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DNA, Cell Reproduction, Protein Synthesis Answer Key 
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10. State the three different types of mutagens and describe their effects on DNA using an example. 

Mutagen example Effect on DNA 

Chemical Mustard gas Example: mustard gas causes guanine in DNA to be replaced by other bases 

Physical UV light Interferes with base pairing 

Breaks the hydrogen bonds between bases 

Free bases pair with neighboring bases on the same strand 

Usually thymine or cytosine 

Genes do not function or don’t function properly. Parents may pass mutations 

onto offspring 

Biological Bacteria some bacteria produce toxins that damage DNA. A virus can damage DNA 

when they insert their genome into the DNA of the cell 

 

11. Use pages 97 – 100 in Biology WA ATAR Units 3 & 4 to summarise the types of point mutations and 

their effects on a protein by completing the table beloW 

Type of 

Point 

Mutation 

Definition Type of Mutation 

substitution, 

insertion or 

deletion 

mutation 

Definition Effect of mutation 

on a coded 

protein 

Substitution One nucleotide is replaced 

by another  

Synonymous or 

Silent 

Occurs when the 

substituted base 

results in a 

triplet/codon that 

codes for the same 

amino acid as the 

original triplet/codon 

No change to the 

protein encoded 

by the mutated 

gene. It is 

identical to that 

encoded by the 

original sequence 

Missense Occurs when a single 

substituted nucleotide 

changes the amino 

acid – because this 

substitution changes 

the codon 

Potentially the 

protein will not 

function, if the 

amino acid that is 

coded for does 

not have the 

same properties 

as the original 

amino acid. 

 

If the amino acid 

does have the 

same properties 

the polypeptide 
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sequence will be 

different but the 

protein will 

function the same 

as the original 

Nonsense Occurs when the 

substitution of a 

single nucleotide 

results in a STOP 

codon within the 

original gene 

sequence 

This results in the 

early termination 

of translation of 

the transcribed 

gene sequence. 

The remaining 

codons 

downstream of 

the stop codon 

will not be 

translated which 

results in the 

production of an 

incomplete 

polypeptide 

Insertion  The addition of one or more 

nucleotides at a site within 

the original gene sequence 

Frameshift 

mutation 

Causes the reading 

frame for the 

corresponding amino 

acids to be 

nudged/moved/shifted 

away from the original 

& all the triplets 

downstream of the 

mutation are affected 

If a frameshift 

occurs the 

consequence for 

the translated 

protein is that the 

amino acids 

downstream of 

the mutation are 

not the same to 

those of the 

original 

polypeptide 

Deletion Loss of nucleotides (one or 

more) from a site within the 

original gene sequence 

If a frameshift 

occurs the 

consequence for 

the translated 

protein is that the 

amino acids 

downstream of 

the mutation are 

not the same to 

those of the 

original 

polypeptide 
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12. Draw 2 diagrams to show how Non-disjunction occurs (see page 101 in Biology WA ATAR Units 3 & 

4) 

 

 

13. Define the following terms: 

Term Definition 

Monoploidy  

Polyploidy  

Aneuploidy A genome that varies varies from the conventional genome through the loss or addition of 

one or a few chromosomes 

 

 

 

 

 

 

 

 



 - 14 - 

14. Describe the 3 different types of variations in chromosome structure and the affects on an organism 

of each type 

 

Change in 

structure 

description Affect on organism 

Duplication  Extra copy is made of a section of 

chromosome & inserted either into the 

same chromosome or another 

chromosome  

 Change the number of copies of 

particular genes 

The various genes that control different 

haemoglobins produced in human red blood 

cells are thought to have arisen by 

duplications 

Deletion  Chromosome may undergo double-

stranded breaks at two positions & the 

section between may drop out, 

removing all its genes with it 

Williams syndrome in humans a condition 

that affects 1 in 10 000 people. 

Characterised by certain physical and 

temperamental features 

Inversion  Chromosome breaks in 2 places & the 

segment in the middle rotates 180 

degrees before being re-joined with 

the chromosome 

 Reverses the normal sequence of 

genes 

 Usually less dramatic that other types 

of chromosome mutations as genes 

are not lost or gained & the genes 

within the inverted segment can still 

function normally 

 

May disrupt a gene in which it occurs or 

cause 2 genes to become fused together. If 

the chromosome does not align properly 

during meiosis, the affected individual may 

have reduced fertility 

   

Translocation  When a section of one chromosome 

breaks off & re-attaches to another 

chromosome 

 

 in humans when a segment of 

chromosome 8 ends up with 

chromosome 14 or vise versa, the 

normal control over the genes in that 

sequence is lost, resulting in a form of 

cancer  
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15.  
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22. Draw a diagram detailing how bacteria reproduce 
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23. Describe the effect of the environmental factor on the expression of genes in the following: 

a. Soil pH affect on flower colour in Hydrangeas 

b. Environmental temperature a sex in sea turtles 

c. Environmental temperature and fur colour in the Himalayan Rabbit 

 

 Environmental 

condition 

Example of effect 

on gene 

expression 

Description of the effect on gene expression 

a Soil pH Hydrangea flower 

colour 

• The range of colours in hydrangea flowers can be traced back 

to the pH in the soil.  

• A more acidic soil is conducive to blue flowers.  

• The pH does not change the genome because the genotype 

does not change. It is the interaction of the environment with 

either the gene or the protein that determines the flower 

colour in hydrangeas. 

b Environmental 

temperature 

Sex determination 

in sea turtles 

 Sean turtles bury their eggs in the sand 

 The temperature of the sand determines the sex phenotype 

 Cooler temps produce males and warmer temps produce 

females 

c Environmental 

temperature 

• enzymes of 

some genes 

are affected 

by external 

environment 

because the 

environment 

may prevent 

the enzyme 

from 

functioning at 

high or low 

temperatures 

 

• Himalayan rabbits are white except for black extremities 

because the enzyme needed to produce black fur only 

functions at low temperatures 

• Himalayan rabbits carry the C gene, which is required for the 

development of pigments in the fur, skin, and eyes, and 

whose expression is regulated by temperature 

• Specifically, the C gene is inactive above 35°C, and it is 

maximally active from 15°C to 25°C. This temperature 

regulation of gene expression produces rabbits with a 

distinctive coat coloring. In the warm, central parts of the 

rabbit's body, the gene is inactive, and no pigments are 

produced, causing the fur color to be white  

• Meanwhile, in the rabbit's extremities (i.e., the ears, tip of the 

nose, and feet), where the temperature is much lower than 

35°C, the C gene actively produces pigment, making these 

parts of the animal black. 
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25. Explain both the advantages and disadvantages of asexual reproduction. 

Advantages – maximum 4 marks: 

Rapid increase in offspring (1) increasing the frequency of their genes (1) 

Do not require a mate (1) meaning it does not have to spend time or energy finding a suitable mate 

before reproducing (1) 

Does not require mobility (1) meaning that reproductive success is greater (1) 

Prevailing conditions suit phenotype of parent so will suit offspring (1) 

Disadvantages – maximum 4 marks: 

Inheritance of mutations/defects (1) due to exact copy of genes (1) 

Less ability to adapt (1) due to decreased genetic variety (1) 
Changes in the environment can have major consequences (1) owing to the lack of diversity (1) 

 

             

 

26. Describe the differences between meiosis and mitosis. 

 

 

Mitosis Meiosis 

In all body cells, including germline  In germline cells only 

Crossing over does not occur Crossing over occurs 

Two daughter nuclei same as parent Four daughter nuclei different to parent 

One division Two divisions 

Individually line up at equator Homologous pairs line up at equator 

Diploid daughter cell Haploid sex cells 

For repair, growth and replacement To create gametes (egg/sperm) 
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9. (i) Use the space below to draw a family tree to show the following.  (3 marks) 
 

Description Marks 

 Two parents and four offspring 

 Squares for males and circles for females 

 Pups in correct order male, male, female, female 

1-3 

Total 3 

Example below 

 

Male (square) x Female (circle) 

 

 

Male (square)        Male (square)      Female (circle)   Female (circle)  

 

 

 

(ii) Using ‘D’ to show the dominant allele and ‘d’ for the recessive allele, identify the genotypes of each 

individual. Show your answers on the family tree. (2 marks) 

 

Description Marks 

 Individuals that are DD are father, first male pup and first female pup 

 Individuals that are Dd are mother, second male pup and last female 
pup 

1-2 

Total 2 

Example below. 

 

Male (square) x Female (circle) 

    DD           Dd  

 

 

 

Male (square)   Male (square)      Female (circle)   Female (circle)  

         DD         Dd           Dd  DD 
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 (iii) On maturity, the second male pup and the first female pup interbreed. What is the chance that their 

first pup will have inbreeding depression? Show working. 

 (3 marks) 

 

Description Marks 

Punnett square showing  

 Heterozygous male crossed with heterozygous female 

 Four pups as DD, Dd, Dd, dd 

1-2 

 Statement that ¼, 25% or 1 in 4 pups would be expected to have 
inbreeding depression 

1 

Total 3 

 

 

  



 - 25 - 

 

Natural selection and evolution Answer Key 

 

(a) Explain the impact the group dynamic would have on genetic diversity.   (2 marks) 
 

Description Marks 

Any two of: 

 There would be low genetic diversity/all individuals would have high 
levels of similarity 

 High level of inbreeding due to the closed nature of the population. 

1-2 

Total 2 

 

 

(b) Explain how sexual reproduction within the group could lead to variety. (2 marks) 
 

Description Marks 

Any two of: 

 Independent assortment of chromosomes during meiosis 1 

 Crossing over of chromosomes during meiosis 1 

1-2 

Total 2 

 

 

(c) Is this an example of gene flow or genetic drift? Provide an explanation. (4 marks) 
 

Description Marks 

 Gene flow 
1 

 Mating between groups allows transfer of genetic information between one 
group and another 

 Genetic drift is a factor that reduces genetic diversity 

 For example, founder effect or population bottleneck 

1-3 

Total 4 
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(d) Identify two benefits of the behaviour. (2 marks) 
 

Description Marks 

Any two of: 

 Enables outbreeding/greater genetic diversity 

 Populations are more resilient/adaptable in the face of change 
1-2 

Total 2 

 

(e) Explain how the behaviour of females mating with males from neighbouring territories during battles would 
have evolved.  (5 marks) 

 

Description Marks 

 Natural selection 
1 

 There were females that inbred with males from their own population and 
females that outbred with males from other populations during clashes 

 The pups/young of banded mongoose of outbreeding females had higher 
survival rates than pups of individuals that continued to inbreed. 

 Pups that had higher survival rates are more likely to survive and have 
offspring as a result of the genetically inherited behaviour. 

 They pass these outbreeding traits on to the further generations. 

1-4 

Total 5 
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Artificial, or selective breeding, is a term utilised by Charles Darwin to help explain the concept of natural 

selection. It is currently used in the Australian agricultural industry in Australia and allows for the rapid 

development of individuals with certain desirable traits. 

 State the main difference between artificial selection and natural selection.      

______________________________________________________________________________________

Describe how the rapid changes in phenotypes of organisms occur due to artificial selection. 
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Biotechnology 
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