
during the study. (5 marks)

(d) The Australian Government’s biosecurity agency deploys insect traps around airports and other
ports of entry into Australia. Explain why. (4 marks)
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2022
Section 2
Question

34

Continuity
of life on
Earth

Fleece colour in sheep is determined by the alleles at an autosomal gene, where a dominant allele
(T) gives white fleece, and a recessive allele (t) gives black fleece.

(a) (i) Distinguish between a dominant and a recessive allele. (2 marks)

(ii) Distinguish between autosomal and sex-linked alleles. (2 marks)

Two white sheep are mated. They produce offspring with white fleece and with black fleece.

(b) Calculate the probability of these sheep producing an offspring with black fleece. Explain your
answer. (5 marks)
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(c) Spider lamb syndrome (SLS) is an inherited condition in sheep. Affected animals have abnormal
spines and long, often splayed (spread out) legs. SLS is caused by a recessive SLS allele at an
autosomal gene. Outline an approach that can be used to determine whether an unaffected
individual has the SLS allele without breeding the sheep.(5 marks)

(d) Body size in sheep is a polygenic trait. Explain what a polygenic trait is. (3 marks)

(e) A group of biologists want to produce a line of sheep with increased resistance to fleece rot.
They could do this either by artificial selection or by transgenesis. Outline one advantage and one
disadvantage of producing this line of sheep by artificial selection rather than transgenesis. (4
marks)

Advantage:

Disadvantage:
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2021
Section 2
Question

31

Continuity
of life on
Earth

(a) Microevolution occurs through changes in the allele frequencies in a population. Name the four
factors (microevolutionary forces) that can change allele frequencies. (4 marks)

One:

Two:

Three:

Four:

(b) The World Canine Association recognises 360 breeds of domestic dog, ranging in size from
Chihuahuas to Great Danes. They all belong to one species, Canis familiaris. They were first
domesticated about 14 000 to 17 000 years ago but most breeds have been developed in the last
several hundred years. Explain how such a range of variation has arisen within domestic dogs. (5
marks)
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(c) The figure below shows the number of species for three groups of dog-like animals within the
family Canidae over evolutionary time.

Number of species in three groups of the family Canidae over time
25

20

Borophaginae

Caninae
15

10

sa10ads Jo JequinN

Hesperocyoninae

40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0
Time (million years)

According to the figure:
(i) When did the Hesperocyoninae become extinct? (1 mark)

(ii) Which of the three groups evolved first? (1 mark)

(iif) Which group has persisted for the longest period of time? (1 mark)

(iv) When did most species across all three groups of the family Canidae occur? (1 mark)
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(d) Explain the type of evidence biologists would have used to determine the number of species for
the three groups of the family Canidae over evolutionary time. (4 marks)

(e) The red wolf is the most endangered canid species on Earth. Fewer than 200 individuals remain
in the wild. Explain one reason why small populations are at risk of extinction. (4 marks)

2021
Section 2
Question

35

Continuity
of life on
Earth

Botanic gardens, such as those in Sydney, and in Kings Park, Perth, house large collections of
plants and seeds. These gardens play an important role in plant conservation and research and in
educating the general public.

(a) Some botanic gardens supply information to the general public about how to detect certain
diseases in their garden plants. Provide advice to someone seeking information about how to detect
crown gall disease in their garden plants. (3 marks)
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(b) Other than providing education or advice, outline two ways in which botanic gardens can
contribute to plant conservation. (4 marks)

One:

Two:

Biologists at botanic gardens often investigate the evolutionary relationships among plant groups.

The table below shows the presence or absence of four characters in four types of plant.

Plant type
Character Angiosperms Ferns Mosses Conifers
Cuticle v v v v
Xylem and phloem v v X 4
Seeds v X X v
Flowers v X X X

X — character is absent. v'— character is present.

(c) Draw a phylogenetic tree showing the evolutionary relationships among the four types of plant
based on the characters in the table. Show the point on the tree where seeds evolved. (5 marks)
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Developments in DNA sequencing technology are allowing biologists to use comparative genomics
to develop an in-depth understanding of plant evolution.

(d) Explain comparative genomics and how it can lead to an in-depth understanding of plant
evolution. (4 marks)

(e) Explain bioinformatics and why it is important to the field of comparative genomics. (4 marks)
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2020
Section 2
Question

33

Continuity
of life on
Earth

The malleefowl (Leipoa ocellata) is a ground-dwelling bird that is found in scrubland in southern
Australia. It is vulnerable to extinction.

(a) The following terms are relevant to developing conservation plans for the malleefowl. Define
each term.

(i) Gene pool (1 mark)

(ii) Population dynamics (1 mark)

(iii) Biogeography (1 mark)

(iv) Reproductive behaviour (1 mark)

(b) To investigate genetic diversity, biologists produced DNA profiles for malleefowl. List the main
steps involved in producing a DNA profile. (4 marks)
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(c) Biologists are breeding malleefowl in captivity to assist in the recovery of wild populations.
Describe two ways in which captive breeding can assist in the recovery of wild populations. (4
marks)

One:

Two:

(d) Explain how a consideration of population dynamics can assist conservation planning to maintain
viable gene pools in a vulnerable species, such as the malleefowl. (4 marks)

(e) Habitat destruction has reduced the opportunity for gene flow between malleefowl populations.
Explain how gene flow affects the gene pool of a population. (4 marks)
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2020 Glossopteris is a genus of flowerless seed ferns, common 250 million years ago, it is now extinct.

Section 2 Many species of Glossopteris have been identified from leaf fossils.
Question
35 (a) (i) Define the term ‘fossil’. (1 mark)

Continuity
of life on
Earth

(i) Outline how fossils can provide evidence for evolution. (3 marks)

It has not been possible to determine the total number of Glossopteris species because the fossil
record is incomplete.

(b) List four reasons why the fossil record is incomplete. (4 marks)

One:

Two:

Three:

Four:

(c) (i) Approximately when did life first evolve on Earth? (1 mark)
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(i) Describe the first life forms on Earth. (3 marks)

The table below shows the number of amino acid differences in a protein molecule in five different
types of monkey.

Saki Macaque Colobus Squirrel Woolly
Saki
Macaque 6
Colobus 8 2
Squirrel 4 7 9
Woolly 1 8 8 4

(d) Use these data to describe the evolutionary relationships of these monkeys. (4 marks)
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(e) Explain how differences in the amino acid sequence of a protein can provide evidence of
evolutionary relationships between organisms. (4 marks)

2019
Section 2
Question

31

Continuity
of life on
Earth

Dung beetles are a type of insect and feed on animal faeces. A recent survey identified over 500
species of dung beetle that are native to Australia.

(a) Define a species. (2 marks)

(b) Explain how new species of dung beetle could evolve by allopatric speciation. (5 marks)
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Most dung beetle populations are small and experience genetic drift.

(c) Describe how genetic drift affects the genetic composition of populations. (3 marks)

One species of dung beetle has males with larger horns than the females. The larger horns make
movement and eating more difficult.

(d) Explain how the larger horns in the males of this species could have evolved. (5 marks)

A biologist constructed a phylogenetic tree showing the evolutionary relationships among the
Australian species of dung beetle.

(e) Explain how a phylogenetic tree can represent the evolutionary relationships among different
species. (4 marks)
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Marking Guide — Section 1

2023 The earliest fossils are of
Section 1
Question 5 | (a) protists from 3.5 million years ago.
(b) protists from 3.5 billion years ago.
Continuity | (c) prokaryotes from 3.5 million years ago.
of life on (d) prokaryotes from 3.5 billion years ago. — Answer

Earth

2023 Which of the following reduces genetic differences between populations?
Section 1

Question 8 | (a) genetic drift
(b) gene flow — Answer
Continuity | (c) speciation
of life on (d) mutation

Earth

2023 The evolution of land plants from freshwater algae is an example of
Section 1
Question (a) macroevolution. — Answer

16 (b) microevolution.
(c) artificial selection.
Continuity | (d) natural selection.
of life on

Earth

2023 Cabbage, cauliflower, broccoli and kale are some of the oldest known vegetables. They descended
Section 1 from the wild mustard plant Brassica oleracea, which humans began planting thousands of years
Question | ago. These vegetables were developed by

19
(a) natural selection.
Continuity | (b) artificial selection. — Answer
of life on (c) transgenesis.

Earth (d) mutagenesis.

2023 A volcanic explosion randomly kills 90% of the individuals in a lizard population. The allele
Section 1 frequencies in the surviving lizards were different from those in the population before the explosion.
Question This is an example of

26
(a) natural selection.
Continuity | (b) gene flow.
of life on (c) genetic drift. — Answer

Earth (d) founder effect.

2022 Female lions prefer to mate with male lions with dark manes rather than those with light manes.
Section 1 Males with dark manes are more likely to suffer heat stress in hot weather than males with light

Question 4 | manes. This suggests that dark manes evolved via
Continuity | (a) sexual selection by male competition.
of life on (b) sexual selection by female choice. — Answer
Earth (c) natural selection for mate attraction.

(d) natural selection for thermoregulation.
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2022

The phylogenetic trees in the diagrams below show four different hypotheses about the early

Section 1 | evolution of vertebrates. Use the information in this figure to answer Questions 18 and 19.
Question
18 ,
hagfish lampreys hagfish gnathostomes
Continuity ostracoderm | gnathostomes omectomy. lampreys
of life on
Earth vertebrates
vertebrates craniates
A B
hagfish gnathostomes hagfish gnathostomes
lampreys lampreys  ostracoderm |
vertebrates
vertebrates craniates
c D
18. There is debate about the relationship between hagfish and lampreys. The so-called cyclostome
hypothesis suggests that these two taxa are each other’s closest relatives. Which phylogenetic tree
displays the cyclostome hypothesis?
(a) A
(b)B
(c) C — Answer
(d)D
19. The information shown in the phylogenetic trees indicates that there is also debate about
whether
(a) hagfish are vertebrates. — Answer
(b) gnathostomes are vertebrates.
(c) lampreys are craniates.
(d) ostracoderm | are craniates.
2022 Biologists have determined that ostracoderms became extinct about 420 million years ago. What
Section 1 type of evidence would they have used to support this conclusion?
Question
20 (a) bioinformatic
(b) fossil — Answer
Continuity | (c) comparative anatomy
of life on (d) comparative embryology
Earth
2022 The enzyme tyrosinase determines the amount of melanin pigment in the fur of mice. Some
Section 1 individuals are unable to produce tyrosine due to a mutation. In other individuals, tyrosinase activity
Question varies with temperature and is usually absent at temperatures above 25 °C. The amount of melanin
23 in the fur of mice is an example of
Continuity | (a) an environmentally-determined trait.
of life on (b) a genetically-determined trait.
Earth (c) a genotype determined by a gene-environment interaction.

(d) a phenotype determined by a gene-environment interaction. — Answer
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2022

The application of computers and statistics to manage and interpret large biological data sets is

Section 1 called
Question
24 (a) bioinformatics. — Answer
(b) biochemistry.
Continuity | (c) biotechnology.
of life on (d) comparative genomics.
Earth
2022 Orchids grown in the laboratory were released into a wild population of the same species. The
Section 1 laboratory-grown orchids contained an allele that was not present in the wild population at the time
Question | of release. After the laboratory-grown orchids bred with the wild orchids, the allele became
30 incorporated into the wild population. The incorporation of the allele from laboratory-grown orchids
into the wild population is an example of
Continuity
of life on (a) gene flow. — Answer
Earth (b) genetic drift.
(c) artificial selection.
(d) natural selection.
2021 Which of the following organisms would be least likely to be found in fossil form?
Section 1
Question 1 | (a) frog
(b) jellyfish — Answer
Continuity | (c) beetle
of life on (d) pine tree
Earth
2021 The fossil record shows that the first reptiles evolved 305 million years ago. On this basis the first
Section 1 fish would have evolved
Question
11 (a) later than 305 million years ago.
(b) about 305 million years ago.
Continuity | (c) earlier than 305 million years ago. — Answer
of life on (d) about 3.5 billion years ago.
Earth
2021 A biologist studying what were believed to be two species of frog concluded that there was, in fact,
Section 1 | just one species. Which of the following findings provides the strongest evidence that the frogs were
Question | of the same species?
15
(a) they interbreed in nature and produce fertile offspring — Answer
Continuity | (b) they live in the same habitat and have the same diet
of life on (c) they change their appearance according to environmental factors
Earth (d) they have many genes and alleles in common
2021 Homologous structures are structures that are similar in related organisms because they were
Section 1 inherited from a common ancestor. An example of homologous structures is the
Question
20 (a) wings of birds and bats. — Answer
(b) eyes of lizards and flies.
Continuity | (c) cell walls of bacteria and fungi.
of life on (d) fins of fish and squid.
Earth
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2021

There have been five mass extinctions during the history of life on Earth, when many species went

Section 1 extinct over a short period of geological time. After each one, biodiversity recovered and increased
Question | beyond what it was before the mass extinction. What was the ultimate source of the genetic
30 variation that supported the recovery of biodiversity after each mass extinction?
Continuity | (a) mutation — Answer
of life on (b) macroevolution
Earth (c) allopatric speciation
(d) natural selection
2020 A biologist kept four beetle populations in a laboratory. The number of beetles in each population is
Section 1 shown in the table below. The populations were identical except for the number of beetles.
Question 3
Continuity Population Number of beetles
of life on A 54
Earth B 84
C 72
D 36
The effects of genetic drift will be greatest in population
(a) A.
(b) B.
(c)C.
(d) D. — Answer

2020 Fur colour in rabbits is determined by four alleles of the C gene. Himalayan rabbits are homozygous

Section 1 for the ch allele at this gene. This allele produces an enzyme that results in black fur. However, this

Question 5 | enzyme is inactivated if the skin temperature exceeds 20 °C, resulting in white fur. Fur colour in
Himalayan rabbits is an example of

Continuity

of life on (a) a polygenic trait.
Earth (b) a recessive mutation.

(c) an interaction between two genes.
(d) a gene-environment interaction. — Answer

2020 A biologist observed small changes in the allele frequencies of a gene in a population of paper

Section 1 daisies for three generations. These changes are an example of
Question 9
(a) microevolution. — Answer
Continuity | (b) macroevolution.
of life on (c) stasis.

Earth (d) speciation.

2020 During mating, many male redback spiders position themselves above the jaws of the female even
Section 1 though they are more likely to be eaten than males in other positions. These males are, however,
Question | able to copulate for longer and fertilise more eggs. On this basis, male positioning above the jaws of

22 the female likely evolved by
Continuity | (a) natural selection.
of life on (b) sexual selection. — Answer
Earth (c) artificial selection.

(d) directional selection.
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2020

Which of the following combination of factors makes a population most vulnerable to extinction?

Section 1
Question (a) low levels of inbreeding and a changing environment
24 (b) low levels of inbreeding and a stable environment
(c) low levels of genetic diversity and a changing environment — Answer
Continuity | (d) low levels of genetic diversity and a stable environment
of life on
Earth
2019 Select the correct statement.
Section 1
Question 6 | (a) Natural selection can result in the evolution of new species but artificial selection cannot.
(b) Artificial selection can result in the evolution of new species but natural selection cannot.
Continuity | (c¢) Both natural and artificial selection can result in the evolution of new species. — Answer
of life on (d) Neither natural nor artificial selection can result in the evolution of new species.
Earth
2019 Which of the following is evidence for the process of evolution?
Section 1
Question (a) the fossil record has many gaps
24 (b) the Earth is about 4.5 billion years old
(c) all species share a genetic code — Answer
Continuity | (d) interspecific hybrids are usually sterile
of life on
Earth
2019 26. Genetic differences between populations are reduced by
Section 1
Question (a) gene flow. — Answer
26 (b) mutation.
(c) sexual selection.
Continuity | (d) genetic drift.
of life on
Earth
2019 A population of humpback whales was hunted almost to extinction before hunting was stopped.
Section 1 Since then, the population has been increasing. The genetic diversity of the population will
Question
28 (a) not have been affected by the changes in population size.
(b) not recover as quickly as the population size. — Answer
Continuity | (c) have returned to pre-hunting levels as soon as the hunting stopped.
of life on (d) be decreasing as the population size increases.
Earth
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Marking Guide — Section 2

2023
Section 2
Question

35

Continuity
of life on
Earth

The following diagram shows a phylogenetic tree of dinosaurs.
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(a) Use the information in the phylogenetic tree to answer the following questions.
(i) Identify the lineages that make up the Marginocephalia. (1 mark)
Description Marks
Pachycephalosauria and Ceratopia 1
Total 1
(i) Identify the lineage that is most closely related to the Stegosauria. (1 mark)
Description Marks
Ankylosauria 1
Total 1
(iii) State when the Jurassic period started and finished. (1 mark)
Description Marks
208 to 145 million years ago/MYA (must have units) 1
Total 1
(iv) State when the Sauropoda became extinct. (1 mark)
Description Marks
65 million years ago/MYA or end of Cretaceous 1
Total 1
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(b) Outline what the phylogenetic tree suggests about the evolution of birds. (2 marks)

Description Marks

or

Either
evolved from a type of theropod dinosaur
during the late Jurassic period or about 150 million years ago

evolve from Maniraptora/shares a common ancestor with

Deinonychosauria

during the Early Jurassic period or 175 million years ago

Total 2

Dinosaurs and birds were traditionally classified in separate groups.

(c) State whether the phylogenetic tree on page 22 supports this view. Give a reason for your

answer. (2 marks)

Description Marks
no 1
tree suggests that birds are a type of dinosaur, not separate or tree 1
includes the birds with the dinosaurs
Total 2

(d) (i) Outline why vertebrates are relatively common in the fossil record. (2 marks)

Description Marks

Either

* vertebrates have hard parts/bones
* these are hard to destroy or are likely to persist long enough to

fossilise 1-2
or
* vertebrates evolved recently
* |ess time for fossils to be destroyed
Total 2

Accept other relevant answers.

(i) Outline why burrowing organisms are relatively common in the fossil record. (2 marks)

Description Marks

Either

* burrowing organisms live in sediment or are more likely to be
buried in sediment

* burial in sediment reduces the chances of 1-2
predators/scavengers destroying the remains

or

* burrowing organisms live in low oxygen environment
* slows down decay by bacteria

Total 2

Accept other relevant answers.

Unit 3 — Continuity of life on Earth — Marking Guide — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 74



(e) Explain how comparative embryology provides evidence for evolution. Include a specific
example in your answer. (4 marks)

Description Marks
embryos of different organisms may be similar or show similarities 1
even though the adults may be different or not show the similarities 1

similarities are evidence that the different organisms evolved from a

common ancestor or are closely related or converse !
embryos of all vertebrates have gill slits or embryos have a similar
sequence of development or other relevant example
Total 4
(f) (i) Outline why geographic isolation is important in allopatric speciation. (2 marks)
Description Marks
prevents gene flow/gene exchange between populations 1
so genetic differences can build over time 1
Total 2
(i) Outline why natural selection is important in allopatric speciation. (2 marks)
Description Marks
speciation depends on populations evolving genetic 1
differences/reproductive isolation
differing selection pressures can cause the evolution of genetic 1

differences/reproductive isolation

Total 2

Unit 3 — Continuity of life on Earth — Marking Guide — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 75



2022
Section 2
Question

33

Continuity
of life on
Earth

Biologists studied the gene pool of two populations of a mosquito species. The biologists estimated
the frequency of a particular allele (AceR) at the acetylcholinesterase gene in the two populations
over nine generations. The allele frequency data are given in the table below.

Generation number
1 2 3 4 5 6 7 8 9
Population 1 | 0.31 0.29 0.30 0.33 0.28 0.33 0.27 0.31 0.30
Population 2 | 0.27 0.31 0.35 0.37 0.41 0.49 0.53 0.58 0.60

(a) Graph the frequency of the AceR allele for both Populations 1 and 2 against generation number.

(6 marks)
Description Marks

titte must include both variables 1
data plotted separately for populations 1 and 2 including key 1
correct axes (X and Y) 1
appropriate scale 1
labelling — accurate labelling on both axes 1
plotting — data plotted accurately and joined (line graph) 1

Total 6

0.7

0.6

0.5

0.4

0.3+

Allele frequency

0.2+

0.1+

Frequency of Ace” allele in two mosquito populations over 9 generations

-o- Population 1
-= Population 2

Generation number

(b) (i) Define the term ‘gene pool’. (1 mark)

Description Marks
all of the genetic information/genes/alleles in a population/species 1
Total 1
(ii) Define the term ‘allele’. (1 mark)
Description Marks
a form/version of a gene 1
Total 1

Unit 3 — Continuity of life on Earth — Marking Guide — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 76



(iii) State whether the allele frequency changes in the mosquito populations are an example of
macroevolution. Provide a reason to support your answer. (3 marks)

Description Marks

Clearly states no. 1
Macroevolution refers to large scale changes or changes above the 1
species level.
The changes (in the mosquito populations) are small scale or
occurring below the species level or the (mosquito) populations are 1
undergoing microevolution (not macroevolution).

Total 3

An insecticide was applied to Population 2 but not to Population 1.

(c) Propose an explanation for the increase in the frequency of the AceR allele in Population 2
during the study. (5 marks)

Description Marks
Natural selection/selective pressure of insecticide 1
Subtotal 1
Any four of
Either

» the Ace” allele gives resistance to the insecticide

« individuals with Ace” allele survive/reproduce/are fitter/produce more
offsprin%

» the Ace™allele is passed to offspring/inherited

« more individuals in the next generation have Ace® allele

* process is repeated over multiple/10 generations leading to
progressive increase in frequency of the Ace” allele

» progressive increase in frequency of the Ace® allele, which is 1-4
characteristics of natural selection

 unlikely to be due to genetic drift because the frequency of the Ace®
allele does not change at random

« unlikely to be to due mutation because the frequency Ace" allele does
not change at random

* because the allele frequency change is too fast/large to be explained
by mutation (which changes allele frequencies slowly)

* could only be gene flow if individuals were coming from a population
with a high frequency Ace” allele

Subtotal 4
Total 5

Unit 3 — Continuity of life on Earth — Marking Guide — Section 2
Essential Insight Exam Guide — 2025 Edition — Page 77



(d) The Australian Government’s biosecurity agency deploys insect traps around airports and other
ports of entry into Australia. Explain why. (4 marks)

Description Marks
To detect/capture exotic/non-native insects or mosquitos. 1
Subtotal 1

Any three of
» before they have a chance to spread/become established (in Australia)

» (if not stopped) insects/mosquitoes could introduce new disease or
contribute to the spread of existing diseases

* could damage crops or some insects are crop pests -3
* could displace native species or disrupt natural ecosystems or become
an invasive species
Subtotal 3
Total 4

2022 Fleece colour in sheep is determined by the alleles at an autosomal gene, where a dominant allele
Section 2 | (T) gives white fleece, and a recessive allele (t) gives black fleece.
Question
34 (a) (i) Distinguish between a dominant and a recessive allele. (2 marks)
EeRunLY Description Marks
of life on - : 7T
Earth dominant — only one copy of allele is needed for an individual to

show phenotype or heterozygote will show phenotype

recessive — two copies of allele are needed for an individual to
show phenotype or only recessive homozygote will show 1
phenotype or can be masked by a dominant allele

Total 2
(i) Distinguish between autosomal and sex-linked alleles. (2 marks)
Description Marks

autosomal — alleles are on autosomal chromosomes or alleles are
not on sex chromosomes or two alleles are present in both males 1
and females
sex linked — alleles are on sex chromosomes or X/Y chromosome
or two alleles are present in females and only one is present in 1
males

Total 2
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Two white sheep are mated. They produce offspring with white fleece and with black fleece.

(b) Calculate the probability of these sheep producing an offspring with black fleece. Explain your
answer. (5 marks)

Description Marks
0.25/25%I/1 in 4 1
Both parents must be heterozygotes or Tt (to produce black sheep) or
both will produce gametes with T and with t allele (in equal proportions)
Must use specified notation for alleles (T ,t).
Black offspring must have tt genotype (because black fleece is recessive).
Only one in four offspring will have tt genotype or three in four offspring
will have one copy of T/dominant allele.

N = [

Total

Can use a fully annotated punnett square.

(c) Spider lamb syndrome (SLS) is an inherited condition in sheep. Affected animals have abnormal
spines and long, often splayed (spread out) legs. SLS is caused by a recessive SLS allele at an
autosomal gene. Outline an approach that can be used to determine whether an unaffected
individual has the SLS allele without breeding the sheep.(5 marks)

Description Marks
DNA sequencing or (comparative) genomics 1
determine nucleotide sequence 1
compare genomes/DNA sequences of affected and unaffected sheep 1
Subtotal 3
Any two of
* take samples from affected and unaffected sheep
* extract DNA 1-2
» use PCR/restriction enzymes/gel electrophoresis
Subtotal 2
Total 5
(d) Body size in sheep is a polygenic trait. Explain what a polygenic trait is. (3 marks)
Description Marks
controlled/influenced by the alleles at many genes/by many genes 1
also influenced by the environment 1
trait shows many different phenotypes in a population or trait shows 1
continuous variation/a normal distribution in a population
Total 3
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(e) A group of biologists want to produce a line of sheep with increased resistance to fleece rot.
They could do this either by artificial selection or by transgenesis. Outline one advantage and one
disadvantage of producing this line of sheep by artificial selection rather than transgenesis. (4
marks)

Description | Marks
Advantage
* (breeding sheep is a) natural process
* can be done on farm/does not require specialist equipment/less 1-2
controversial
Subtotal 2
Disadvantage
Either

» artificial selection changes allele/gene frequencies gradually
» slower process or will take many generations to produce desired line
or

» artificial selection relies on alleles/genes/variation already present in =2
sheep
* less effective than using a (targeted) gene from another type of
organism.
Subtotal 2
Total 4
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2021
Section 2
Question

31

Continuity
of life on
Earth

(a) Microevolution occurs through changes in the allele frequencies in a population. Name the four
factors (microevolutionary forces) that can change allele frequencies. (4 marks)

Description Marks
(natural, sexual or artificial) selection 1
genetic drift 1
| gene flow 1
mutation 1
Total 4

(b) The World Canine Association recognises 360 breeds of domestic dog, ranging in size from
Chihuahuas to Great Danes. They all belong to one species, Canis familiaris. They were first
domesticated about 14 000 to 17 000 years ago but most breeds have been developed in the last
several hundred years. Explain how such a range of variation has arisen within domestic dogs. (5
marks)

Description Marks

artificial selection or selective breeding by humans

(ancestral) dogs with a desirable trait/s were selectively breed or only dogs
with desirable trait/s were allowed breed/pass on genes

this process was repeated over many generations

this resulted in a group/breed of dogs showing the desired trait/s or only
having genes/alleles for the desired trait/s

this happened independently for different traits resulting in breeds with
different traits or cumulative effect of breeding different variants/traits in 1
different lines or dogs were bred for different purposes

e I T Y

Total 5

(c) The figure below shows the number of species for three groups of dog-like animals within the
family Canidae over evolutionary time.

Number of species in three groups of the family Canidae over time
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According to the figure:
(i) When did the Hesperocyoninae become extinct? (1 mark)
Description Marks

Accept anywhere between 15 and 16 million years 1
Total 1
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(i) Which of the three groups evolved first? (1 mark)

Description Marks
Hesperocyoninae 1
Total 1

(iii) Which group has persisted for the longest period of time? (1 mark)

Description Marks
Caninae 1
Total 1

(iv) When did most species across all three groups of the family Canidae occur? (1 mark)

Description Marks
Accept anywhere between 29 and 31 million years 1
Total 1

(d) Explain the type of evidence biologists would have used to determine the number of species for
the three groups of the family Canidae over evolutionary time. (4 marks)

Description Marks
fossil evidence or preserved remains or preserved/fossilised hard parts 1
different species/families recognised via differences in morphology of

fossils

count number of different species for each time period

use isotope data or index fossils or sediment layers to determine age
Total

- N PN

(e) The red wolf is the most endangered canid species on Earth. Fewer than 200 individuals remain
in the wild. Explain one reason why small populations are at risk of extinction. (4 marks)

Description | Marks

Either (genetic reason)

small populations lose genetic diversity faster than large population or
small populations have lower genetic diversity than large populations
due to genetic drift or random/chance loss of genetic variation 1
(under genetic drift) advantageous alleles can become rare/lost or
disadvantageous alleles can become common/fixed

not enough variation to resist disease or to adapt to environment/
environmental change

Or (ecological reason)

individuals may not be able to find a suitable mate because of unequal
sex ratio or low population density

this may also change/stop important social behaviour/s 1
amount of inbreeding may increase resulting in reduced fitness/increased
inbreeding depression

susceptible to environmental fluctuations as may lose all/most individuals
in a poor year.

Total 4
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Question

35

Continuity
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Botanic gardens, such as those in Sydney, and in Kings Park, Perth, house large collections of
plants and seeds. These gardens play an important role in plant conservation and research and in
educating the general public.

(a) Some botanic gardens supply information to the general public about how to detect certain
diseases in their garden plants. Provide advice to someone seeking information about how to detect
crown gall disease in their garden plants. (3 marks)

Description Marks
look for tumours/lumpy growths/galls 1
(especially) near the base of the plant or just above the soil or crown 1
(especially) on plants that are stunted/unproductive or on fruit 1
trees/grapes/olives/ornamental plants (which are common hosts)
Total 3

(b) Other than providing education or advice, outline two ways in which botanic gardens can
contribute to plant conservation. (4 marks)

Description | Marks
Any two options (2 x 2 marks):
Option one
» selective breeding/cultivate/genetically modify/seed banks
endangered/vulnerable/threatened species 1-2
* can release individuals to supplement/restore wild population or so
some individuals will remain even if species goes extinct in the wild
Subtotal 2
Option two
» keep seed banks/gene banks/genetic resources 1-2
» use to replenish genetic diversity of wild populations
Subtotal 2
Option three
* archive data on/research the biology/ecology/taxonomy/genetics of
species 1-2
* improve understanding of how species will respond to environmental
change or factors that might improve species’' recovery
Subtotal 2
Total 4

Biologists at botanic gardens often investigate the evolutionary relationships among plant groups.

The table below shows the presence or absence of four characters in four types of plant.

Plant type
Character Angiosperms Ferns Mosses Conifers
Cuticle v v v v
Xylem and phloem W v X v
Seeds v X X v
Flowers v X X X

X —character is absent. v'— character is present.
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(c) Draw a phylogenetic tree showing the evolutionary relationships among the four types of plant
based on the characters in the table. Show the point on the tree where seeds evolved. (5 marks)

mosses

ferns

conifers

angiosperms

seeds

Description Marks
tree shows mosses in correct position
tree shows ferns in correct position
tree shows conifers in correct position
tree shows angiosperms in correct position
tree shows evolution of seeds in correct position

[3, ] =Y EEN JEEY JEEY (EEN

Total

Developments in DNA sequencing technology are allowing biologists to use comparative genomics
to develop an in-depth understanding of plant evolution.

(d) Explain comparative genomics and how it can lead to an in-depth understanding of plant
evolution. (4 marks)

Description Marks
comparison of the entire genomes of different species/groups 1
used to identify all similarities/differences between different species/groups 1

and genes/DNA sequences that are unique particular groups or that
control particular traits

(can use the information to) deduce evolutionary relationships or when
traits evolved or how traits have changed over time

1

Total 4

(e) Explain bioinformatics and why it is important to the field of comparative genomics. (4 marks)

Description | Marks

Bioinformatics

Any two of:

» science of analysing large/complex data sets in biology

« multidisciplinary or applies computers/mathematics/statistics to the
study of problems in (molecular) biology 1-2

* involves the development of software or storage/analysis of
biological/molecular data

Subtotal 2
Importance to comparative genomics
comparative genomics produces very large data sets 1
specialised computing/analyses provided by bioinformatics is needed to
store/analyse such large data sets or traditional methods for analysing 1
genetic data are not capable of storing/analysing such large data sets

Subtotal 2

Total 4
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2020 The malleefowl! (Leipoa ocellata) is a ground-dwelling bird that is found in scrubland in southern
Section 2 | Australia. It is vulnerable to extinction.

Question
33 (a) The following terms are relevant to developing conservation plans for the malleefowl. Define
each term.
Continuity | (i) Gene pool (1 mark)
of life on
Earth —
Description Marks
all of the genes/alleles/genetic diversity/genetic information in a 1
population/species
Total 1
(ii) Population dynamics (1 mark)
Description Marks
study of changes in population size or of how and why populations 1
change size or of size and age composition of populations
Total 1
(iii) Biogeography (1 mark)
Description Marks
study of the geographical distribution of organisms/species/ 1
communities
Total 1
(iv) Reproductive behaviour (1 mark)
Description Marks
behaviour associated with mating or rearing young 1
Total 1

(b) To investigate genetic diversity, biologists produced DNA profiles for malleefowl. List the main
steps involved in producing a DNA profile. (4 marks)

Description Marks

extract/isolate/obtain DNA (from the malleefowl) 1
(PCR) amplify DNA/make large amounts of DNA/clone DNA 1
use electrophoresis to separate DNA fragments/pieces or to visualise 1
DNA
record DNA sequence or number of short tandem repeats/STRs or 1
restriction enzyme fragments

Total 4
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(c) Biologists are breeding malleefowl in captivity to assist in the recovery of wild populations.
Describe two ways in which captive breeding can assist in the recovery of wild populations. (4
marks)

Description Marks

* release genetically diverse individuals to 1-2
» boost/maintain genetic diversity (of wild populations)

Subtotal 2
+ release additional/large numbers of individuals to 1-2
* boost population size

Subtotal 2

Total 4

(d) Explain how a consideration of population dynamics can assist conservation planning to maintain
viable gene pools in a vulnerable species, such as the malleefowl. (4 marks)

Description Marks

can identify trends in population size or when populations will grow/decline 1

smallest population sizes pose the most risk to gene pool or population 1

will lose genetic diversity when small

(therefore) conservation planning should be based around smallest

population size or should allow for times when population numbers will 1

drop or should consider small sizes in the past

can identify and potentially correct factors that cause numbers to drop 1
Total 4

(e) Habitat destruction has reduced the opportunity for gene flow between malleefowl populations.
Explain how gene flow affects the gene pool of a population. (4 marks)

Description | Marks
Any four of:
» gene flow is the exchange of genetic material/alleles between
populations
» gene flow/migrants/immigrants can bring new alleles into the gene
pool/population
» because they come from populations with different alleles %

+ gene flow/migrants/immigrants can change allele frequencies in the
allele in the gene pool/population

* because they come from populations with different allele frequencies

+ gene flow/migrants/immigrants reduce differences between the gene
pool of the source and recipient populations

Total 4
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Question

35

Continuity
of life on
Earth

Glossopteris is a genus of flowerless seed ferns, common 250 million years ago, it is now extinct.
Many species of Glossopteris have been identified from leaf fossils.

(a) (i) Define the term ‘fossil’. (1 mark)

Description Marks
preserved remains/impression/traces of an old/ancient/extinct 1
organism
Total 1

(i) Outline how fossils can provide evidence for evolution. (3 marks)

Description Marks
show past life/extinct organisms 1
show that life has changed over time or that life on earth has a 1
long history
show how one type of organism/structure has transitioned to
another
Total 3

It has not been possible to determine the total number of Glossopteris species because the fossil
record is incomplete.

(b) List four reasons why the fossil record is incomplete. (4 marks)

Description | Marks
Any four of:
« only hard parts are likely to form fossils or soft parts are unlikely to
form fossils

« only organisms that avoid decomposition/scavengers/predators form
fossils or fossils only form in areas with no oxygen/bacteria

» only organisms that are buried in sediment/mineral rich water form 14
fossils or rapid burial

» not all fossils have been found yet

« some fossils have been destroyed (by volcanic eruptions/human

activities/earthquakes)
Total 4
(c) (i) Approximately when did life first evolve on Earth? (1 mark)
Description Marks
3.5 billion years ago (accept any answer between 3 and 4 billion) 1
or Archaean or Palaeozoic
Total 1
(i) Describe the first life forms on Earth. (3 marks)
Description | Marks
Any three of:
* microbes/single cell
+ simple cells/prokaryotes 1-3
* bacteria/bacteria-like/archaea
» aquatic/anaerobes/marine
Total 3
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The table below shows the number of amino acid differences in a protein molecule in five different
types of monkey.

Saki Macaque Colobus Squirrel Woolly
Saki
Macaque 6
Colobus 8 2
Squirrel 4 7 9
Woolly 1 8 8 4

(d) Use these data to describe the evolutionary relationships of these monkeys. (4 marks)

Description Marks

saki and woolly are closely related/most closely related 1
colobus and macaque are closely related/next most closely related 1
squirrel, saki and woolly form a related group or colobus and macaque are 1
distantly related to others or form a distinctive group
any accurate quote of data (must give names of monkeys and number of 1
amino acid substitutions)

Total 4

(e) Explain how differences in the amino acid sequence of a protein can provide evidence of
evolutionary relationships between organisms. (4 marks)

Description | Marks
Any four of:
Either
» sequence of amino acids in a protein is determined by a DNA
sequence

« the more similar the amino acids, the more similar the DNA sequence
« organisms with similar DNA/amino acid sequences are closely related
* because they diverged more recently

* less time to accumulate mutations/differences

or
* sequence of amino acids in a protein is determined by a DNA i
sequence
» the more different the amino acids, the more different the DNA
sequence
* organisms with different DNA/amino acid sequences are not closely
related
* because they diverge a long time ago
* more time to accumulate mutations/differences
Total 4
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2019
Section 2
Question

31

Continuity
of life on
Earth

(a) Define a species. (2 marks)

Dung beetles are a type of insect and feed on animal faeces. A recent survey identified over 500
species of dung beetle that are native to Australia.

Description

Marks

Any two of:

Mark one species definition only

Either

Defines the biological species concept

« agroup of organisms that interbreed

» to produce fertile offspring

* cannot breed with the individuals of another species

or

Defines the phenetic species concept

* agroup of organisms that are similar to each other

* and are distinct from those in other sets

* based on overall similarity (genetic morphological, ecological)
or

Defines the evolutionary species concept

* alineage of organisms that maintains its identity from other lineages
* and has its own evolutionary tendencies and fate

or

Provides a taxonomic definition

* taxonomic unit/category

» thatis below genus or that comprises populations

* main taxonomic/working unit (in biology)

Total

Accept other valid species definition

(b) Explain how new species of dung beetle could evolve by allopatric speciation. (5 marks)

Description | Marks

Explains the process of allopatric speciation (any five of):
» a physical barrier divides population/geographical isolation
« prevents gene flow (between the different populations) or individuals

(from the different populations) from interbreeding
* environment/conditions/selection pressures on either side of barrier

are different
* population on either side of barrier become different due to natural 1-5

selection
* may also become different due to mutation or genetic drift
» differences will increase/accumulate over time
* if individuals are no longer able to interbreed, new species or

speciation

Total 5

Most dung beetle populations are small and experience genetic drift.

(c) Describe how genetic drift affects the genetic composition of populations. (3 marks)

Description | Marks
Describes the process of genetic drift (any three of):
* changes allele frequencies
* changes are random or occur by chance 1-3
* (causes) loss of diversity/alleles from a population
* (causes) differences between populations
Total 3
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One species of dung beetle has males with larger horns than the females. The larger horns make
movement and eating more difficult.

(d) Explain how the larger horns in the males of this species could have evolved. (5 marks)

Description Marks
states that larger horns have evolved by sexual selection or due to their 1
disadvantageous effects
Subtotal 1

Explains how larger horns evolved by sexual selection:

* larger horns are not favoured by natural selection

» females preferred the males with larger horns/males out-compete
other males to mate with females

* males with larger horns were more likely to mate or breed 1-4

» therefore males with larger horns left more offspring than males with
smaller horns or passed on allele/s for larger horns to offspring

» therefore the frequency of allele/s for large horns increased over time

Total 5

A biologist constructed a phylogenetic tree showing the evolutionary relationships among the
Australian species of dung beetle.

(e) Explain how a phylogenetic tree can represent the evolutionary relationships among different
species. (4 marks)

Description | Marks
Explains how a phylogenetic tree can represent the evolutionary relationships (any
four of):
* branching of the tree represents the relationships
recent/descendent species are at the tips of branches
shared/common ancestors are at base/trunk of the tree
nodes/branching point represent a common ancestor
branch length represents divergence time/similarities/differences 14
closely related species will be grouped in same part of tree or
unrelated species will be grouped in different parts of tree
» tree constructed from DNA/morphological/biochemical data (which

reflect relationships)

Total 4
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Unit 3 - Section 3 Questions

Section 3
2023 The Montara oil spill, which occurred off the northwest coast of Western Australia in August 2009, is
Section 3 | classed as one of the worse oil disasters in Australian waters. Oil spills are initially treated with
Question detergents (to disperse the spill) and fire, but genetically-modified bacteria that can digest the oil are
36 sometimes also used.
Unit 3 - (a) Describe how recombinant DNA technology is used to genetically modify bacteria to digest oil
Section 3 | and discuss two advantages and two disadvantages of using a genetically-modified microorganism

for environmental conservation. (10 marks)

Gene pools are dynamic, with changes in allele frequencies being caused by several factors,
including mutation and genetic drift.

(b) Describe how mutation and genetic drift change the frequency of alleles in a population and
explain the significance of these changes. (10 marks)
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2023
Section 3
Question

37

Unit 3 -
Section 3

The genetic code is used to convert the information in a gene into a specific protein.

(a) Explain how the genetic code converts the information in a gene into a specific protein. (10
marks)

The Woylie is a critically-endangered Australian mammal. Some populations are held in wildlife
sanctuaries. Woylies have been translocated from the Karakamia Wildlife Sanctuary east of Perth to
a sanctuary in the Northern Territory, where they have been locally extinct for 60 years.

(b) Explain how DNA profiling and a consideration of population dynamics can help to ensure that
the gene pool of the woylies translocated to the sanctuary in the Northern Territory is viable. (10
marks)
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2022
Section 3
Question

36

Unit 3 -
Section 3

New species can arise via several processes, including allopatric speciation.
(a) Describe how new species can arise via allopatric speciation. (10 marks)
Proteins are essential to cell structure and functioning.

(b) Explain how structural proteins are essential to cellular structure and how enzymes are essential
for cellular functioning. Include specific examples in your answer. (10 marks)
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2022 Cell reproduction is needed for growth and to replace damaged cells. It involves DNA replication
Section 3 | followed by mitosis.

Question
37 (a) Describe how a DNA molecule replicates itself and the process of mitosis. (10 marks)
Unit 3 - The woolly mammoth (a large hairy mammal) was once common and widespread. Most populations

Section 3 became extinct about 10 000 years ago, but a small population survived on an island until about
4000 years ago. Reduced genetic diversity played a major role in the extinction of this island
population.

(b) Explain why genetic diversity is reduced in small populations and why populations with reduced
genetic diversity face an increased risk of extinction. (10 marks)
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2021 The phenotypic expression of some genes depends on interactions with the environment.
Section 3

Question (a) Outline the four main steps involved in gene expression. Explain, using examples, how the
36 phenotypic expression of a gene can depend on interactions with the environment. (10 marks)
Unit 3 — (b) Explain sexual selection and how it is similar to, and different from, natural selection. Include a

Section 3 | specific example of a trait that evolved by sexual selection in your answer. (10 marks)
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2021 The soapberry bug is native to Florida. It feeds on seeds of the balloon vine, a plant which is also
Section 3 | native to the state. The golden rain tree was introduced to Florida in the 1950s and, soon
Question | afterwards, the soapberry bug began feeding on the fruit of this plant as well.

37
The soapberry bug feeds by inserting its beak through the fruit into the seed. A longer beak is
Unit 3 — required to reach the seed in larger fruit and vice versa. The graphs below show data collected in
Section 3 | 1990 on:

e soapberry bugs and balloon vine fruit at Key Largo; and
e soapberry bugs and golden rain tree fruit at Lake Wales.

Graph A - Beak length

Graph A shows the beak T‘G 10| Beak length
lengths of soapberry bugs 3 27|/ mm on balloon vine
feeding on balloon vine % 4413 on golden rain tree
fruit at Key Largo and on £ 2
golden rain tree fruit at 2 3:
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(a) Using your knowledge of microevolutionary forces and the data provided, explain how the
soapberry bugs feeding on the fruits of the golden rain tree came to have much shorter beaks than
the soapberry bugs feeding on the fruit of the balloon vine. (10 marks)

Mutations can arise from several sources, including chemical factors in the environment. The
consequences of mutation depend on whether it occurs in a germline cell or in a somatic cell.

(b) Explain, including examples, how chemical factors in the environment can cause mutations and
discuss the consequences of a mutation occurring in a germline cell and in a somatic cell. (10
marks)
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