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Section I – 20 marks 
Attempt Questions 1-20 
Allow about 35 minutes for this part 
Use the multiple-choice answer sheet provided for Questions 1-20 

 

1. Giardia is a pathogen of the vertebrate gut and is transmitted in water. It possesses mitochondria 
but lacks a cell wall. Giardia is a: 

A. fungus. 
B. protozoan. 
C. bacterium.   
D. There is not enough information to distinguish between the above possibilities.  

 

2. Which of the following lists only types of non-Mendelian inheritance? 

A. Multiple alleles, autosomal dominant, sex-linked recessive 
B. Multiple alleles, incomplete dominance, autosomal recessive 
C. Incomplete dominance, polygenic, codominance 
D. Incomplete dominance, codominance, autosomal dominant   

 

3. The following pedigree shows the inheritance of an autosomal trait over three generations in a 
human family. 

Individuals 5 and 6 are planning to have another child. What is the probability that this child will 
inherit the trait?  

A.  75% 
B.  50% 
C.  33% 
D.  25% 
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4. Below is a diagram of a process during protein synthesis: 

Determine the sequence of the section of DNA coding strand that codes for the amino acid ‘Asp’ 

A.   C T A 
B.   C U A 
C.   G A T 
D.   G A U  

 

5. In the human ABO blood group system, the alleles for antigens A and B are both expressed in an 
individual carrying both alleles. 

 
This is an example of: 

A. incomplete dominance  
B. polygenic expression 
C. hybrid vigour 
D. codominance 

 

6. Some scientists were comparing a gene mutation found on human chromosome 13. They 
compared the base sequence of 113 600 people. The mutation can be seen below: 

Normal base sequence:    ATAGCTATC 
Mutated base sequence:   ATAGCTTTC 

What is the minimum number of people that must have the mutated base sequence for it to be 
classified as a single nucleotide polymorphism (SNP)? 

A. 11 
B. 113 
C. 1 136 
D. 11 360 

7. Which of the following statements relating to genetic change is CORRECT? 
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A. A frameshift mutation results from the cutting and splicing of sections of a chromosome. 
B. A base substitution affects many genes in one chromosome. 
C. All changes to base pair sequences in coding regions of DNA result in phenotypic change. 
D. Mutations in non-coding DNA regions can result in phenotypic changes. 

 

8. The diagram below shows electropherograms for DNA profiles of three modern human populations 
(W, X and Y) and one ancient human population (Z). The electropherograms show which nucleotide 
is present in each of seven single nucleotide polymorphisms (SNPs) for each population. 

A SNP is a variation in a single nucleotide at a specific location in the genome. For example, the SNP 
rs12913832 has either guanine (G) or adenine (A). 

 

Which one of the following statements is consistent with the information in the 
electropherograms? 

A. The modern populations do not show enough similarity to the ancient population to 
indicate a close relationship. 

B. Population X is the modern population that is most similar to population Z because only one 
nucleotide base is different. 

C. Population W is older than population X and population Y. 
D. Population X is more closely related to population Y than population Z is to population Y. 
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9. The image below shows three examples of chromosomal mutations. 

 Which option correctly identifies the type of mutation for example number 2? 

A. Deletion 
B. Duplication 
C. Inversion 
D. Translocation     

 

10. Which of the following would lead to a decrease in genetic diversity in a population? 

A. Migratory birds mating as they travel throughout their migration 
B. Producing Bt cotton by introducing a transgenic gene into a regular cotton plant 
C. Using one ‘stud bull’ to mate with a number of female cows 
D. Bees pollinating a flowering plant, causing the plant to produce seeds 

 

11. Farmers use artificial pollination or artificial insemination to improve the quality or yield of their 
products for sale. 

Which of the following is a similarity between artificial pollination and artificial insemination? 

A. Both techniques introduce DNA from one organism to produce new individuals with 
desirable traits. 

B. Both techniques create exact copies of new individuals with desirable traits. 
C. Both techniques select gametes from individuals with desirable traits to be passed to 

offspring. 
D. Both techniques switch genes on or off to produce new individuals with desirable traits.  
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12. A genetics research company has developed a new biotechnology but is facing resistance from 
members of the community who believe the process is unacceptable under their religious beliefs. 

This would be an example of which of the following? 

A. A social implication 
B. A cultural influence 
C. An ethical implication 
D. An economic influence 

 

13. Avian influenza (bird flu) is a highly infectious disease in agricultural birds such as chickens, turkeys 
and ducks. It is difficult to detect as many wild bird species can carry the virus but do not show 
symptoms. 

Symptoms of the disease include: 

● Sudden death 
● Ruffled feathers 
● Inability to walk, stand or move 
● Drop in egg production 

The disease is spread through animal to animal contact, bites and scratches, air, faeces, clothing, 
footwear, equipment such as cages, feed and water containers and vehicles, and contaminated 
meat/eggs. 

Which of the following strategies would NOT be helpful to prevent the spread of an Avian influenza 
outbreak? 

A. Use of antibiotics 
B. Cleaning of equipment 
C. Limiting contact between agricultural birds and wild birds 
D. Quarantine 
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14.  In the 19th century, Robert Koch developed a series of criteria to determine 

A. the rate of microbial growth. 
B. the microbial cause of an infectious disease. 
C. the ability of microbes to generate spontaneously. 
D.  the most effective antibiotic treatment for a particular disease.  

 

15. What is the role of the helper T-cell? 

A. Secrete proteins known as antibodies, which act to neutralise the extracellular pathogen 
B. Once activated, will release cytokines to activate the humoral and cell-mediated immune 

response 
C. Clone themselves and remain in the body to respond to future exposure from the same 

pathogen. 
D. Produce many copies of themselves, travel to the site of infection and release cytokines to 

destroy the infected cell.  

 

16. Helicobacter pylori is a bacterial pathogen known to cause stomach infections and ulcers. It uses 
chemotaxis (movement along a concentration gradient) to move through the stomach’s acidic 
mucus and bind to the less acidic epithelial cells underneath, helped by its flagella which allow it to 
move in a screw-like motion through the mucus lining. It also secretes urease, an enzyme that helps 
to neutralise the acid around it. 

 
Source: Boston University (2017) 

Flagella and urease production in Helicobacter pylori represent which of the following? 

A. Adaptations to create an acidic environment 
B. Adaptations to survive and move through its environment 
C. Physical and chemical changes that occur in host cells 
D. The host response to infection  
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17. The following photograph shows the results of an experiment designed to compare the efficacy of 
different antibiotics against a particular strain of bacteria which had been evenly inoculated across 
the agar plate. The antibiotics present in each disc are labelled A to E. 

 

What conclusion can be drawn from the photograph? 

A. Antibiotic D is the most effective against that strain of bacteria. 
B. Antibiotic B is the most effective against that strain of bacteria. 
C. Antibiotic B is the most effective antibiotic. 
D. Antibiotic D is a wide spectrum antibiotic.   

 

18. The diagram below represents one aspect of the adaptive immune system response in humans. 

 

Which of the following rows correctly identifies A and B? 
 

 A B 

A.  Phagocytes Antigens 

B.  Plasma cells Antibodies 

C.  Macrophages Virus particles 

D.  Antigens Antibodies 

  

A 

B 
C 

D 

E 
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19. Which of the following best describes a negative feedback mechanism? 

A. A system of homeostatic regulation in which an increase in one factor triggers a pathway 
that counteracts the increase 

B. A system of homeostatic regulation in which factors oscillate around a set point 
C. A system of homeostatic regulation in which the nervous system counteracts changes 
D. A system of homeostatic regulation in which an increase in one factor triggers a pathway 

that leads to further increase in that factor 
 

20. Which of the following rows correctly identifies the components of a thermoregulatory negative 
feedback loop? 
 

 Stimulus Control Centre Response 

A.  Increased temperature Hypothalamus Vasodilation 

B.  Decreased temperature Hypothalamus Vasodilation 

C.  Decreased temperature Hippocampus Vasoconstriction 

D.  Increased temperature Pancreas Vasoconstriction 
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Section II – 80 marks  
Attempt Questions 21-33 
Allow about 2 hours and 25 minutes for this part 
 
Instructions  
Write Student Name at the top of each page.  
Answer the questions in the spaces provided. 
These spaces provide guidance for the expected length of response.  
Show all relevant working in questions involving calculations. 
 

 
Question 21 (4 marks) 

Use the pedigree below to answer the following questions: 

a) Identify the mode of inheritance.           1 

 

…………………………………………………………………………………………………………………………………………………………..  

 

b) Individual II-3 wants to conceive a child with an affected female. Show your working to calculate 
the phenotypic AND genotypic ratio of their potential offspring.      3 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 
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Question 22 (6 marks) 

Use the diagram below to answer the following questions: 

 
a) Identify the day on which ovulation would most likely occur.       1 

 

…………………………………………………………………………………………………………………………………………………………..  

 

b) Outline the role of progesterone once an egg has been fertilised.       2 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

 

 

 

 

 

Question 22 continues on the next page.  
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Question 22 continued. 

c) Hypopituitarism is a disorder in which the pituitary gland is unable to produce hormones such as 
FSH and LH. 

Use the diagram and your understanding of female reproductive hormones to explain the impact 
this disorder would have on a woman’s menstrual cycle and ability to conceive a child.  3 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..   

………………………………………………………………………………………………………………………………………………………….. 
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Question 23 (5 marks) 

A family had a child with cystic fibrosis, a heritable, autosomal recessive genetic disorder that results in the 
production of highly sticky mucus in both the lungs and digestive tract and can prove life-threatening. The 
father of the child is known to have a family history of cystic fibrosis, however, he does not have the 
condition. It was not known whether the mother had a family history of cystic fibrosis, but she does not 
have the condition. 

The family requested a genetic test and the following DNA profile was obtained. 

 
a) Identify which segment from the DNA profile contains the allele that is responsible for cystic 

fibrosis and provide a reason for your selection        
 2 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

 

b) Outline the process of DNA profiling.         3 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  
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           …………………………………………………………………………………………………………………………………………………………..  

Question 24 (6 marks) 

The year 2023 marks the 70th anniversary of the 
publication of the Nature article in which James Watson 
and Francis Crick described the molecular structure of 
DNA. 

 

Six years earlier, in 1947, J. Michael Creeth, of the 
University College Nottingham, published a paper in 
which he provided evidence for the presence of 
hydrogen bonding between purine and pyrimidine bases 
in DNA. This knowledge, now referred to as 
complementary base pairing, paved the way for the 
ultimate determination of the structure of the DNA 
double helix and is crucial to understanding nucleic acid 
function and current biotechnological processes based 
on DNA. 

 

 

 

 

 

Describe the role of complementary base pairing in the process of polypeptide synthesis and discuss the 
importance of complementary base pairing in ONE of the following biotechnological processes:  
PCR (polymerase chain reaction) OR CRISPR-Cas9 editing.        6  

 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………    
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Writing space continues on the next page.   

Question 24 continued. 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

……………………………………………………………………………………………………………………………………………………………………… 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

 

Question 25 (4 marks) 

Discuss how the processes of gamete formation and fertilisation contribute to variation in the offspring in 
humans.              4 

 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   
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Question 26 (2 marks) 

Phenotypic expression of certain genotypes can also be affected by environmental factors.  

Discuss an example of a trait in a named organism that is affected by both genes and environment.  2 

 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

……………………………………………………………………………………………………………………………………………………………………… 
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Question 27 (7 marks) 

The cheetah (Acinonyx jubatus) is a vulnerable species of large cat, known for being the fastest land 
animal. Since the 19th century, it is estimated that the cheetah population has declined from 100,000 to 
approximately 8,000 cheetahs. 

The cheetah faces extinction due to climate change, hunting by humans and habitat destruction. They also 
have a low rate of reproductive success. Present-day cheetahs also have low genetic variability, increasing 
the rate of inbreeding among individuals. 

 
The distribution of subspecies of the cheetah, as of 2015, can be seen in the image below: 

 

The following could have a potential effect on the future gene pool of the cheetah: 

● mutation 
● gene flow 
● genetic drift 

Explain how each of the above could impact the gene pool of the cheetah.     7 

Writing space is on the next page. 
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Question 27 writing space 

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   
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Question 28 (3 marks) 

Endangered species are under threat from many factors, including human-induced climate change, habitat 
destruction and hunting. 

Outline an example of how population genetics data or genetic technologies are being used to assist in the 

conservation of a named endangered animal or plant species.        3 

 

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………   

………………………………………………………………………………………………………………………………………………………………………  

………………………………………………………………………………………………………………………………………………………………………   
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Question 29 (10 marks) 

The following diagram illustrates the general features of a technique used in biotechnology. 

 
a) The above diagram shows some of the forms in which DNA occurs in prokaryotic and eukaryotic 

cells. Describe two differences between eukaryotic and prokaryotic forms of DNA.   2 

 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

 

b) Using examples, justify the application of the process illustrated above in agriculture and medicine.
             8 

 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

Writing space continues on the next page. 
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Question 29b writing space continued 

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  
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Question 30 (7 marks) 

A plant pathologist observed brown spots developing on the leaves of a 
lemon tree and wanted to determine the cause of the disease. 

The pathologist suspected the tree was suffering from a bacterial 
disease, caused by infection with Xanthomonas citri. 

 

a) Describe a method the pathologist could use to test the hypothesis that the suspected bacterium is 
the cause of the disease.            4 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

 

b) Explain the response of a named Australian plant to a named pathogen.      3 

 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

…………………………………………………………………………………………………………………………………………………………..  
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Question 31 (9 marks) 

Human African trypanosomiasis (HAT), commonly known as sleeping sickness, is a disease caused 
by the protozoan, Trypanosoma brucei, and is carried by the tsetse fly, Glossina sp. There are two 
trypanosome subspecies that affect humans: T. brucei gambiense and T. brucei rhodesiense.  

A third subspecies, T. brucei brucei, only affects cattle. All humans possess a protein that protects 
them against infection with T. brucei brucei. The protein, called APO L1, causes the trypanosomes 
to break open before they can cause disease. 

The life cycle of the two subspecies that affect humans is illustrated in the figure below. 

 

 

Question 31 continues on the next page 

Question 31 continued. 
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a) The figure above illustrates proliferation by binary fission at various stages in the life cycle of the 
trypanosome. Indeed, until recently, there was little evidence of sexual reproduction in the life 
cycle of trypanosomes.   

Discuss the benefits to the trypanosome of carrying out asexual reproduction in the human host.  2 

 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

 

b) In recent studies, scientists have identified proteins associated with meiosis in trypanosomes and it 
is believed that the sexual phase occurs in the salivary glands of the tsetse fly. The discovery of 
hybrid trypanosomes in humans and haploid trypanosomes in tsetse flies provided further evidence 
of sexual reproduction in trypanosomes.  

While these discoveries supported the idea that trypanosomes have a sexual phase, they have 
caused concern among epidemiologists over the potential for trypanosomes to develop drug 
resistance. 

Why would these recent discoveries cause this concern among epidemiologists?    2 

 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

 

Question 31 continues on the next page 

 

Question 31 continued 
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c) Describe TWO strategies, other than administration of drugs or vaccines, that could be 
implemented to help control the spread of human African trypanosomiasis.     2 

 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

………………………………………………………………………………………………………………………………………………………….. 

…………………………………………………………………………………………………………………………………………………………..  

 

d) In an analysis of current strategies for the eradication of human African trypanosomiasis, Babokhov 
and co-workers wrote: 

“The biggest obstacle in the fight against HAT is that there is still no effective vaccine against 
both human pathogenic subspecies. Creating any sort of vaccine against trypanosomes is 
difficult due to antigenic variation. The constant changes of the VSG [variant surface 
glycoprotein] coat allow the parasite to evade immune defences.”  

 Justify this statement, using your knowledge of vaccine function.      3 

 

…………………………………………………………………………………………………………………………………………………………..  
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Question 32 (9 marks) 
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Alpha-gal is a sugar molecule found in most mammals and mammalian products such as beef, pork, 
lamb, cow’s milk products and gelatine. It is not found in primate mammals, including humans.  

Alpha-gal syndrome (AGS) is a condition where an affected person will have a serious, life-
threatening allergic reaction to food products containing alpha-gal sugar. The syndrome is triggered 
when a tick (a macroparasite) bites a mammal that produces the alpha-gal sugar and then bites a 
human. An example of the tick can be seen in the image below. 

 
 
 

a) Evidence suggests that after a human is bitten by such a tick, an immune response is triggered. This 
is because antibodies specific to the alpha-gal sugar are found in the blood of the affected person. 

Describe the processes involved in the production of antibodies to the alpha-gal sugar.     5 
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Question 32 continues on the next page. 

Question 32 continued. 
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b) Scientists have found that alpha-gal is unable to be passed from human to human. Is alpha-gal 
syndrome an infectious or non-infectious disease? 

Justify your answer.             4 
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Question 33 (8 marks) 

Type 1 diabetes is a condition in which the pancreas produces little or no insulin. The diagram 
below shows the negative feedback loop of glucose control in a person without Type 1 Diabetes. 

 

 

 

a) With reference to the feedback loop above, explain why a person with Type 1 Diabetes must inject 
insulin when they eat.            4 
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Question 33 continues on the next page  



30 

Question 33 continued. 

b) The graph below shows the levels of glucose in the blood of a healthy individual over time. Arrows 
indicate events that would influence the levels of blood glucose.  

i) Add labels to the arrows indicating when the individual ate and exercised.   1 

ii) Add one labelled line to the graph to indicate how levels of insulin would change over the 
same period. Add another labelled line to the graph to indicate how levels of glucagon 
would change over the same period.  Note the vertical scale is arbitrary.    3 
 

 

 

 

 

 

End of Exam 
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Section II: 
Q 21 

 
 
 



Criteria Marks 

●​ Student correctly identifies that person II-3 is heterozygous 
●​ Student correctly identifies that the phenotype 

 

  

 

 
Markers note: many students did not include a key and some didn’t follow conventions (capital letter for dominant allele, lower case for recessive, 
clear distinction between the two in terms of letter choice and dominant always placed first in genotype) 
“Homozygous” is not enough information, “homozygous recessive” or “homozygous dominant” 
Explicitly distinguish between phenotype and genotype when you present the results to ensure that you demonstrate knowledge of key terms. 
 
Q22 
a) 



 
 
 
 
 
b) 

c) 
 
 
 
 
 



Criteria Marks 

Explains impact with reference to diagram and role of FSH and/or LH 
in terms of either stimulation of follicle production or interaction with 
other hormones. 

3 

Explains impact with reference to role of FSH and/or LH in terms of 
stimulation of follicle production and/or interaction with other hormones 

2 

Provides some relevant information 1 

Sample answer (note: if LH and FSH are treated holistically it would be reasonable) 
FSH and LH are released by the pituitary gland and FSH stimulates the development of follicles in the ovary from which eggs are released. At low levels both 
hormones also stimulate the release of oestrogen, which can be seen in days 27 to 4 on the graph, leading to further development of the follicle. Therefore, if a 
woman had hypopituitarism, causing a lack of these hormones, she would be infertile due to an inability to trigger the development of the follicle and then to 
ovulate. 
 
Markers note: this was marked generously with regards to reference to the diagram, be explicit in your wording. 
Statements such as “will impact the person’s fertility” are meaningless unless you state the direction of impact (i.e. is it increasing or decreasing?). This is a 
common problem in responses in general. 
Be specific. Don’t just say “FSH is critically important”, state why… “FSH is a hormone that stimulates the development of follicles from which ova are 
released”... that then links more strongly to your reasoning about how it affects fertility. 
 
Q23a 

 
Markers notes: if appropriate justification and wording is made, child missing an allele that both parents have is also a reasonable interpretation, 
which makes segment 1 a reasonable answer. 



Justifications need to provide complete reasoning, i.e. not only that the segment chosen meets the criteria, but also that no other segments do. 
 
Q23b 

 
Sample answer 
DNA profiling makes use of fragments of DNA known as short tandem repeats (STRs). STRs 
are non-coding regions of DNA and the number of repeats is unique to each individual 
person. The basic steps are as follows: 
1. DNA is isolated and STRs are separated. They undergo polymerase chain reaction to 
increase the amount of DNA in the sample. 
2. The sample then undergoes gel electrophoresis where fragments are separated by 
length. Short fragments will travel further in the gel than longer fragments. 
3. The pattern created in the gel can then be used to compare STRs between individuals. 
The more similar the pattern, the more closely related the individuals are. 
 
Q 24 

Describe the role of complementary base pairing in the process of polypeptide synthesis and discuss the importance of complementary base 

pairing in ONE of the following biotechnological processes: ​
PCR (polymerase chain reaction) OR CRISPR-Cas9 editing.  

 
 

Criteria Marks 

●​ Correctly describes complementary base pairing, A-T, G-C 
●​ Demonstrates a thorough understanding of the role of base pairing in polypeptide 

synthesis, including reference to synthesis of mRNA from DNA and the binding of 
mRNA to tRNA 

●​ Demonstrates a thorough understanding of the importance of complementary 

6 



base pairing in one biotechnology, including: 
○​ A description of the technology 
○​ An accurate outline of the process involved in the technology, highlighting 

the role of complementary base pairing 

●​ Correctly describes complementary base pairing, may include A-T, C-G 
●​ Demonstrates a sound understanding of the role of base pairing in polypeptide 

synthesis, including reference to synthesis of mRNA from DNA and the binding of 
mRNA to tRNA 

●​ Demonstrates a sound or thorough understanding of the importance of 
complementary base pairing in one biotechnology 

4-5 

●​ Some description of complementary base pairing 
●​ Demonstrates some understanding of the role of base pairing in polypeptide 

synthesis 
OR 

●​ Demonstrates some understanding of the importance of complementary base 
pairing in one biotechnology 

2-3 

●​ Provides some relevant information  

 
 
 
Sample Answer 
Complementary base pairing involves the exact binding of thymine with adenine and 
cytosine with guanine. Its role is crucial in ensuring exact copying of nucleotide 
strands. 
During protein synthesis, complementary RNA nucleotides must bind with the correct 
base in the DNA to produce a complementary nucleotide sequence on the mRNA. 
This mRNA leaves the nucleus and attaches to a ribosome, where tRNA molecules 
with complementary anticodons attach to the mRNA codons and bring the correct 
amino acids into line so that a polypeptide can be made. The complementary base 
pairing of nucleotides ensures that the genetic code in the DNA is correctly 
transcribed and translated to produce the correct amino acid sequence in the 
resulting polypeptide. Any error in the amino acid sequence could potentially cause a 
Mutation.                                                                                                                                                
PCR is used to make multiple, exact copies of DNA. It is used to increase (amplify) 
the amount of DNA from a small sample so that there is enough to analyse in 
applications such as DNA profiling. The DNA to be copied is heated to separate the 
two strands and DNA primers, free nucleotides and DNA polymerase are added. The 
DNA primer binds to the starting sequence on the single strands of DNA by 



complementary base pairing. The DNA polymerase then attaches free nucleotides to 
the exposed bases on the single strands. Complementary base pairing ensures that 
the primer binds to the DNA and the correct bases bind to the single strands 
throughout the process so that exact copies of the DNA are produced. The process is 
repeated many times to amplify the DNA. 
In CRISPR technology, complementary base pairing allows for very accurate editing 
of DNA. The DNA to be edited is targeted by a guide RNA attached to a Cas9 
enzyme. The guide RNA must have a base sequence complementary to the specific 
sequence on the target DNA. Complementary base pairing ensures that the enzyme 
is brought into the exact position to cut the DNA at the desired location. The process 
is derived from bacteria that use it to remove viral genes that have been inserted into 
their genome. It is used in biotechnology to insert genes from one species into 
another to produce recombinant DNA and has the potential to allow healthy genes to 
be inserted into the genome of patients suffering from genetic diseases, such as 
cystic fibrosis. 
 
Markers notes:so many students didn’t make clear what complementary base pairing actually is- A-T/C-G. MAny did not make that the focus of 
the question, instead got lost in the mechanics of processes. Refer to the outline of the general process, focusing in what is key in the question: 
importance of CBP. Why do these bases NEED to be complimentary?? What are they actually carrying around - the GENETIC CODE - it needs 
to be an EXACT replica of te DNA! 
 
 
 
 
 
Q25 



 
Markers notes:Essential to ALWAYS talk about the THREE processes in meiosis that contribute to genetic variation: crossing over AND describe 
it; random segregation AND independent assortment. Don’t get caught up in the semantics of these last 2, they are always confused, but 
describe that the chromosomes are randomly separated and the alleles are independently assorted from one another into the gametes.AND 
fertilisation is the mixing of 2 different gametes 
 
 
 
 
 



 
Q26 

 
Also accepted: height and skin in humans (though named organism is “human” or “Homo sapiens” not “person”) 
Markers notes: quite a few students confused environmental influence on phenotype with environmental selection pressures, which is a 
misinterpretation of the question. 
 

 



Q27 
 

Criteria Marks 

●​ Student demonstrates extensive understanding of two of the 
following processes: mutation, genetic drift and gene flow 

●​ Student thoroughly explains how these processes could 
impact the future gene pool of the cheetah  

●​ Student uses the stimulus to support all explanations provided 

7 

●​ Student demonstrates thorough understanding of two of the 
following processes: mutation, genetic drift and gene flow 

●​ Student provides some explanation of how these processes 
could impact the future gene pool of the cheetah  

6 

●​ Student demonstrates a sound understanding of two of the 
following processes: mutation, genetic drift and gene flow 

●​ Student provides some explanation of how these processes 
could impact the gene pool of the cheetah 

4-5 

●​ Student demonstrates some understanding of: mutation and/or 
genetic drift and/or gene flow 

AND/OR 
●​ Student provides some explanation of changes in genes within 

a population and their subsequent impact on future cheetah 
populations​ ​  

2-3 

●​ Student provides some relevant information 1 

Markers notes: definitions are required to show thorough knowledge 
If all three terms were used, then marking was based on a balance across all three terms or the two terms that were written about most 
confidently depending on which would maximise marks. 
For thorough and above, knowledge had to be accurate, avoid contradictions and consistent throughout at least the two terms counted towards 
the mark.  
Definitions were treated as interchangeable between terms to allow for maximum marks in the instance where definitions were not provided for 
all terms discussed. The same goes for depth of engagement with stimulus material. 
Common misconception: inbreeding increases the rate of mutation. It increases the expression of recessive alleles (mutations that are often 
harmful), but does not make more mutations occur. 
Extensive vs thorough: linking very confidently to the stimulus material (seeing opportunities to relate ideas such as climate change to 
geographic isolation or disasters that might cause genetic drift) and showing depth of understanding of concepts (distinguishing between 



germline and somatic mutations, referring to alleles and allele frequencies accurately throughout, identifying causes of the processes, linking 
inbreeding to expression of alleles rather than increased number of mutations. 

 

 
 
 
 



 
 
 
Q28 
 

Criteria Marks 

●​ Clearly outlines an example of how population genetics data 
or genetics technologies are used in conservation of a named 
endangered animal or plant species 

3 

●​ Outlines an example of how population genetics data or 
genetics technologies are used in conservation  

2 

●​ Provides some relevant information 1 

 
 

 
 
Common issue was speaking too broadly about data types and technologies or referencing only the reproductive aspects of technologies such 
as IVF or cloning, without relating it to genetics. 



Another occasional problem was students referencing future technologies as if they were present day technologies - given the wording of the 
question this type of answer was not accepted unless it was made clear that the technology was not yet established for that species, but has 
potential. 
Another occasional problem was students using examples that related to non-endangered species, or including inaccurate statistics in their 
responses. 
 
 
 
Q29 
 

Criteria Marks 

●​ Describes TWO differences between eukaryotic and prokaryotic DNA 2 

●​ Describes ONE difference between eukaryotic and prokaryotic DNA 
OR 

●​ ONE difference described correctly for each of eukaryotic and prokaryotic DNA 

1 

 
Prokaryotic DNA: 

■​ Is found freely in the cytoplasm (within a region called the nucleoid) 
■​ Is naked (i.e. not bound with proteins and therefore doesn’t form chromatin) 
■​ Genomes are compact (contain little repetitive DNA and no introns) 
■​ Contains extra-chromosomal plasmids 
■​ Is circular in shape 

Eukaryotic DNA: 

■​ Is contained within a nucleus 
■​ Is bound to histone proteins 
■​ Genomes contain large amounts of non-coding and repetitive DNA (including introns) 
■​ Do not contain plasmids (but organelles such as the mitochondria may contain their own chromosomes) 
■​ Are linear in shape 

Prokaryotes have a single circular chromosome composed of double-stranded DNA, whereas eukaryotes have multiple, linear chromosomes composed of 
chromatin surrounded by a nuclear membrane 
A cell’s DNA, packaged as a double-stranded DNA molecule, is called its genome. In prokaryotes, the genome is composed of a single, double-stranded DNA 
molecule in the form of a loop or circle. The region in the cell containing this genetic material is called a nucleoid. Some prokaryotes also have smaller loops of 
DNA called plasmids 
NOTE: many students have confused single stranded DNA in prokaryotes- they are also double stranded. Viruses can be single stranded DNA or RNA, BUT 
prokaryotic DNA is double stranded 



 
Question 29b 

Criteria Marks 

●​ Demonstrates a thorough understanding of how recombinant DNA/plasmids are used in both agriculture and medicine 
●​ Provides reasoned justification thoroughly supported through at least TWO examples, one for medicine AND one for agriculture 
●​ Both given examples are thoroughly explained as transgenic organisms 

8 

●​ Demonstrates a thorough understanding of how recombinant DNA/plasmids are used in both agriculture and medicine 
●​ Provides reasoned justification thoroughly supported through at least TWO examples, one for medicine AND one for agriculture 
●​ Example/s are explained/ described as transgenic organisms 

7 

●​ Demonstrates an understanding of how recombinant DNA/plasmids are used in both agriculture and medicine 
●​ Provides some reasoned justification supported through at least TWO examples, one for medicine AND one for agriculture 
●​ Both given examples are described as transgenic organisms 

6 

●​ Demonstrates an understanding of how recombinant DNA/plasmids are used in agriculture AND/OR medicine 
●​ Provides some reason and/or justification supported through one example, one for medicine AND/OR one for agriculture 
●​ One given example is thoroughly explained as transgenic organisms OR both are described 

4-5 

●​ A relevant example/s identified/described  
●​ A reason given for its use 

2-3 

●​ Any relevant information 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Q30 a) 

 
NOTE: Must be clear that the isolated bacteria is grown in a culture (agar is ok), but not just ‘petri dish’ - what’s in the petri dish? 
​ Many students were missing the last step…. reisolate/culture & compare to original culture to ensure it’s the same 

Use specific terms: ‘isolate’; ‘pure culture’ 
 
Q30 b) 
 

Criteria Marks 

●​ Names an Australian plant 
●​ Names a pathogen that triggers a response in that plant 
●​ Explains the plants response to that pathogen 

3 

●​ Names an Australian plant 
●​ Names a pathogen or disease associated with a response in that plant 
●​ Describes the plants response or symptoms to that pathogen 

Or 
●​ Explains a response to a named pathogen of a non-Australian plant 

2 

TWO of: 
●​ Names a plant 
●​ Names a pathogen or disease that affects that plant 

1 



●​ Describes a plant response to a pathogen 
OR 

●​ Explains a plant response to a broad group of pathogens 
 

 
 
Markers notes: 
Common problems: 

-​ Using non-Australian examples 
-​ Naming disease rather than pathogen 
-​ Naming general defenses rather than responses - which needed to be explained, not just described. 

It was clear that many examples were coming from textbooks that have not provided a clear-cut example to help answer questions relating to this 
outcome. A couple of the common Year 12 textbooks go into ideas such as oxidative burst, hypersensitive response and RNA silencing without 
giving you an example of a named Australian species, with a named pathogen that it is impacted by and to which it has a particular response. 
The reason we explicitly teach P. cinnamomi infecting Australian eucalypts and causing Jarrah dieback is that it addresses the dot point and the 
response is relatively easy to remember and understand. And just a reminder that the pathogen group that P. cinnamomi belongs to is the 
oomycetes.  
 
 
Sample answer 
P. cinnamomi is a pathogen that infects Australian eucalypts causing Jarrah dieback. In response to the pathogen, the plant increases production 
of lignin, which provides added protection to the plant cell walls. This limits the spread of the pathogen from cell to cell within the infected area. 
  
 
31 a) 



 
 
 
 
Markers notes: note the wording of the question. It is asking for benefits. Given that it is only a two mark question, as long as you included one 
benefit and a clear understanding of a limitation, you received two marks; however, that was a generous approach to take. If it asks for benefits, 
give two benefits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



b) 

 
 
Sample answer​
Sexual reproduction results in offspring with variation. If any of this variation confers resistance to drugs on offspring, there is the potential for 
drug resistance to increase and for the eventual emergence of an entirely drug resistant population of these pathogens. 
 
Markers notes: a simple response for this was perfectly appropriate, but it needed to be an accurate one. Many of you answered it as if it were 
asking about bacteria, in which variation arises through mutation. In most sexually reproducing organisms, mutation rates are actually lower. That 
may or may not be the case for this group, but there would certainly be no assumption that mutation rates would increase as sexual reproduction 
occurs. As long as answers also related sexual reproduction to variation through sexual means, then marks were not lost for this inaccuracy; 
however if it was the only explanation provided, full marks could not be awarded. 
 
c) 

 



 
Markers notes: responses needed to relate to the transmission of this particular pathogen by referring to control of vector populations or inhibiting 
vector biting in some manner. Quarantine was only accepted if the response included the notion that it could somehow minimise vector 
transmission.  
Quite a few students introduced the idea of mosquito vectors when the stimulus made it clear that tsetse flies are the vectors in this instance.  
 
 
 
 
 
 
 
 
d) 

 
Markers notes: a thorough understanding of vaccine function needs to include how the vaccine introduces the antigen (e.g. using an attenuated 
pathogen or mRNA) 
Again, be careful of vagueness - don’t refer to “disease” when you mean “pathogen”, don’t confuse B and T cells or only say B cells when you 
mean plasma B cells 
Use terminology - antigens. 
 
Q 32 a) 



 
 
Markers note:  
For extensive: antigen presenting cell presents sugar → helper T cell stimulates → naive B cell to differentiate and proliferate into → plasma B 
cells → produce antibodies (also needs to be clearly and consistently primary exposure) 
For thorough: as above but could be missing one step (still needs to include plasma B cells) 
For sound: as above, but missing two steps. 
 
Q32 b) 



 
Note: correct definition for either infectious or non-infectious disease required to complete reasoning. Some points about infectious disease also 
accepted for 2 marks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Q33 a)  

 
NOTE: Poorly answered. Students are not being specific and instead using very vague statements: anything to do with a negative feedback loop, 
language that must be used: ‘return levels back to normal BGL which is 90mg/100mL’. Can’t just say ‘decrease glucose levels’ …to what? Does 
it continue to decrease? KEY:insulin is a vital hormone that ensures blood glucose levels are maintained AND it brings the BGL back to a steady 
state  
 



 
Q33 b 
i)  
 

Criteria Marks 

Clear, correct labels added 1 

 
ii) 
 

Criteria Marks 

Both lines added and labeled 
Both lines rise and fall in the appropriate places 

3 

One line added and labeled 
Line rises and falls in the appropriate places 

2 

One line added and labeled  
Line either rises or falls in one appropriate place 

1 
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