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[bookmark: _Toc223937737][bookmark: _Toc243058768]Overview
Year and learning area: Year 11 Biology
Description: this resource complements the Cells as the basis of life program of learning. It serves as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. Adapt the activities to suit students’ needs.
Duration: timing will vary based on the mode of delivery, differentiation strategies employed and class or school context, however this series of activities should take approximately 10 hours.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control and WHS Risk assessment template.
[bookmark: _Toc223937738]This resource book elaborates on many of the activities in the Cells as the basis of life sample program of learning. Some activities also reference the Cells as the basis of life slide decks throughout this document. The resource package is available on the Biology 11–12 web page.


[bookmark: _4.1_Structure_of][bookmark: _Ref231897396][bookmark: _Toc243058769]4.1 Structure of DNA
Students will use a simulation to explain the structure of DNA and how the model supported their understanding of DNA structure.
Table 1 – learning intentions and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to explain the structure of deoxyribonucleic acid (DNA) in the cell
	define ‘DNA’ and terms for DNA structure including ‘nucleotide’, ‘nitrogenous base’ and ‘hydrogen bonds’
use a model to explain the structure of DNA
describe how DNA is structured by explaining nucleotide composition, complementary base pairing and hydrogen bonding

	to problem-solve using models and cause-and-effect relationships.
	describe how the model supported explaining the structure of DNA
use cause-and-effect relationships to explain why DNA is twisted into a double helix shape.


[bookmark: _Toc223937739][bookmark: _Toc243058770]Lesson sequence instructions
Activate
Activate students’ prior knowledge about the structure of deoxyribonucleic acid (DNA) using 4.1 PPT ‘Activating prior knowledge’ (2 slides). Provide students with a mini whiteboard and incomplete statements to fill in the gaps and demonstrate their prior knowledge of DNA structure. The sample responses are in Table 2.
[bookmark: _Ref239668413]Table 2 – activating prior knowledge statements about DNA structure
	Incomplete statement
	Sample response

	DNA is important because it carries ___________________________________.
	Responses may vary but could include genetic information, genetic instructions or the blueprint of life.

	DNA has a ______________________ shape.
	Responses may vary but could include a double helix or a twisted ladder.

	The complementary base pairs in DNA are adenine (A) with ________________ and cytosine (C) with ______________________.
	The complementary base pairs in DNA are adenine (A) with thymine (T) and cytosine (C) with guanine (G).


If students are unable to recall this prior knowledge about DNA structure, refer to the content and resources for the Year 10 focus area, Genetics and evolutionary change.
Connect students’ prior knowledge about DNA storing genetic information and its double helix shape to this lesson sequence. Students will use a model of DNA to explain the structure in greater detail, specifically the composition of nucleotides, complementary base pairing and the role of hydrogen bonds in connecting the 2 strands.
Core learning
Teacher background information
Figure 1 shows the conceptual big picture of the ‘Cell division’ content group in this focus area. The information provided is for teacher background only. 
[bookmark: _Ref239668656]Figure 1 – conceptual big picture for the cell division content group
[image: A conceptual overview of how DNA structure, DNA replication, the cell cycle, mitosis, cytokinesis and meiosis work together to enable cell division and support life.]
DNA structure: to understand cell division, students first need to understand DNA structure, because the double helix and complementary base pairing are not merely descriptive features; they are the physical mechanisms that make DNA copying possible in the first place.
Before DNA replication: once students understand what DNA looks like at the molecular level, it makes sense to zoom out and ask how that DNA is organised inside an actual cell, and how it differs between cell types. This then sets up replication meaningfully, because students understand that in eukaryotic cells DNA is packaged into chromosomes inside a nucleus, which explains why the machinery of replication and division is more complex than in prokaryotes. Now that students know DNA is a double helix held together by complementary base pairing and how DNA is packaged in cells, you can ask how a cell uses that structure to make an exact copy of itself. Replication solves the first half of the problem: it produces 2 identical copies of DNA, but both copies are still inside the same cell.
Before the cell cycle: at this point, students are also taught about somatic and gametic cells. Mitosis produces somatic cells (body cells), which need a complete, identical copy of the genome each time. But sexual reproduction requires something different: cells that carry only half the genome, so when 2 fuse, the resulting offspring has the correct chromosome number. These are gametic cells, and producing them requires a completely different kind of division. Replication is one part of the cell cycle, specifically the synthesis (S) phase. The cell cycle is the organised sequence of events a cell goes through to prepare for and complete division: growing, replicating its DNA, checking everything is correct, and then dividing. Replication does not happen in isolation; it occurs at a specific, controlled point in this larger cycle.
Before mitosis: simply making 2 copies of the DNA during replication is not enough. Both copies are in the same cell, so the cell must divide into 2 new cells without losing or mixing anything. Mitosis precisely sorts and pulls those 2 copies to opposite ends of the cell, so when it finally splits in 2, each daughter cell gets one identical, complete copy of the genome.
Before meiosis: mitosis produces genetically identical cells, ideal for growth and repair. But sexual reproduction requires something different: gametes with half the chromosome number and built-in genetic variation. Meiosis uses the same basic machinery as mitosis, but in a different way.
Before teaching why it matters: every concept studied is a link in the same chain; structure makes replication possible, replication makes division possible, and division makes life's continuity and variation possible.
Model of DNA structure
1. Explain to students that to understand cell division, they first need to understand DNA structure, because the double helix and complementary base pairing are not just descriptive features; they are the physical mechanisms that make copying DNA possible in the first place. In this lesson sequence, students will learn about DNA structure.
1. Define ‘DNA’ as a molecule found in cells that carries the genetic instructions for the development, functioning, growth and reproduction of all living organisms, including some viruses, using 4.1 PPT ‘Deoxyribonucleic acid (DNA)’. 
1. Define other key terms that students will need to understand when learning about DNA structure using 4.1 PPT ‘Defining other key terms’ (2 slides). Make it explicit that some terms, such as antiparallel strands and hydrogen bonds, have been defined specifically in the context of DNA structure.
Antiparallel (DNA strands): DNA consists of 2 polynucleotide strands, but they run in opposite directions, with one strand oriented opposite to the other (5’ → 3’).
Complementary base pairs: specific matching pairs of nitrogenous bases in DNA where adenine (A) pairs with thymine (T) and cytosine (C) pairs with guanine (G).
Hydrogen bond (DNA): a weak bond that holds complementary nitrogenous bases together between the 2 DNA strands. The number of bonds varies between the A–T and C–G pairing.
Nitrogenous base: the part of a nucleotide that contains genetic information and pairs specifically with another base. In DNA, the bases are adenine, thymine, cytosine and guanine.
Nucleotide: the repeating building block of DNA, made of a phosphate group, deoxyribose sugar and nitrogenous base.
Sugar-phosphate backbone: the outer structure of DNA, made of alternating sugar and phosphate molecules that support and protect the nitrogenous bases.
Check students’ understanding of the key terms to know for DNA structure using Check for understanding 1 (4.1 PPT) by asking them to match each term to its definition.
1. Inform students they will learn about the structure of DNA using a model, a simulation, The Structure of DNA – LabXchange. This model will help students describe DNA's structure.
Provide students with the Student resource – the structure of DNA and display the simulation, The Structure of DNA – LabXchange, on the board.
Note: after you display the simulation on the board and students have the resource, select ‘Launch interactive’. When you launch the interactive, a hexagon showing the percentage should appear in the top left-hand corner, indicating how far into the simulation you are. Table 3 uses this percentage and an outline of what is shown on the screen to indicate what needs to be annotated on the student resource and what information to provide to students to teach them about the structure of DNA.
[bookmark: _Ref230763506]Demonstrate the structure of DNA one component at a time using the simulation (only up until 63%), Table 3 and the Sample response – student resource – the structure of DNA.
Differentiation: the simulation includes information beyond what students need to know in the syllabus. As an optional activity to extend students, you may go through this with students as well. For example, the impact of heat on DNA and the hydrophobic nature of nitrogenous bases relative to the hydrophilic sugar-phosphate backbone.
Guide students to respond to the questions in the Student resource – the structure of DNA. Teach students how the model and cause-and-effect relationships explain how the arrangement of nucleotides results in the twisted double helix and help students understand how the DNA model (simulation) supported their explanation of DNA structure. Sample responses are provided in Sample response – student resource – the structure of DNA.
Check students’ understanding of DNA structure using Check for understanding 2 (4.1 PPT). Display the questions one at a time and ask students to record their responses about DNA structure on mini whiteboards. Review their responses to identify misconceptions and address any errors in understanding.
[bookmark: _Ref230763681]Table 3 – teacher support notes to unpack the simulation with students
	Simulation progress (%)
	What students see on the screen
	Annotations to add on the student resource
	Information to provide students

	0
	The definition of DNA and a diagram showing DNA’s double helix structure.
	Annotate the 5’ and 3’ ends of the DNA double helix. Note that the sample response differs from the simulation; follow the sample response in the student resource.
	The antiparallel structure of DNA describes how the 2 complementary strands of the double helix run parallel but in opposite chemical orientations. One strand runs in the 5’ to 3’ direction, while the other runs in the 3’ to 5’ direction. This information will be important for the next lesson sequence when students learn about DNA replication.

	0
	The definition of DNA and a diagram showing DNA’s double helix structure.
	The sugar-phosphate backbone on the edges of the DNA double helix molecule.
The nitrogenous base pairs in the interior of the molecule, linking the 2 strands.
	The sugar-phosphate backbone forms the structural framework of the DNA double helix. Located on the outside of the helix, it acts as the sturdy ‘sides’ of the ladder, protecting the genetic code stored inside. DNA consists of 2 strands that wind around each other like a twisted ladder.
Attached to the sugar component of the sugar-phosphate backbone are the nitrogenous bases, which form the core of the genetic code. The bases pair to hold the 2 strands of the DNA ladder together via hydrogen bonds. The nitrogenous bases can fit together properly and form stable hydrogen bonds only if the 2 strands face in opposite directions (antiparallel).

	34–53 
	The close-up image of DNA structure shows nucleotides, the bonds that hold them together, and complementary base pairing.
	The sugar-phosphate backbone of DNA in the close-up image in the student resource.
The hydrogen bonds between the nitrogenous base pairs. Students can also label the hydrogen bonds in the key, noting the difference in the number of hydrogen bonds between A–T and C–G.
Annotate the complementary base pairs (A–T and C–G).
	DNA bases pair in a specific way called complementary base pairing. Adenine (A) always pairs with thymine (T) and cytosine (C) always pairs with guanine (G). Hydrogen bonds hold these bases together, helping stabilise the DNA structure while still allowing the strands to separate when needed. The A–T pairing is held together by 2 hydrogen bonds while the C–G pairing is held together by 3 hydrogen bonds. 

	54–62 
	The close-up image of DNA with components of the nucleotide labelled and text on the screen.
	Label the large nucleotide image as nucleotide.
Point out and have students label these 3 parts on the nucleotide image – the phosphate, deoxyribose sugar and nitrogenous base.
Students can now complete the remaining labels in the key too.
	DNA is made from repeating building blocks called nucleotides. Every nucleotide contains 3 components: a phosphate group, a deoxyribose sugar and a nitrogenous base. The nitrogenous base is the only part that changes between nucleotides.

	63
	An image of double-stranded DNA that is not twisted, and text about nucleotides being asymmetric.
	Annotate the image to show the DNA strand becoming helical or twisted.
	DNA nucleotides are arranged in a way that is not perfectly symmetrical. As nucleotides join together, this arrangement causes each DNA strand to twist into a helical shape. When 2 complementary strands join, they form the characteristic double helix structure of DNA.


Consolidate
1. [bookmark: _Toc223937740]Consolidate students’ understanding of the structure of DNA and how the model supports their understanding of DNA using 4.1 PPT ‘DNA Structure’. Have students work independently or in pairs to construct responses to the questions in Table 4.
1. Guide a class discussion of the questions using the sample responses in the slide speaker notes and Table 4.
[bookmark: _Ref239670309]Table 4 – consolidation activity for DNA structure
	Question
	Sample response

	Describe how DNA is structured. Your answer must include nucleotides, complementary base pairing, hydrogen bonds and the double helix.
	DNA has a double helix structure made from repeating units called nucleotides. Each nucleotide consists of a phosphate group, a deoxyribose sugar and a nitrogenous base. The 2 strands are held together by complementary base pairing, where adenine pairs with thymine and cytosine pairs with guanine. Hydrogen bonds connect these base pairs, helping maintain the double helix structure while allowing the strands to separate when needed.

	Explain how using the DNA model helped you understand why DNA has a specific structure.
	Using the DNA model helped me understand why DNA has a specific structure by showing how nucleotides are arranged in a consistent, repeating pattern along each strand. It made it clear that complementary base pairing (A–T and C–G) is highly specific, allowing hydrogen bonds to form only between certain bases and determining DNA's stability and structure. The model also showed that the 2 strands run in opposite directions (antiparallel), which helps the molecule twist into a double helix. Overall, the simulation showed how the physical arrangement and chemical properties of nucleotides directly determine DNA’s structure.
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[bookmark: _Student_resource_–][bookmark: _Ref230762885][bookmark: _Toc243058771]Student resource – the structure of DNA
Instructions: annotate the structure of DNA as the teacher unpacks it on the simulation. Respond to the questions about DNA structure.
[image: Diagram illustrating the DNA double helix, showing nucleotide components, complementary base pairs (A-T and G-C), phosphate groups, sugar molecules and hydrogen bonds.]

[bookmark: _Toc223937742]
DNA structure
1. Describe what is meant by the term ‘antiparallel structure’ in DNA.
	


Identify the complementary base pairs in DNA and outline what makes this pairing possible.
	


Outline the role of hydrogen bonds in the structure of DNA.
	


How did the DNA model (simulation) help you explain the structure of DNA?
	




[bookmark: _Sample_response_–][bookmark: _Ref230763804]Sample response – student resource – the structure of DNA
[bookmark: _Toc223937743]Figure 1 – the sample annotated response showing the structure of DNA
[image: The sample student response showing the annotated DNA structure, including complementary base pairs, the double helix, antiparallel strands and nucleotide structure.]

DNA structure
1. Describe what is meant by the term ‘antiparallel structure’ in DNA.
	The antiparallel structure of DNA means that the 2 strands run alongside each other but in opposite directions. One strand runs in the 5’ to 3’ direction, while the complementary strand runs in the 3’ to 5’ direction.


Identify the complementary base pairs in DNA and outline what makes this pairing possible.
	The complementary base pairs in DNA are adenine and thymine (A–T) and cytosine and guanine (C–G). This is possible because the bases have specific shapes and bonding patterns that allow them to pair together and form hydrogen bonds.


Outline the role of hydrogen bonds in the structure of DNA.
	Hydrogen bonds hold the complementary nitrogenous bases together between the 2 DNA strands. These bonds help maintain the DNA double helix structure.


How did the DNA model (simulation) help you explain the structure of DNA?
	The simulation supported my understanding of DNA by showing how its structure is formed from repeating nucleotides arranged in a double helix. It demonstrated that nucleotides contain a sugar-phosphate backbone on the outside and nitrogenous bases on the inside. The model showed that complementary base pairing (A with T and C with G) is held together by hydrogen bonds between the strands. It also helped explain cause and effect, because the specific arrangement of nucleotides and antiparallel strands causes DNA to twist into a double helix. Without this specific pairing and structure, the DNA molecule would not be stable or maintain its correct shape.




[bookmark: _Toc243058772]Teaching advice
Before teaching this content grouping, you may want to take time to walk students through the sequence of relevant concepts. However, do not discuss the details; help students understand the big picture and the logic of the relationships between the concepts. Each concept lays the foundation for the next, and the whole unit addresses one question: how do living things copy and pass on genetic information accurately to the next generation? At the start of each new lesson, briefly revisit previous learning before introducing new content. This helps students understand why they are learning this topic, rather than experiencing it as a series of disconnected topics.
This lesson relies heavily on modelling through a staged simulation, so teacher clarity during transitions is critical. At each stage of the simulation, ensure students are not just copying labels but are also verbally linking structure to function (for example, ‘this is why the strands stay together’ or ‘this is what causes the helix shape’). Avoid moving too quickly through the model; the learning value comes from repeatedly linking visual structure to scientific explanation.
Background information
DNA (deoxyribonucleic acid) is a molecule found in the cells of all living organisms and contains the genetic instructions required for growth, development, functioning and reproduction. Its structure is highly organised and consists of repeating units called nucleotides. Each nucleotide comprises a phosphate group, a deoxyribose sugar and a nitrogenous base. The sequence of these bases stores genetic information.
DNA forms a double helix made up of 2 strands that run in opposite directions, known as ‘antiparallel orientation’. The strands are held together by hydrogen bonds between complementary nitrogenous bases. Adenine pairs with thymine, and cytosine pairs with guanine. This specific pairing is determined by molecular shape and bonding properties, ensuring the DNA structure remains consistent and stable.
The sugar-phosphate backbone forms the outer framework of the molecule, while the nitrogenous bases are located on the inside, where genetic information is encoded. The twisting of the double helix arises from the chemical and structural properties of nucleotides. This structure is both stable and flexible enough to separate during processes such as DNA replication, which students will explore in later lessons.

Checks for understanding
[bookmark: _Check_for_understanding][bookmark: _Ref230770203]Check for understanding 1 (4.1 PPT)
Figure 2 – check for understanding activity to match the term to its definition
[image: The checkpoint asking students to match DNA structure terms to their definitions, including antiparallel strands, complementary base pairs, hydrogen bonds, nitrogenous bases, nucleotides and the sugar-phosphate backbone.]

Check for understanding 1 sample response
Figure 3 – sample response for the check for understanding showing the terms matched to their definition
[image: The sample response showing DNA structure terms matched to their definitions, including antiparallel strands, complementary base pairs, hydrogen bonds, nitrogenous bases, nucleotides and the sugar-phosphate backbone.]
[bookmark: _Check_for_understanding_1][bookmark: _Ref230772212]Check for understanding 2 (4.1 PPT)
Questions
1. Identify the 3 parts of a nucleotide.
1. Outline the shape DNA forms when 2 strands join together.
1. Identify the bases that pair up in DNA.
1. Outline what holds the 2 DNA strands together.
Check for understanding 2 sample response
1. A phosphate group, a deoxyribose sugar and a nitrogenous base.
When 2 DNA strands join together, they form a double helix structure, which looks like a twisted ladder.
Adenine pairs with thymine and cytosine pairs with guanine (complementary base pairing).
The 2 DNA strands are held together by hydrogen bonds between the complementary nitrogenous bases.


[bookmark: _Student_resources][bookmark: _Toc243058773][bookmark: _Toc221026285][bookmark: _Toc223937745]4.2 DNA in prokaryotes and eukaryotes (secondary-source investigation)
Students will conduct a secondary-source investigation to learn the features of DNA in prokaryotic and eukaryotic cells and then use this knowledge to construct scientific diagrams to compare and contrast DNA in the 2 cell types.
Table 5 – learning intentions and success criteria
	We are learning:
	I can:

	to compare DNA in prokaryotic and eukaryotic cell structures 
	describe the features of DNA in prokaryotic and eukaryotic cells, including its location, structure and size
outline similarities and differences between DNA in prokaryotic and eukaryotic cells

	to represent processed information from secondary sources.
	construct accurate scientific diagrams of DNA in prokaryotic and eukaryotic cells using given conventions
compare DNA in prokaryotic and eukaryotic cells in a table and written text, using appropriate scientific terminology.


[bookmark: _Toc243058774]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about the definition of prokaryotic and eukaryotic cells and DNA in the 2 cell types using 4.2 PPT ‘Activating prior knowledge’ (2 slides). Sample responses are in the slide notes and outlined below.
Prokaryotic cell: a simple, single-celled organism containing single-stranded DNA and without a distinct nucleus or membrane-bound organelles.
Eukaryotic cell: a cell that has DNA in its clearly defined nucleus and contains membrane-bound organelles.
Prokaryotic cells have no nucleus; they usually have a single circular chromosome and DNA is located in the nucleoid region.
Eukaryotic cells have DNA organised into linear chromosomes and most DNA is in the nucleus. Some organelles, such as the mitochondria and chloroplasts, also contain DNA. Organellar DNA is similar in structure to prokaryotic DNA.
The feature of prokaryotic and eukaryotic cells that will most affect how their DNA is organised is the presence or absence of a nucleus.
If students struggle to recall this prior knowledge, refer to the content and resources in TRB1 of this focus area.
Connect students’ prior knowledge to their new learning by explaining that, in this lesson sequence, they will compare the structure and packaging of DNA in prokaryotic and eukaryotic cells in greater detail.
Core learning
Features of DNA in prokaryotic and eukaryotic cells
1. Explain to students that they have learned the molecular structure of DNA in the previous lesson sequence and will now zoom out again to examine DNA structure and how it is packaged in prokaryotic and eukaryotic cells before moving on to DNA replication.
1. Inform students that in this lesson sequence, they will first learn about the features of DNA in prokaryotic and eukaryotic cells, then construct scientific diagrams to compare the similarities and differences between DNA in the 2 cell types.
1. Provide students with the text about DNA in prokaryotic and eukaryotic cells and the comprehension questions in the Student resource – DNA in prokaryotic and eukaryotic cells.
Note: this text mentions that in a eukaryotic cell, DNA wraps around clusters of histone proteins to condense and package the DNA. Prokaryotic cells are not associated with histone proteins; however, the packaging of their single long chromosome is facilitated by nucleoid-associated proteins (NAPs) instead of histones.
Ask students to independently engage with the text to extract and summarise key points when responding to comprehension questions in the student resource.
Guide a class discussion of the completed student resource using Sample response – student resource – DNA in eukaryotic and prokaryotic cells to check students’ understanding of the features of DNA in prokaryotic and eukaryotic cells.
Check students’ understanding of DNA in prokaryotic and eukaryotic cells using Check for understanding 1 (4.2 PPT). Display slide 4.2 PPT ‘Check for understanding 1’ and provide students with mini whiteboards, asking them to respond to one question at a time to demonstrate their understanding of the features of DNA in prokaryotic and eukaryotic cells.
Scientific diagrams of DNA in prokaryotic and eukaryotic cells
1. Explain to students that, now that they understand the features of DNA in prokaryotic and eukaryotic cells, they will draw scientific diagrams of both cell types to compare their similarities and differences.
Note: the focus of this activity is to draw the DNA in prokaryotic and eukaryotic cells, not to draw comprehensive cell diagrams containing all cell structures. Using the diagrams and information from the previous activity, students will compare how DNA exists in prokaryotic and eukaryotic cells.
1. Provide students with the Student resource – drawing scientific diagrams of prokaryotic and eukaryotic DNA.
Review the conventions for drawing scientific diagrams using the information in the student resource and below. When drawing scientific diagrams:
use a sharp pencil
use solid lines without sketching, shading or stippling
ensure the diagram is large enough to show necessary details clearly
draw the diagram in 2 dimensions
add labels neatly to one side of the diagram
connect the labels to the feature on the diagram using ruled, straight, unbroken lines with no arrowheads
ensure label lines do not cross each other.
Use Table 6 to model the thinking behind and the steps needed to draw a scientific diagram to represent DNA in prokaryotic cells.
Through guided practice or independently, students draw a scientific diagram to represent DNA in eukaryotic cells. Use Table 7 to support students who may require guided practice.
A sample response is provided in Sample response – student resource – drawing scientific diagrams of prokaryotic and eukaryotic DNA to support feedback on students’ work.
Check students’ understanding of drawing scientific diagrams using Check for understanding 2 (4.2 PPT). Display 4.2 PPT ‘Check for understanding 2’ and ask students to respond to the question using a show of hands or on mini whiteboards.
[bookmark: _Ref230945812]Table 6 – step-by-step instructions to draw the DNA in a prokaryotic cell
	Step
	Instruction to students
	Example of diagram

	1
	Draw a large, clear oval using one smooth line. This is the full cell boundary and cell wall.
Ensure the cell shape is large and takes up most of the space in the table cell in the student resource.
	Figure 4 – the outline of the cell wall
[image: An oval outline indicating the cell boundary and cell wall of a prokaryotic cell.]

	2
	Draw a second inner line just inside the first to show 2 layers. This represents the cell membrane.
Leave the inside empty for now; it represents the cytoplasm. Since shading is not allowed, leave it blank and label it later.
	Figure 5 – the outline showing the cell wall and cell membrane
[image: Two concentric oval outlines showing the cell wall and the inner cell membrane.]

	3
	Draw an irregular, unshaded, free-form region in the centre of the cell; this is the nucleoid.
	Figure 6 – the outline of the nucleoid in the cytoplasm of the cell
[image: Two concentric oval outlines showing the cell wall and the inner cell membrane with another oval drawn in the centre to indicate the nucleoid.]

	4
	Within this region, draw one large circular loop that overlaps with itself. This is the chromosome.
	Figure 7 – a prokaryotic cell with DNA visible in the nucleoid
[image: Two concentric oval outlines showing the cell wall and the inner cell membrane with another oval drawn in the centre to indicate the nucleoid. There is a squiggly line in the nucleoid to show the one circular chromosome, overlapping itself. ]

	5
	Add 3 small, separate circles in the cell’s cytoplasm. These are plasmids.
	Figure 8 – the prokaryotic cell with plasmids in the cytoplasm
[image: Two concentric oval outlines showing the cell wall and the inner cell membrane with another oval drawn in the centre to indicate the nucleoid. There is a squiggly line in the nucleoid to show the one circular chromosome, overlapping itself. There are also 3 circles drawn in the cytoplasm of the cell, these are plasmids.]

	6
	Draw labels with a ruler from the components and place them neatly to one side of the diagram. Do not add arrows to the labels. Ensure the labels do not overlap.
	Figure 9 – the labelled diagram of the completed scientific diagram showing DNA in a prokaryotic cell
[image: A labelled diagram of DNA in a prokaryotic cell. The diagram shows 2 concentric oval outlines showing the cell wall and the inner cell membrane with another oval drawn in the centre to indicate the nucleoid. There is a squiggly line in the nucleoid to show the one circular chromosome, overlapping itself. There are also 3 circles drawn in the cytoplasm of the cell, these are plasmids.]


[bookmark: _Ref230945853]This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
[bookmark: _Ref240445849]Table 7 – step-by-step instructions to draw the DNA in a eukaryotic cell
	Step
	Instruction to students
	Example of diagram

	1
	Draw a large, smooth-edged rectangle with a single continuous line. This is the cell boundary (the cell wall).
	Figure 10 – a rectangular shape with smooth corners to show the cell wall of a plant cell
[image: An outline of a rectangular shape with smooth corners, showing the cell wall of the eukaryotic cell (plant cell).]

	2
	Draw a second inner line just inside the first to show 2 layers. This illustrates the distinction between the cell wall and the cell membrane.
	Figure 11 – the cell wall and cell membrane of a eukaryotic cell
[image: An outline of a rectangular shape with smooth corners, showing the cell wall of the eukaryotic cell (plant cell) and another rectangle within that to show the cell membrane.]

	3
	Now, draw one large circle in the centre. This is the nucleus.
	Figure 12 – the cell wall, cell membrane and nucleus of a eukaryotic cell
[image: An outline of a rectangular shape with smooth corners, showing the cell wall of the eukaryotic cell (plant cell) and another rectangle within that to show the cell membrane. There is an outline of a circle close to the centre of the cell, representing the nucleus.]

	4
	Draw 3 X-shaped structures in the nucleus. These are chromosomes, each containing packaged, linear DNA.
	Figure 13 – the cell wall, cell membrane and nucleus containing chromosomes of a eukaryotic cell
[image: An outline of a rectangular shape with smooth corners, showing the cell wall of the eukaryotic cell (plant cell) and another rectangle within that to show the cell membrane. There is an outline of a circle close to the centre of the cell, representing the nucleus. 3 X's have been drawn in the nucleus, representing chromosomes.]

	5
	Use a ruler to draw lines from the components and place the labels neatly on one side of the diagram. Do not add arrows to the labels. Ensure that the labels do not overlap.
	Figure 14 – the completed labelled diagram of DNA in a eukaryotic cell
[image: The completed labelled diagram of DNA in a eukaryotic cell. An outline of a rectangular shape with smooth corners, showing the cell wall of the eukaryotic cell (plant cell) and another rectangle within that to show the cell membrane. There is an outline of a circle close to the centre of the cell, representing the nucleus. 3 X's have been drawn in the nucleus, representing chromosomes.]


This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Comparing DNA in prokaryotic and eukaryotic cells
1. Inform students that they have now learned about the material and have constructed the diagrams to compare DNA in prokaryotic and eukaryotic cells.
1. Provide students with the Student resource – comparing prokaryotic and eukaryotic DNA. 
Guide students to complete Table 1 in the student resource to outline the differences between DNA in prokaryotic and eukaryotic cells. A sample response is provided in Sample response – student resource – comparing prokaryotic and eukaryotic DNA to support the teacher in teaching this content.
Continue to model the thinking needed or use guided practice for students to respond to the question in the student resource to outline the similarities between DNA in prokaryotic and eukaryotic cells. A sample response is provided in Sample response – student resource – comparing prokaryotic and eukaryotic DNA to support the teacher in teaching this content.
Guide a class discussion of the completed student resource using Sample response – student resource – comparing prokaryotic and eukaryotic DNA to check that students have understood the similarities and differences between DNA in prokaryotic and eukaryotic cells.
Prokaryotic cells contain less DNA than eukaryotic cells because they are smaller and structurally simpler. Eukaryotic cells are larger and more complex, so they have more DNA.
In prokaryotic cells, DNA is located in the nucleoid region (not membrane-bound) within the cytoplasm. In eukaryotic cells, DNA is located in a membrane-bound nucleus.
In prokaryotic cells, DNA usually exists as a single circular chromosome forming a closed loop. In eukaryotic cells, DNA exists as multiple linear chromosomes.
DNA in prokaryotic cells is not wrapped around histone proteins. In eukaryotic cells, DNA is wrapped around histone proteins, forming chromatin and chromosomes that tightly package the large amount of DNA.
Prokaryotic cells often contain plasmids (small circular DNA molecules) separate from the main chromosome. In eukaryotic cells, plasmids are not a typical part of DNA organisation.
In prokaryotic cells, DNA is less tightly packaged and more loosely organised within the nucleoid. In eukaryotic cells, DNA is tightly packaged into chromatin and chromosomes to fit within the nucleus.
Check students’ understanding of the similarities and differences between DNA in prokaryotic and eukaryotic cells using Check for understanding 3 (4.2 PPT). Display 4.2 PPT ‘Check for understanding 3’ and ask students to respond to the questions using a show of hands or on mini whiteboards.

[bookmark: _Ref230945113][bookmark: _Ref230944293]Consolidate
1. Review the processes for unpacking, planning and constructing a response to a ‘compare’ question through a class discussion. For students who may need additional support, refer to TRB1 for this focus area, lesson sequence 1.1 Prokaryotic and eukaryotic cells, for further instructions.
1. Provide students with the Student resource – constructing a response to compare DNA in prokaryotic and eukaryotic cells.
Instruct students to independently construct a response comparing DNA in prokaryotic and eukaryotic cells.
Differentiation: if students require support in constructing a response to a compare question, provide them with sentence starters (using the sample response in Sample response – student resource – constructing a response to compare DNA in prokaryotic and eukaryotic cells), a list of connectives to show similarity and difference, and a list of scientific terminology to incorporate in their response.
Ask students to swap their responses with a partner to provide feedback using Table 1 in the student resource and the marking guidelines.
DNA, in both prokaryotic and eukaryotic cells, is organised as a double helix that stores the genetic information required for cell function, growth and reproduction. This shows that both cell types use the same genetic molecule to control cellular processes, including protein production and cell survival.
In prokaryotic cells, DNA is located in the cytoplasm within a nucleoid region and is usually a single circular chromosome. In contrast, in eukaryotic cells, DNA is located within a membrane-bound nucleus and is organised into multiple linear chromosomes.
The packaging of DNA differs between the 2 cell types. In prokaryotic cells, DNA is not wrapped around histone proteins and is loosely organised. In contrast, in eukaryotic cells, DNA wraps around histone proteins to form chromatin, which condenses into tightly packed chromosomes, allowing the efficient storage of more DNA.
Ask students to incorporate the feedback into their responses.
Differentiation: extend students by having them use similarities in DNA structure between prokaryotes and eukaryotes to explain how genetic engineering is possible. The following question could be given to students:
The similarities between prokaryotic and eukaryotic DNA provide the basis for genetic engineering. Explain how these similarities allow genes to be transferred between organisms, and why differences between prokaryotic and eukaryotic DNA expression must also be considered.
Sample response
The similarities between prokaryotic and eukaryotic DNA make genetic engineering possible because both cell types use DNA to store genetic information, and DNA is made from the same 4 bases. The genetic code is also largely universal, meaning that a bacterial cell can interpret a gene from a eukaryotic organism and produce the corresponding protein.
However, transferring a eukaryotic gene directly into a prokaryote is not always simple. Eukaryotic genes can contain introns, which bacteria lack the machinery to remove. Therefore, scientists can use cDNA, complementary DNA made from mRNA using the enzyme reverse transcriptase, which contains only the coding sequences (exons). A bacterial promoter must also be associated with the gene so that the bacterial cell can recognise where transcription should begin.
Therefore, similarities in DNA structure and the universal genetic code underpin genetic engineering. At the same time, differences in how prokaryotic and eukaryotic cells process and express genes must be overcome.


[bookmark: _Student_resource_–_1][bookmark: _Toc243058775]Student resource – DNA in prokaryotic and eukaryotic cells
Instructions: engage with the text to extract and summarise key points to answer the comprehension questions.
What are prokaryotes and eukaryotes?
Prokaryotes are simple organisms composed of prokaryotic cells that lack a nucleus and membrane-bound organelles, such as bacteria. Eukaryotes are organisms composed of eukaryotic cells that contain a nucleus and membrane-bound organelles. Examples include animals, plants, fungi and protists. These structural differences affect how cells organise their genetic material.
DNA in prokaryotic cells
	In prokaryotic cells, DNA is located in the cytoplasm within an irregularly shaped region called the nucleoid, shown in Figure 1. Unlike a nucleus, the nucleoid is not enclosed by a membrane and is simply a region where DNA is concentrated. 
Since prokaryotic cells are relatively small and structurally simple, their DNA organisation is also simpler and they contain relatively less DNA and genes than eukaryotic cells. Prokaryotic genetic material usually consists of a single circular chromosome, meaning the DNA forms a closed loop rather than straight strands.
Many prokaryotic cells also contain plasmids, which are small, circular DNA molecules separate from the main chromosome, as shown in Figure 1. Plasmids may carry genes that benefit the organism, such as genes for antibiotic resistance and can be transferred between cells.
	Figure 1 – a labelled diagram of a prokaryotic cell showing the DNA
[image: A labeled diagram of a prokaryotic cell showing DNA in the nucleoid region and a plasmid.]



Prokaryotic DNA is generally not wrapped around histone proteins. Histones are proteins that DNA wraps around to help package and organise long DNA molecules. Prokaryotic DNA remains less tightly packaged and more freely arranged within the nucleoid region.
	DNA in eukaryotic cells
In eukaryotic cells, most DNA is located in the nucleus, a membrane-bound organelle that protects genetic material, as shown in the plant cell in Figure 2. Some DNA is also found in the mitochondria and chloroplasts in plant cells. Eukaryotic cells are generally larger and more complex than prokaryotic cells and contain much more DNA and many more genes. Rather than a single circular chromosome, eukaryotic DNA is organised into multiple linear chromosomes.
	Figure 2 – a labelled diagram of a plant cell (eukaryotic cell) showing the DNA
 [image: A labelled diagram of a plant cell showing the nucleus and DNA packaged into chromosomes within the nucleus.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.

	Figure 3 – the arrangement of DNA in eukaryotic cells
[image: A labelled diagram that shows how DNA is packaged into chromosome.]
0321 DNA Macrostructure by OpenStax, licensed under CC BY 4.0.
	Since eukaryotic DNA is extremely long, it must be tightly packaged to fit inside the nucleus while remaining organised and protected. To achieve this, DNA wraps around histone proteins, forming a material called chromatin, shown in Figure 3. Chromatin coils and condenses to form chromosomes. Histones help package DNA efficiently, protect it from damage and help control access to genes when proteins need to be produced. Arranging DNA into chromosomes helps eukaryotic cells organise and manage large amounts of genetic information.


Although prokaryotic and eukaryotic DNA differ in organisation, both contain double-stranded DNA that stores genetic information required for cell function, growth and reproduction. However, differences in cell structure, particularly the presence or absence of a nucleus and the amount of DNA present, explain why genetic material is organised differently in each cell type.
This text has been generated using artificial intelligence. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. Outline where DNA is found in prokaryotic and eukaryotic cells.
	


1. What is the difference between circular DNA and linear DNA?
	


1. Describe the role of histone proteins in eukaryotic cells.
	


1. What are plasmids and where are they found?
	


1. Explain why eukaryotic DNA must be more tightly organised than prokaryotic DNA.
	


1. Why is the nucleoid region not considered the same as a nucleus?
	


1. Explain why prokaryotic and eukaryotic DNA are organised differently. Refer to cell structure in your response.
	




[bookmark: _Sample_response_–_1][bookmark: _Ref230944456]Sample response – student resource – DNA in eukaryotic and prokaryotic cells
Questions
1. Outline where DNA is found in prokaryotic and eukaryotic cells.
	In prokaryotic cells, DNA is located in the cytoplasm within a region called the nucleoid. In eukaryotic cells, DNA is located within the nucleus.


1. What is the difference between circular DNA and linear DNA?
	Prokaryotic DNA is usually a single circular chromosome, whereas eukaryotic DNA is organised into multiple linear chromosomes.


1. Describe the role of histone proteins in eukaryotic cells.
	Histones are proteins around which DNA wraps in eukaryotic cells. They help package DNA into chromatin and chromosomes, protect DNA, and regulate access to genes.


1. What are plasmids and where are they found?
	Plasmids are small circular DNA molecules found in prokaryotic cells that exist separately from the main chromosome and may carry beneficial genes, such as antibiotic resistance genes.


1. Explain why eukaryotic DNA must be more tightly organised than prokaryotic DNA.
	Eukaryotic DNA must be more tightly organised because it is much longer and needs to fit inside the nucleus. Histone proteins package the DNA efficiently and it is then packaged into chromosomes.


1. Why is the nucleoid region not considered the same as a nucleus?
	The nucleoid is not the same as a nucleus because it is not enclosed by a membrane. It is simply a region within the cytoplasm where DNA is located.


1. Explain why prokaryotic and eukaryotic DNA are organised differently. Refer to cell structure in your response.
	Prokaryotic and eukaryotic DNA are organised differently because their cell structures differ. Prokaryotic cells lack a nucleus and contain less DNA, so their genetic material exists as a single circular chromosome in the nucleoid region. It does not need to be tightly packaged around histones. In contrast, eukaryotic cells have a nucleus and much more DNA, so their DNA wraps around histone proteins. It is organised into multiple linear chromosomes to fit inside the nucleus and remain protected.




[bookmark: _Student_resource_–_2][bookmark: _Toc243058776]Student resource – drawing scientific diagrams of prokaryotic and eukaryotic DNA
Instructions: engage with the conventions for drawing scientific diagrams, then follow the teacher as they draw prokaryotic and eukaryotic DNA.
When scientists use a microscope to observe cells, they often draw a scientific diagram to record their observations. They may also provide a written description of what they observe. When producing a scientific drawing, it is important to consider the following:
use a sharp pencil
use solid lines to draw without sketching, shading or stippling 
the diagram needs to be large enough to see necessary details clearly
draw the diagram in 2 dimensions
add labels neatly to one side of the diagram
connect the labels to the feature on the diagram using ruled, straight, unbroken lines with no arrowheads
ensure label lines do not cross each other.
Table 1 – space to draw a labelled diagram of DNA in prokaryotic and eukaryotic cells
	Labelled diagram of DNA in a prokaryotic cell
	Labelled diagram of DNA in a eukaryotic cell (plant cell)

	






	


[bookmark: _Sample_response_–_2][bookmark: _Ref230946473]Sample response – student resource – drawing scientific diagrams of prokaryotic and eukaryotic DNA
Table 1 – labelled diagrams of DNA in prokaryotic and eukaryotic cells
	Labelled diagram of DNA in a prokaryotic cell
	Labelled diagram of DNA in a eukaryotic cell (plant cell)

	Figure 1 – sample response showing a labelled diagram of DNA in a prokaryotic cell
[image: A labelled diagram of a prokaryotic cell showing the cell wall, inner cell membrane, nucleoid containing a single circular chromosome and 3 plasmids in the cytoplasm.]
	Figure 2 – sample response showing a labelled diagram of DNA in a eukaryotic cell
[image: Sample response showing a labelled diagram of DNA packaged into chromosomes within the nucleus of a eukaryotic cell.]


This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


[bookmark: _Student_resource_–_16][bookmark: _Ref243030465][bookmark: _Toc243058777]Student resource – comparing prokaryotic and eukaryotic DNA
Instructions: compare the differences in DNA in prokaryotic and eukaryotic cells by completing the table and the similarities by responding to the question.
Table 1 – comparing DNA in prokaryotic and eukaryotic cells
	Feature
	Prokaryotic cell
	Eukaryotic cell

	Relative size/amount of DNA
	
	

	Location of DNA
	
	

	Organisation of chromosomes
	
	

	Histones
	
	

	Plasmids
	
	

	DNA packaging
	
	




Outline the similarities between DNA in prokaryotic and eukaryotic cells.
	




[bookmark: _Sample_response_–_3][bookmark: _Ref230946656][bookmark: _Ref230943993]Sample response – student resource – comparing prokaryotic and eukaryotic DNA
Instructions: compare the differences in DNA in prokaryotic and eukaryotic cells by completing the table and the similarities by responding to the question.
[bookmark: _Ref230946609]Table 1 – sample response comparing DNA in prokaryotic and eukaryotic cells
	Feature
	Prokaryotic cell
	Eukaryotic cell

	Relative size/amount of DNA
	Contains relatively less DNA and fewer genes.
	Contains relatively more DNA than prokaryotes, including more genes.

	Location of DNA
	DNA is located in the cytoplasm within the nucleoid region (not membrane-bound).
	Most DNA is located inside a membrane-bound nucleus. Some DNA is located in the mitochondria and in chloroplasts (in plants).

	Organisation of chromosomes
	Usually, one circular chromosome that forms a closed loop.
	Multiple linear chromosomes.

	Histones
	DNA is not wrapped around histone proteins.
	DNA is wrapped around histone proteins, forming chromatin and chromosomes to package the large amount of DNA tightly.

	Plasmids
	Often contain plasmids (small circular DNA molecules) separate from the main chromosome.
	Plasmids are not part of typical nuclear DNA organisation.

	DNA packaging
	DNA is relatively less tightly packaged and more freely arranged in the nucleoid.
	DNA is tightly packaged into chromatin and chromosomes to fit inside the nucleus.



Outline the similarities between DNA in prokaryotic and eukaryotic cells.
	Both cell types:
contain DNA as their genetic material
have a double-stranded DNA structure
store genetic information required for growth, reproduction and cell function.




[bookmark: _Student_resource_–_3][bookmark: _Toc243058778]Student resource – constructing a response to compare DNA in prokaryotic and eukaryotic cells
Construct a response to the question:
Compare DNA in prokaryotic and eukaryotic cells. In your response, outline 2 similarities and 2 differences between the DNA in these cell types, highlighting their key features.
	


Use the marking criteria below to assess your response. Exchange responses with a partner and provide peer feedback on their response.
Table 1 – marking criteria for the question
	Marks
	Criteria

	4
	Compares DNA in prokaryotic and eukaryotic cells, highlighting their similarities and differences.
Constructs a cohesive written response that effectively utilises connectives to illustrate comparison and contrast.
Uses correct and precise scientific terminology to provide detail and demonstrate understanding of DNA in prokaryotic and eukaryotic cells.

	3
	Compares DNA in prokaryotic and eukaryotic cells by identifying similarities and differences.
Constructs a written response that effectively uses connectives to illustrate comparison and contrast.
Uses correct scientific terminology to provide detail.

	2
	Compares DNA in prokaryotic or eukaryotic cells, indicating similarities or differences
OR
Outlines the features of DNA in prokaryotic and/or eukaryotic cells.

	1
	Outlines a feature of DNA in prokaryotic cells and/or eukaryotic cells.




[bookmark: _Sample_response_–_4][bookmark: _Ref230943739]Sample response – student resource – constructing a response to compare DNA in prokaryotic and eukaryotic cells
Construct a response to the question:
Compare DNA in prokaryotic and eukaryotic cells. In your response, outline 2 similarities and 2 differences between the DNA in these cell types, highlighting their key features.
	DNA in both prokaryotic and eukaryotic cells is organised as a helical, double-stranded molecule that stores the genetic information required for cell function, growth and reproduction. This shows that both cell types use the same genetic molecule to control cellular processes such as protein production and survival.
However, the location and organisation of DNA differ between the 2 cell types. In prokaryotic cells, DNA is located in the cytoplasm within a nucleoid region and is usually a single circular chromosome. In contrast, in eukaryotic cells, DNA is located inside a membrane-bound nucleus and is organised into multiple linear chromosomes. DNA packaging also differs. In prokaryotic cells, DNA is not wrapped around histone proteins and is loosely organised. In contrast, in eukaryotic cells, DNA is wrapped around histone proteins to form chromatin that condenses into tightly packed chromosomes, allowing efficient storage of a larger amount of DNA.




[bookmark: _Toc243058779][bookmark: _Ref235783791]Teaching advice
This lesson sequence relies heavily on students' ability to move between 3 representations of scientific understanding: written information, tables and diagrams. A key teaching focus is ensuring students understand that diagrams are not artistic representations, but precise scientific models used to compare DNA structures in prokaryotic and eukaryotic cells. Modelling the thinking needed is essential, particularly when teaching scientific diagram conventions, as students often confuse scientific diagrams with labelled illustrations. Teachers should consistently verbalise what is being drawn, why it is being drawn and what is deliberately excluded to maintain scientific accuracy and comparability between these cell types.
When supporting students in constructing comparisons, emphasise like-for-like comparisons of features (for example, location vs location, chromosome structure vs chromosome structure). Students often list isolated facts rather than structured comparisons. Using scaffolded tables first supports cognitive organisation before moving to written responses.
Background information
Prokaryotic and eukaryotic cells differ fundamentally in how they organise genetic material. Prokaryotic cells are generally smaller and simpler, lacking a nucleus and membrane-bound organelles. Their DNA is located in the cytoplasm within a region called the nucleoid. This region is not membrane-bound and contains the cell’s genetic material in a more loosely organised form. In most prokaryotes, DNA exists as a single circular chromosome, reflecting these cells' simpler organisational structure.
Eukaryotic cells are larger and more complex, containing a membrane-bound nucleus that houses genetic material. Their DNA is organised into multiple linear chromosomes, allowing them to store and manage more genetic information. The nucleus is the key structural feature that shapes how DNA is packaged and protected in eukaryotic cells, compared with prokaryotes.
A key difference in DNA organisation concerns histone proteins. In eukaryotic cells, DNA wraps around histones to form chromatin, which condenses into chromosomes. This packaging system efficiently organises extremely long DNA molecules within the nucleus and regulates gene expression. In contrast, prokaryotic cells do not package DNA to the same extent as eukaryotic cells because they contain less DNA.
Although structurally different, both prokaryotic and eukaryotic cells contain DNA as their genetic material. In both cases, DNA stores the instructions required for cell function, growth and reproduction. This shared characteristic provides a foundation for comparison, while differences in location, structure and packaging explain how each cell type manages genetic information according to its level of complexity.
Checks for understanding
[bookmark: _Check_for_understanding_2][bookmark: _Ref230944628]Check for understanding 1 (4.2 PPT)
Questions
1. Where is DNA stored in prokaryotic and eukaryotic cells?
What shape is prokaryotic DNA?
What do histones do?
Why do prokaryotes not need histones (based on structure)?
Check for understanding 1 sample response
1. In prokaryotic cells, DNA is located in the nucleoid region of the cytoplasm. In eukaryotic cells, DNA is found inside the nucleus.
1. Prokaryotic DNA is usually a single circular chromosome.
1. Histones are proteins around which DNA wraps to help package and organise it into chromatin and chromosomes, allowing tight packing and regulation.
1. Prokaryotes lack a nucleus and have less DNA, so their DNA does not need to be tightly packaged. As a result, it remains loosely organised in the nucleoid and generally does not require histones.
[bookmark: _Check_for_understanding_3][bookmark: _Ref230945912]Check for understanding 2 (4.2 PPT)
Which of the following diagrams correctly follows scientific diagram conventions?
A. Diagram with shading, sketchy lines, and arrows pointing to labels placed around the drawing.
B. Coloured diagram with dotted shading and curved label lines that cross.
C. Diagram drawn in pencil with clear, single lines, no shading, labels written neatly on one side, and ruled straight label lines that do not cross.
D. Labelled diagram with arrows pointing to features and labels written inside the drawing.
Check for understanding 2 sample response
Table 8 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	Scientific diagrams should not include shading, sketchy lines or arrows for labelling. These features make the drawing less precise and more artistic than scientific.

	B
	Incorrect
	Scientific diagrams do not use colour, shading or curved label lines, especially when label lines cross. These features reduce clarity and do not follow standard scientific drawing conventions.

	C
	Correct
	N/A

	D
	Incorrect
	Labels should not be written inside the diagram or connected with arrows. Scientific diagrams require labels to be placed outside the drawing and connected with straight, ruled lines to ensure clarity and accuracy.


[bookmark: _Check_for_understanding_4][bookmark: _Ref230946748]Check for understanding 3 (4.2 PPT)
Which statement correctly describes both the similarities and differences between prokaryotic and eukaryotic DNA?
A. Both prokaryotic and eukaryotic cells contain DNA that stores genetic information required for cell function, growth and reproduction.
B. Both contain DNA that stores genetic information, but prokaryotes have circular DNA in a nucleoid, whereas eukaryotes have linear DNA in a nucleus.
C. Prokaryotic cells have DNA in a nucleus, whereas eukaryotic cells have DNA in a nucleoid region.
D. Prokaryotic DNA is wrapped around histones, whereas eukaryotic DNA is not wrapped around histones.
Check for understanding 3 sample response
Table 9 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	This response only explains how they are similar. The question clearly asks students to consider both similarities and differences. Students may have selected this response because they recognised the statement as correct without evaluating other responses. They may also misinterpreted the question and overlooked the requirement to identify both similarities and differences.

	B
	Correct
	N/A

	C
	Incorrect
	This response reverses the locations of DNA in the 2 cell types. Prokaryotic cells lack a nucleus, so their DNA is in the nucleoid, whereas eukaryotic cells have DNA within a nucleus. Students may choose this option due to confusion between the terms ‘nucleus’ and ‘nucleoid’.

	D
	Incorrect
	This response reverses the roles of histones. In eukaryotes, DNA is wrapped around histones to form chromatin, whereas in prokaryotes, DNA is generally not associated with histones. Students may select this option if they incorrectly assume that both cell types package DNA in the same way.




[bookmark: _4.3_DNA_replication][bookmark: _Toc243058780]4.3 DNA replication (practical investigation)
Students model DNA replication using a computer simulation, then assess how models demonstrate DNA replication.
Table 10 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the biological process of DNA replication
	define DNA replication and outline its importance
identify and explain the process of DNA replication, including the role of enzymes, complementary base pairing, the replication fork and the leading and lagging strands
outline the strengths and weaknesses of models that illustrate DNA replication
make a judgment about the usefulness of models that illustrate DNA replication

	to use models to solve scientific problems.
	define a scientific model and outline its uses
explain the process of DNA replication using models. 


[bookmark: _Toc243058781]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of the structure of deoxyribonucleic acid (DNA) in eukaryotes using 4.3 PPT ‘Activating prior knowledge’. Provide students with mini whiteboards to respond to the questions on the slide. The sample responses are in the notes section of the slide and in Table 11.
[bookmark: _Ref239682530]Table 11 – questions and sample responses to activate prior knowledge about DNA
	Question
	Sample response

	Which nitrogenous bases pair together in DNA?
	Adenine (A) pairs with thymine (T), and cytosine (C) pairs with guanine (G). These are complementary base pairs.

	What type of bond holds DNA strands together?
	Hydrogen bonds hold the 2 DNA strands together by linking complementary nitrogenous bases.

	Why can DNA be described as complementary?
	DNA is complementary because each nitrogenous base pairs only with its specific complementary base. Adenine always pairs with thymine, and cytosine always pairs with guanine, so one strand determines the sequence of the other.

	If hydrogen bonds were broken between DNA strands, what would happen?
	Breaking hydrogen bonds would separate the 2 DNA strands. Inform students that this is necessary for DNA replication because each original strand can then act as a template for a new complementary strand.


For students who may struggle to recall these concepts, refer to the content and resources in 4.1 Structure of DNA.
Connect students’ prior learning about DNA structure, including its 2 complementary strands held together by hydrogen bonds, to their new learning about DNA replication and how DNA copies itself. Explain that the structure of DNA makes replication possible because complementary base pairing allows each strand to act as a template for a new strand.
Core learning
DNA replication
1. Explain to students that understanding the molecular structure of DNA is integral to DNA replication. Explain that students can now apply their understanding of DNA’s double helix structure, complementary base pairing and packaging in cells to understand how a cell makes an exact copy of its DNA. Students will learn the process of DNA replication using a model.
1. Define DNA replication and outline its purpose using 4.3 PPT ‘Defining DNA replication’.
1. Provide students with the Student resource – DNA replication.
Note: an optional text has also been provided in Student resource – DNA replication information for students who may need additional teaching on DNA replication beyond what the video and teacher provide. If using the text, work with students to extract and summarise key points to further annotate their model in Student resource – DNA replication, using a different coloured pen.
1. Show students the DNA Replication – 3D (3:27) video, pausing at the intervals shown in Table 12 to explain and annotate the steps of DNA replication in the student resource. Refer to Sample response – student resource – modelling DNA replication for a sample student response showing the completed model of DNA replication.
Differentiation: students are not required to know the role of Okazaki fragments or exonuclease in the video; however, you can include these concepts for students who require extension.
1. [bookmark: _Ref230784013]Check students’ understanding of the process of DNA replication using Check for understanding 1 (4.3 PPT). Display 4.3 PPT ‘Check for understanding 1’ (1 of 2) and give students mini whiteboards to respond to one question at a time so you can correct errors and provide feedback. Sample responses are provided on 4.3 PPT ‘Check for understanding 1’ (2 of 2) and Check for understanding 1 (4.3 PPT).
[bookmark: _Ref230953790]Table 12 – unpacking the DNA replication video and how it relates to the student resource
	Time stamp
	Information in the video to annotate the step in the student resource
	Teacher notes to unpack concepts further

	0:00–0:46
	No annotations required. Introduce the process to students.
	Remind students that DNA replication is the process by which DNA makes an identical copy of itself before cell division.
Explicitly link to prior learning: DNA consists of 2 complementary strands held together by hydrogen bonds between nitrogenous bases. These bonds are weak enough to be broken, allowing replication. Each strand can serve as a template for a new complementary strand, following base-pairing rules (A–T, C–G). Replication ensures genetic continuity, so each daughter cell receives an identical set of genetic information.

	0:47–1:08
	Label the enzyme helicase and the replication fork on the diagram.
In step 2, explain the need for the DNA strands to be unzipped. The enzyme helicase performs this, forming a replication fork.
	Tell students that replication begins at specific regions of the DNA molecule called the origin of replication, where the DNA first unwinds for copying.
At the origin, the enzyme helicase separates the 2 DNA strands by breaking the hydrogen bonds between complementary bases, allowing the double helix to unwind.
This unwinding creates a replication fork, the Y-shaped region where the DNA is unwound and available for copying.
The DNA double helix progressively unwinds as helicase moves along the molecule, exposing single strands as templates for replication.
Each separated DNA strand acts as a template, providing the pattern for building a new complementary strand.
One strand determines the sequence of the other.

	1:09–1:24
	Label the enzyme primase and the primer on the diagram.
In step 3, explain that the enzyme primase synthesises a primer (a short, single-stranded piece of RNA). The primer binds to the ‘start site’ (called the origin of replication) on the template DNA to initiate the formation of new DNA strands.
	The enzyme primase synthesises short RNA primers complementary to the exposed DNA template strands.
These primers are required because DNA polymerases cannot initiate DNA synthesis on their own; they mark the starting points for DNA strand synthesis on both template strands.

	1:25–1:51
	Label the enzyme DNA polymerase on the leading strand. This is not in the video, but it informs students that it is DNA polymerase III, so label it accordingly.
Label the leading strand of DNA on the diagram.
Outline that in step 4, DNA polymerase binds to the primer and synthesises the new DNA strand. This enzyme can only add DNA bases (nucleotides) in the 5’ to 3’ direction, so the leading strand is synthesised continuously.
	DNA polymerase III is the primary enzyme responsible for DNA strand elongation.
It binds to the RNA primer and synthesises new DNA by adding nucleotides in the 5’ to 3’ direction, using the template strand and complementary base pairing (A–T and C–G). 
The leading strand is synthesised continuously in the same direction as the replication fork's movement.

	1:52–2:45
	Label the lagging strand.
In step 5, DNA polymerase synthesises the new strand in a series of small pieces, each starting with a primer. DNA polymerase III binds to a primer and synthesises a short segment of the strand in the 5’ to 3’ direction. Before these short segments are joined, they are called Okazaki fragments.
Once a new segment is made, a new primer is synthesised further along the lagging strand; DNA polymerase binds to the primer and synthesises another segment, repeating until the process is complete.
The lagging strand can’t be made continuously because it runs in the 3’ to 5’ direction, opposite to the leading strand.
	The lagging strand is synthesised discontinuously because of its orientation relative to the replication fork.
DNA polymerase III still synthesises DNA in the 5’ to 3’ direction, but this occurs in short segments.
Each segment begins with a new RNA primer laid down by primase, allowing DNA polymerase III to extend the strand in sections as it moves away from the replication fork.

	2:46–3:02 
	Outline that in step 6, another polymerase removes primers from all DNA strands: DNA polymerase I. 
	DNA polymerase I removes RNA primers using its exonuclease activity and replaces them with DNA nucleotides, ensuring the final strand is entirely DNA.
This enzyme can also edit DNA: it recognises base-pair errors and corrects them.

	3:03–3:27
	Label the enzyme ligase on the diagram.
Outline that in step 6, DNA ligase joins the adjacent pieces of each DNA molecule.
This semi-conservative process results in 2 DNA molecules, each containing one old (conserved) strand of DNA (the template) and one new strand of DNA.
	DNA ligase joins adjacent DNA fragments in each new molecule. This seals the remaining gaps, producing a continuous DNA molecule.
DNA replication is a semi-conservative process, with each new DNA molecule containing one original (parent/template) strand and one newly synthesised strand.
Reinforce that complementary base pairing ensures accurate replication of genetic information.




Modelling DNA replication
Preparing for the activity
Students will require access to a laptop and the DNA Replication Simulator.
Note: this simulation includes the enzyme, topoisomerase. Students are not required to know this enzyme as part of the syllabus, however they will need to select it to start the simulation because it is the first step, in which the supercoiled DNA is relaxed. The simulation also refers to DNA polymerase; where it is used, it includes the role of DNA polymerase III. The simulation does not explicitly mention DNA polymerase I; however, its role in removing RNA primers occurs when DNA ligase is selected. This simulation does not show RNA primers being replaced with complementary nucleotides. Discuss these limitations with students; they will address them as part of the questions about the model in the student resource.
Facilitating the activity
1. If required, review what a scientific model is and outline its uses in Science using 4.3 PPT ‘Models in Science’.
Check students’ understanding of the use of models in Science using Check for understanding 2 (4.3 PPT). Display the question about the use of models on the board using 4.3 PPT ‘Check for understanding 2’ and cold-call students to check their understanding.
Inform students that they will conduct a practical investigation to model DNA replication because it is a microscopic process (unable to be seen with the naked eye). Explain that we cannot directly observe every molecular interaction in real time, and the process is complex. A model simplifies it and supports students’ understanding.
Provide students with the and have them open the DNA Replication Simulator on their laptops.
Using guided or independent practice, students engage with the information about DNA replication in the Student resource – modelling DNA replication and use their knowledge about DNA replication to complete the simulation.
Guide students to respond to the ‘Modelling DNA replication questions’ in the Student resource – modelling DNA replication.
Guide a class discussion of the completed student resources using Sample response – student resource – modelling DNA replication.
Assessing the use of models for DNA replication
1. Review students’ understanding of what a model is and the uses of models in Science through a class discussion. Students may recall that:
Models are mathematical, conceptual or physical representations that describe, explain, simplify, clarify or help make predictions about a scientific phenomenon.
Models can be used to explain how things work, help us understand things we cannot easily see, simplify complex ideas so we can understand them better, make predictions to test ideas, and communicate scientific thinking.
Explain to students that they have used models of DNA replication to develop their understanding of this complex process, which cannot be observed with the naked eye. Refer to the models students have used, including:
a video model (3D animation of DNA replication)
a simulation (DNA Replication Simulator)
a diagram model (the students’ annotated replication model).
Explain that although models are very helpful in developing understanding, they have limitations because they are simplified representations of a complex reality. Keep this in mind when using models to explain concepts. In this activity, students will assess models used to demonstrate DNA replication. Provide students with the Student resource – assessing the use of models for DNA replication.
If required, define the key term ‘assess’ using 4.3 PPT ‘NESA key term – assess’. To assess, students must make a clear judgement and provide points for and against (strengths and weaknesses/limitations). Tell students they will complete a table to assess the models, but they do not need to write a full response.
Using a think-aloud, model how to identify the strengths and weaknesses (limitations) of the models in demonstrating DNA replication using Table 18 to complete the strengths and weaknesses columns of Table 1 in the student resource.
Using a think-aloud, model how to make a judgement about the usefulness of models in demonstrating DNA replication using Table 18 to complete the judgement column of Table 1 in the student resource.
Inform students that by completing the table in the student resource, they have assessed the usefulness of models in demonstrating DNA replication. Despite their limitations, the models are highly effective because they accurately represent the major structures, enzymes and stages involved and make a microscopic and complex process visible and understandable.
Check students’ understanding of the usefulness of models in demonstrating DNA replication using Check for understanding 3 (4.3 PPT). Display 4.3 PPT ‘Check for understanding 3’ and ask students to respond to the question using a show of hands or on mini whiteboards.
Differentiation: extend students by asking them to use the information in Table 1 of their completed student resource to construct a logical and concise response to the following question: ‘Using the models from class, assess the use of models in demonstrating DNA replication.’
Sample response: the video, diagram and simulation models are highly effective for demonstrating DNA replication because they accurately represent the major structures, enzymes and stages involved, while making a microscopic and complex process visible and understandable. The models clearly show DNA replication beginning at the origin of replication, where helicase breaks hydrogen bonds between complementary nitrogenous bases, unwinding the DNA and forming a replication fork. They also accurately demonstrate complementary base pairing, showing how adenine pairs with thymine and cytosine pairs with guanine to ensure genetic information is copied accurately.
The models effectively represent the roles of the key enzymes involved in replication, including primase, which produces RNA primers; DNA polymerase III, which synthesises DNA in the 5’ to 3’ direction; and DNA ligase, which joins adjacent DNA fragments. They also demonstrate the difference between the leading and lagging strands, helping explain why one strand is synthesised continuously while the other is synthesised discontinuously. The video and simulation represent DNA replication as a dynamic process, while the simulation lets students interact with it and observe the roles of different enzymes. The diagram clearly summarises the structures, enzymes and stages involved. 
However, the models have limitations because they simplify DNA replication. They do not fully capture the complexity of enzyme coordination, the true scale of molecular interactions, or the speed and simultaneous nature of replication in living cells. The diagram is static and cannot demonstrate the continuous movement of enzymes or progression of the replication fork. At the same time, the simulation does not explicitly represent every molecular process, such as DNA polymerase I removing RNA primers and replacing them with DNA nucleotides.
Despite their limitations, the video, diagram and simulation are highly useful models for demonstrating DNA replication. They complement one another by providing different ways to visualise, interact with and summarise the process.
Consolidate
1. Provide students with the Student resource – spot the error in the DNA replication model.
1. Have students work in pairs to engage with the statements provided from a student’s DNA replication model, identify whether the statements are correct or incorrect, provide reasoning to support their identification and then make corrections to the incorrect statements using appropriate scientific terminology.
Guide a class discussion of the completed resource to check students' understanding using Sample response – student resource – spot the error in the DNA replication model, noting that 2 of the statements were incorrect:
DNA polymerase III builds new DNA strands in the 3’ to 5’ direction, so both strands are synthesised in the same way. This is incorrect because DNA polymerase III cannot synthesise DNA in the 3’ to 5’ direction. It can only add nucleotides in the 5’ to 3’ direction. To correct this statement, students should express that DNA polymerase III synthesises new DNA strands in the 5’ to 3’ direction.
The leading strand is synthesised discontinuously in short fragments, while the lagging strand is synthesised continuously in the same direction as the replication fork. This statement is incorrect because it reverses the strands' roles. The leading strand is synthesised continuously in the same direction as the replication fork, while the lagging strand is synthesised discontinuously in short fragments away from the replication fork. To correct this, students could state that the leading strand is synthesised continuously, while the lagging strand is synthesised discontinuously in short fragments.


[bookmark: _Ref230783410]
[bookmark: _Student_resource_–_4][bookmark: _Ref230860014][bookmark: _Toc243058782]Student resource – DNA replication
Instructions: as the teacher unpacks DNA replication in the video, label the diagram in Figure 1, complete the steps of DNA replication in Table 1 and respond to the questions.
Word bank:
	DNA double helix
	RNA primer
	Lagging strand
	Replication fork
	Ligase

	DNA polymerase
	Helicase
	Primase
	DNA polymerase
	Leading strand


Figure 1 – DNA replication diagram
[image: A diagram showing DNA replication, including helicase unwinding the DNA, the leading and lagging strands, DNA polymerase building new strands and ligase joining DNA fragments.]
DNA replication by Mariana Ruiz, licensed under CC0 1.0.
Table 1 – the steps of DNA replication
	Step
	What is happening?

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	


Questions
1. Describe the purpose of DNA replication.
	


1. Describe what is meant by the leading and lagging strands.
	


1. What are the implications of the strands being antiparallel?
	


1. Why is the process of DNA replication considered to be semi-conservative?
	


Describe the role of enzymes in DNA replication.
Table 2 – the role of enzymes in DNA replication
	Enzyme name
	Role in DNA replication

	Helicase
	

	Primase
	

	DNA polymerase I
	

	DNA polymerase III
	

	DNA ligase
	



[bookmark: _Ref230859945][bookmark: _Ref230784118]Sample response – student resource – DNA replication
Figure 1 – sample response for the labelled diagram of DNA replication
[image: A labelled diagram in the sample student response showing DNA replication, including helicase unwinding the DNA, the leading and lagging strands, DNA polymerase building new strands and ligase joining DNA fragments.]
DNA replication by Mariana Ruiz, licensed under CC0 1.0.
Table 1 – sample response for the steps of DNA replication
	Step
	What is happening?

	1
	DNA replication begins at specific regions of the DNA molecule called the origins of replication. At these sites, the DNA double helix unwinds so the genetic information can be copied.

	2
	The enzyme helicase breaks the hydrogen bonds between complementary nitrogenous bases, causing the DNA double helix to unwind and separate into 2 single strands. This creates a Y-shaped structure called the replication fork. Each separated strand serves as a template for new DNA synthesis.

	3
	The enzyme primase synthesises short RNA primers complementary to the exposed DNA template strands. These primers provide the necessary starting point for DNA synthesis because DNA polymerases cannot initiate DNA strands on their own.

	4
	DNA polymerase III binds to the RNA primer and begins synthesising a new DNA strand by adding nucleotides in the 5’ to 3’ direction, following complementary base-pairing rules (A–T, C–G). On the leading strand, DNA is synthesised continuously as the replication fork opens.

	5
	On the lagging strand, DNA polymerase III synthesises DNA in short fragments because the template strand runs in the opposite orientation. Each fragment begins with a new RNA primer, and synthesis proceeds in segments moving away from the replication fork in the 5’ to 3’ direction.

	6
	DNA polymerase I removes RNA primers and replaces them with DNA nucleotides, ensuring the strand is fully DNA. DNA ligase then joins adjacent DNA fragments on each strand to form continuous strands. The result is 2 complete DNA molecules, each comprising one original strand and one newly synthesised strand. This is known as ‘semi-conservative replication’.


Questions
1. Describe the purpose of DNA replication.
	DNA replication ensures genetic information is accurately copied before cell division, so new cells receive a complete, identical copy of the DNA. This enables growth, repair and reproduction while maintaining genetic continuity across cells. Without accurate DNA replication, cells would not function properly because they would lack the correct instructions to make proteins.


1. Describe what is meant by the leading and lagging strands.
	The leading strand is the DNA strand that is synthesised continuously in the same direction as the replication fork opens. The lagging strand is synthesised discontinuously in short fragments because it runs in the opposite direction, requiring repeated initiation by RNA primers and synthesis away from the replication fork.


1. What are the implications of the strands being antiparallel?
	The 2 DNA strands run in opposite directions (one 5’ to 3’, the other 3’ to 5’). This antiparallel structure is essential because DNA polymerase can only synthesise DNA in the 5’ to 3’ direction. As a result, one strand can be synthesised continuously (leading strand), while the other must be synthesised in fragments (lagging strand).


1. Why is the process of DNA replication considered to be semi-conservative?
	The process is considered semi-conservative because each daughter DNA molecule contains one original (parental/template) strand and one newly synthesised strand. This ensures that each new DNA molecule preserves genetic information accurately.


Describe the role of enzymes in DNA replication.
Table 2 –sample response for the role of enzymes in DNA replication
	Enzyme name
	Role in DNA replication

	Helicase
	Breaks hydrogen bonds between complementary bases, unwinding the DNA double helix and forming the replication fork.

	Primase
	Synthesises short RNA primers that provide starting points for DNA polymerase III to initiate DNA synthesis.

	DNA polymerase I
	Removes RNA primers and replaces them with DNA nucleotides; also contributes to proofreading and repair.

	DNA polymerase III
	Main enzyme responsible for DNA synthesis; extends new DNA strands in the 5’ to 3’ direction on both the leading and lagging strands.

	DNA ligase
	Joins adjacent DNA fragments by forming bonds. Acts as the ‘glue’.




[bookmark: _Student_resource_–_5][bookmark: _Ref239755439][bookmark: _Toc243058783][bookmark: _Ref230862174][bookmark: _Ref230860851]Student resource – modelling DNA replication
Instructions: using your knowledge of DNA replication and the information in the text in this resource, complete the DNA Replication Simulator and respond to the given questions.
What is DNA replication?
DNA replication is the biological process by which a cell produces an exact copy of its DNA before cell division. This is essential for genetic continuity, ensuring that each daughter cell receives an identical genome. The process is tightly regulated and involves multiple enzymes acting in coordinated stages known as initiation, elongation and termination.
How does DNA replication occur?
Initiation begins at specific regions of the DNA molecule called origins of replication. At these sites, the enzyme helicase unwinds the double-stranded DNA by breaking hydrogen bonds between complementary nitrogenous bases, causing the formation of a replication fork. This exposes 2 single-stranded DNA templates. Because DNA polymerases cannot begin synthesising a new strand without an existing starting point, primase produces short RNA primers complementary to the DNA template. DNA polymerase needs a starting point and the primer provides the chemical end that allows it to add new DNA nucleotides.
Elongation is the phase in which new DNA strands are synthesised. The primary enzyme responsible for this process is DNA polymerase III, which extends the new DNA strand by adding nucleotides in the 5’ to 3’ direction. It uses the parental DNA strand as a template and follows complementary base-pairing rules to produce an accurate copy. DNA polymerase III carries out most DNA synthesis on both the leading strand, where replication is continuous, and the lagging strand, where synthesis occurs in segments.
DNA polymerase I then plays a key supporting role by removing RNA primers and replacing them with DNA nucleotides, ensuring the newly formed strands are fully composed of DNA. DNA polymerase II has a more specialised role in DNA repair, helping correct errors or assisting when DNA damage disrupts replication. Finally, DNA ligase completes the process by sealing the remaining gaps between adjacent DNA fragments, forming phosphodiester bonds and producing a continuous, stable sugar-phosphate backbone.
Termination occurs when replication forks meet or when the replication process reaches specific termination sequences, depending on the organism. At this stage, all newly synthesised DNA strands are complete, and the replication machinery disassembles. DNA ligase seals any remaining discontinuities in the DNA backbone, producing 2 complete DNA molecules.
DNA replication produces 2 genetically identical DNA molecules; each composed of one parental strand and one newly synthesised strand. This process is described as ‘semi-conservative replication’.
DNA replication is essential because it allows accurate DNA copying to be passed on to the next generation. Before any cell divides, whether through mitosis or meiosis, it must produce complete, identical copies of its genome so that each daughter cell receives the genetic information it needs to function. Without accurate replication, division would produce cells with incomplete, mismatched or missing genetic information, compromising their ability to function. In mitosis, accurate replication ensures that every new somatic cell is genetically identical to the parent cell, maintaining consistency across the body during growth and repair. In meiosis, replication occurs once before the cell undergoes 2 rounds of division. Hence, the accuracy of that initial copy directly affects the genetic information passed on to gametes and ultimately to offspring. Replication is therefore not just a molecular event; it underpins the accuracy of cell division, genetic stability and the normal functioning of growth, repair and reproduction, enabling continuity of life.
This text has been generated using artificial intelligence. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Modelling DNA replication questions
1. Identify 2 features of DNA replication that are represented by the simulation. Explain how the model represents each feature.
Table 1 – features of DNA replication represented in the simulation
	Feature of DNA replication
	How the model represents it

	
	

	
	


How does using the simulation as a model help you understand or explain DNA replication that cannot be directly observed?
	


Outline some of the limitations of this model.
	


Overall, how useful is the DNA Replication Simulator as a model for explaining DNA replication?
	




[bookmark: _Sample_response_–_5][bookmark: _Ref239755667]Sample response – student resource – modelling DNA replication
Modelling DNA replication questions
1. Identify 2 features of DNA replication that are represented by the simulation. Explain how the model represents each feature.
Table 1 – features of DNA replication represented in the simulation
	Feature of DNA replication
	How the model represents it

	Unwinding of DNA and formation of the replication fork.
	The simulation shows helicase separating the 2 DNA strands, creating a replication fork and exposing the template strands for copying.

	Complementary base pairing.
	The simulation allows complementary bases to be added to the exposed DNA template according to base-pairing rules, with A pairing with T and C pairing with G.


Other responses may include features such as the leading and lagging strands, the roles of primase, DNA polymerase or ligase, and the semi-conservative nature of DNA replication.
How does using the simulation as a model help you understand or explain DNA replication that cannot be directly observed?
	The simulation makes the microscopic process of DNA replication visible and lets you observe the sequence of events and enzyme actions. This helps us understand how DNA is unwound, copied and reassembled even though the molecular process cannot be directly observed with the naked eye.


Outline some of the limitations of this model.
	The simulation is a simplified representation of DNA replication and does not show every molecular interaction that occurs in a living cell. It does not accurately represent the size, scale or spacing of DNA and enzymes, and it simplifies the speed and coordination of replication. The simulation also does not explicitly show DNA polymerase removing RNA primers and replacing them with DNA nucleotides.


Overall, how useful is the DNA Replication Simulator as a model for explaining DNA replication?
	The DNA Replication Simulator is a highly useful model for explaining DNA replication because it makes a microscopic and complex process visible and interactive. It lets students observe the sequence of events and the roles of enzymes, helping them see how the major features of DNA replication connect. However, it has limitations because it simplifies some molecular processes and does not represent the exact scale, speed or complexity of replication in a living cell. Therefore, it is an effective model for understanding the major features of DNA replication, but it is not an exact representation of the process occurring in a real cell.




[bookmark: _Student_resource_–_6][bookmark: _Toc243058784]Student resource – assessing the use of models for DNA replication
Instructions: outline the strengths and weaknesses of models in demonstrating DNA replication and make a judgement.
When you assess the strengths and weaknesses of models in representing scientific concepts, strengths relate to how accurately the model represents and demonstrates the real concept, and weaknesses relate to the limitations of the model.
Table 1 – scaffold to assess the use of models to demonstrate DNA replication
	Strengths in representing DNA replication
	Weaknesses in representing DNA replication
	Judgement

	
	
	




[bookmark: _Ref239755657]Sample response – student resource – assessing the use of models for DNA replication
[bookmark: _Ref230865762]Table 1 – sample response showing the strengths, weaknesses and judgment of the usefulness of models in demonstrating DNA replication
	Strengths in representing DNA replication
	Weaknesses in representing DNA replication
	Judgement

	The video and simulation model accurately depict DNA replication beginning at the origin of replication, showing how the DNA double helix unwinds to expose template strands for copying.
The video, diagram and simulation accurately depict helicase breaking hydrogen bonds and forming the replication fork, helping students visualise where replication occurs.
All 3 models accurately depict complementary base pairing (A–T and C–G), illustrating how the DNA sequence is copied to preserve genetic accuracy.
All 3 models accurately depict the difference between the leading and lagging strands, showing that DNA polymerase III synthesises DNA in the 5’ to 3’ direction, resulting in continuous synthesis on one strand and discontinuous synthesis on the other.
The diagram accurately identifies and labels key enzymes, including primase, DNA polymerase I, DNA polymerase III and ligase, helping students understand each enzyme's role in replication.
The video and simulation represent DNA replication as a dynamic process, allowing students to visualise the movement and progression of replication. At the same time, the diagram provides a clear summary of the structures, enzymes and stages involved.
	None of the 3 models fully capture the complexity of DNA replication because they simplify enzyme interactions, which in real cells are far more coordinated.
The models do not accurately represent the scale of DNA replication. Enzymes, nucleotides and DNA are not shown in realistic proportions, which may create misconceptions about molecular size and spacing.
The diagram model does not represent replication as a dynamic process because it is static and cannot show the continuous movement of enzymes or the progression of the replication fork over time.
The models do not fully represent every molecular detail involved in real DNA replication. For example, models may simplify or omit coordination between enzymes and proofreading processes to make the process easier to understand.
The simulation does not explicitly represent every molecular process involved in DNA replication. For example, the role of DNA polymerase I in removing RNA primers and replacing them with DNA nucleotides is not directly visible.
The models may oversimplify the speed and simultaneous nature of replication, as multiple enzymes work at once in living cells and replication occurs much faster than shown.
	Despite their limitations, the video, diagram and simulation models are highly effective for demonstrating DNA replication because they accurately represent the major structures, enzymes and stages involved while making a microscopic and complex process visible and understandable. The models complement one another: the video shows the process dynamically, the simulation lets students interact with it, and the diagram provides a clear summary of the key features. Therefore, while the models are simplified representations rather than exact copies of DNA replication in a living cell, they are highly useful for explaining the phenomenon and developing an understanding of the process.




[bookmark: _Student_resource_–_7][bookmark: _Toc243058785]Student resource – spot the error in the DNA replication model
Instructions: use the information to spot the error in the DNA replication model and correct it.
You are a molecular biologist reviewing a student-made DNA replication model. The model contains 4 scientific errors.
Read the statements carefully. For each one:
Identify whether it is correct or incorrect and provide reasoning
If incorrect, explain what is wrong and correct the statement using accurate scientific terms.
Table 1 – statements about DNA replication for students to identify as incorrect or correct
	Statement
	Correct/Incorrect
	Reasoning
	Correct (if needed)

	DNA replication begins at specific regions of DNA called origins of replication, where the double helix unwinds for copying.
	
	
	

	Helicase breaks the hydrogen bonds between complementary bases, causing the DNA strands to separate and form a replication fork.
	
	
	

	DNA polymerase III builds new DNA strands in the 3’ to 5’ direction, so both strands are synthesised in the same way.
	
	
	

	Primase synthesises short RNA primers that provide a starting point for DNA polymerase to initiate DNA synthesis.
	
	
	

	The leading strand is synthesised discontinuously in short fragments, while the lagging strand is synthesised continuously in the same direction as the replication fork.
	
	
	





[bookmark: _Sample_response_–_6][bookmark: _Ref230860847]Sample response – student resource – spot the error in the DNA replication model
Table 1 – sample response for students’ spotting errors in the DNA replication model
	Statement
	Correct/Incorrect
	Reasoning
	Correct (if needed)

	DNA replication begins at specific regions of DNA called origins of replication, where the double helix opens for copying.
	Correct
	DNA replication begins at origins of replication, where the DNA double helix is unwound so the strands can be copied.
	No correction needed.

	Helicase breaks hydrogen bonds between complementary bases, causing the DNA strands to separate and form a replication fork.
	Correct
	Helicase breaks the hydrogen bonds between complementary nitrogenous bases, separating the DNA strands and forming a replication fork.
	No correction needed.

	DNA polymerase III builds new DNA strands in the 3’ to 5’ direction, so both strands are synthesised in the same way.
	Incorrect
	DNA polymerase III cannot synthesise DNA in the 3’ to 5’ direction. It can only add nucleotides in the 5’ to 3’ direction.
	Correction: DNA polymerase III synthesises new DNA strands in the 5’ to 3’ direction.

	Primase synthesises short RNA primers that provide a starting point for DNA polymerase to initiate DNA synthesis.
	Correct
	Primase produces short RNA primers that allow DNA polymerase to begin DNA synthesis, as DNA polymerase cannot start without a primer.
	No correction needed.

	The leading strand is synthesised discontinuously in short fragments, while the lagging strand is synthesised continuously in the same direction as the replication fork.
	Incorrect
	The statement reverses the roles of the strands. The leading strand is synthesised continuously in the same direction as the replication fork, whereas the lagging strand is synthesised discontinuously in short fragments away from the fork.
	Correction: the leading strand is synthesised continuously, whereas the lagging strand is synthesised discontinuously in short fragments.




[bookmark: _Toc243058786]Teaching advice
Teach DNA replication using scientific modelling to explain a biological phenomenon that cannot be directly observed. In previous lesson sequences in this focus area, students learned that models are scientific representations used to explain complex or microscopic processes. Review this with students and connect this to their new learning that DNA replication is modelled because it occurs at the molecular level, cannot be observed with the naked eye, and involves multiple simultaneous interactions between enzymes and DNA. Revisit prior learning about DNA structure, particularly complementary base pairing, hydrogen bonding and antiparallel strands, as these concepts underpin how replication occurs. Throughout teaching, make clear connections between structure and function. For example, explain how complementary bases allow accurate copying of genetic information and how the antiparallel nature of DNA results in leading and lagging strand synthesis.
Students should engage in a practical investigation through modelling by completing a DNA replication simulation model while interacting with a text. Clearly explain the roles of helicase, primase, DNA polymerases and ligase, while continually reinforcing how models explain phenomena. Students should also be taught to assess models by recognising that, while they can accurately represent major structures and processes, they are simplified representations that do not fully capture the complexity, scale and dynamic interactions involved in DNA replication in living cells.
Background information
DNA replication is the biological process by which cells produce an identical copy of DNA before cell division. This process ensures genetic continuity, allowing daughter cells to inherit the same genetic information as the parent cell. DNA replication relies on DNA's structure, particularly complementary base pairing and antiparallel strands. Because adenine pairs with thymine and cytosine pairs with guanine, each original DNA strand can serve as a template for building a complementary strand, ensuring accurate copying of genetic information.
Replication begins at specific regions called origins of replication, where the enzyme helicase breaks hydrogen bonds between complementary bases, separating the DNA strands and forming a replication fork. Primase synthesises RNA primers that provide the starting point for DNA polymerase III to synthesise new DNA strands in the 5’ to 3’ direction. Due to the antiparallel arrangement of DNA, replication occurs continuously on the leading strand and discontinuously on the lagging strand. DNA polymerase I later replaces RNA primers with DNA nucleotides, while ligase joins adjacent DNA fragments to form continuous strands.
Because DNA replication occurs at a microscopic level and involves rapid molecular interactions that cannot be directly observed, scientists use models to explain the process. Video, diagrams and conceptual models help students visualise enzyme function, strand directionality and complementary base pairing. However, models are simplified representations and may not fully capture the speed, scale or molecular complexity of DNA replication in living cells.
Checks for understanding
[bookmark: _Check_for_understanding_5][bookmark: _Ref230862904][bookmark: _Ref230783387]Check for understanding 1 (4.3 PPT)
Questions
1. Where does DNA replication begin?
1. What is the role of helicase?
1. Why is primase needed before DNA polymerase can work?
1. In which direction does DNA polymerase build a new strand?
1. What is the difference between the leading and lagging strands?
1. Why is DNA replication described as semi-conservative?
Check for understanding 1 sample response
1. The origin of replication.
Helicase unwinds DNA by breaking hydrogen bonds.
DNA polymerase needs a starting point to add nucleotides. Primase makes a primer to indicate this starting point.
In the 5’ to 3’ direction.
Leading strand synthesis is continuous, while lagging strand synthesis is discontinuous and occurs in fragments.
Each new DNA molecule contains one original (template) strand and one newly synthesised strand.
[bookmark: _Check_for_understanding_6][bookmark: _Ref239684292]Check for understanding 2 (4.3 PPT)
Give one reason why models are useful in Science.
Check for understanding 2 sample response
Student responses may vary but could include:
to explain how things work
to understand things we cannot easily observe
to simplify complex ideas
to make predictions or test ideas
to communicate scientific thinking.
[bookmark: _Check_for_understanding_7][bookmark: _Ref230866464]Check for understanding 3 (4.3 PPT)
Which statement best assesses the use of models in demonstrating DNA replication?
A. Models are ineffective because they do not perfectly represent every molecular interaction in DNA replication.
B. Models are exact copies of DNA replication and show every process exactly as it occurs in living cells.
C. Models are only useful for labelling structures and cannot explain how DNA replication occurs.
D. Models are effective because they accurately represent major features of DNA replication, such as enzyme roles and complementary base pairing, although they simplify some aspects of the real process.
Check for understanding 3 sample response
Table 13 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Incorrect
	A scientific model need not perfectly represent reality to be useful. Models simplify complex concepts while accurately capturing the key features of the real process. DNA replication models accurately depict major processes, including helicase unwinding DNA, complementary base pairing and enzyme function. Students may think that if something is not 100% scientifically accurate, it is not valuable. They may focus too heavily on models' weaknesses and overlook their usefulness in representing key scientific ideas.

	B
	Incorrect
	Scientific models are representations, not exact copies of reality. The video and diagram simplify DNA replication and do not fully capture the true scale, speed, molecular interactions or the complexity of enzyme coordination in living cells. Students may confuse a highly detailed model with an exact copy, especially after watching a realistic-looking 3D animation. They may assume that because it “looks real,” it is scientifically complete.

	C
	Incorrect
	Models do more than identify structures. DNA replication models help explain processes and relationships, such as how enzymes interact, why the replication fork forms, and why the leading and lagging strands are synthesised differently. Students may associate diagrams only with labelling activities and fail to recognise that models also explain invisible processes and support scientific understanding.

	D
	Correct
	N/A




[bookmark: _4.4_Somatic_and][bookmark: _Ref235784562][bookmark: _Toc243058787]4.4 Somatic and gametic cells (secondary-source investigation)
Students will learn the structures and roles of somatic and gametic cells, then compare them, explaining how their structures support their unique roles.
Table 14 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the roles and structures of somatic and gametic cells
	define ‘somatic’, ‘gametic’, ‘diploid’ and ‘haploid’
explain how the structures of somatic and gametic cells account for their roles
outline the similarities and differences between somatic and gametic cells

	to communicate scientific information in written texts.
	use appropriate scientific notations when referring to diploid and haploid cells
explain concepts related to somatic and gametic cells using appropriate terminology such as diploid, haploid, chromosomes, gametes, sperm and ovum.


[bookmark: _Toc243058788]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about the role of DNA and DNA replication in cells using 4.4 PPT ‘Activating prior knowledge’. Display the slide on the board and have students respond to the questions individually. Then, facilitate a class discussion to check their responses using Table 15.
[bookmark: _Ref239949027]Table 15 – sample questions and responses to activate prior knowledge about DNA and DNA replication
	Question
	Sample response

	Outline the role of DNA in cells.
	DNA stores the genetic information needed to build, maintain and operate a cell.

	Why must DNA replicate before cell division?
	DNA must replicate before cell division so that each new cell receives a complete copy of the genetic information. Replication ensures that important instructions are passed on and allows new cells to function correctly. Complementary base pairing helps ensure the copied DNA is accurate.

	What could happen if new cells did not receive genetic information?
	Without genetic information, new cells would not have the instructions needed to make proteins or carry out essential functions.


If students are struggling to recall this prior knowledge, refer to the content and resources in 4.3 DNA replication (practical investigation).
Connect this to students’ prior learning by explaining that:
DNA contains the instructions cells need to carry out their functions, and this information must be copied before cells reproduce. Without genetic information, cells cannot function effectively.
This raises an important question: if different cells have different roles in a multicellular organism, do they all contain the same amount of genetic information?
In this lesson, students will examine the major categories of cells in multicellular organisms, somatic and gametic cells, and compare how their structures and functions differ. By examining the amount of genetic information they contain and the roles they perform, students will begin to understand why organisms require these cell types.
Core learning
The structure and role of somatic and gametic cells
1. Explain to students that organisms contain somatic and gametic cells which have different structures and perform different functions. Make it clear that the difference in genetic information is between somatic and gametic cells: all somatic cells in humans have the same amount of genetic information, and all gametic cells in humans have the same amount of genetic information.
This links directly to DNA replication because replication ensures that every somatic cell ends up with the same amount of genetic information. Every time a somatic cell divides, DNA replication accurately copies the entire genome so that each daughter cell receives a complete, identical set of genetic information. In meiosis, DNA replication still happens once, but the cell then divides twice instead of once. This halves the genetic information across the 2 divisions to produce gametic cells.
1. Define the key terms for this sequence using 4.4 PPT ‘Defining key terms. Model the correct use of scientific notation.
Somatic cell: any body cell that is not involved in reproduction. Somatic cells are diploid cells that make up the tissues and organs of an organism and are responsible for growth, repair, and normal body functioning. Soma comes from the Greek word sôma, meaning body, and somatic comes from the Ancient Greek sōmatikós, meaning bodily.
Gametic cell: a specialised haploid reproductive cell (sperm in males, or an ovum [egg] in females) containing only one set of chromosomes. Gamete comes from the Ancient Greek word gameti, derived from gamos, meaning marriage or union.
Diploid: refers to the presence of 2 complete sets of chromosomes in an organism’s cells (2n), with each parent contributing a chromosome to each pair.
Haploid: refers to cells, nuclei, or organisms that contain a single set of chromosomes (n), which is half the number found in diploid (2n) somatic cells.
Provide students with the Student resource – the structure and role of somatic and gametic cells.
Review how to extract and summarise key points to respond to the questions.
Students independently engage with the text to extract and summarise key points to respond to questions about the structure and function of somatic and gametic cells. Provide student feedback using the sample response in Sample response – student resource – the structure and role of somatic and gametic cells.
Somatic cells are body cells that form the tissues and organs of an organism. They contribute to growth, repair and normal body functioning. They replace damaged or worn-out cells and allow tissues and organs to carry out specialised processes required for survival. Somatic cells are diploid; they contain 2 sets of chromosomes and therefore 2 copies of most genes. Different genes are expressed in different types of somatic cells, allowing cells to develop specialised structures and functions.
Gametic cells are reproductive cells, such as sperm and ova, that carry genetic information that is combined during fertilisation to produce a new organism. Gametic cells are haploid. They must be haploid so that when 2 gametes combine during fertilisation, the resulting zygote contains the correct diploid number of chromosomes. If gametes were diploid, fertilisation would double the chromosome number each generation, disrupting normal cell function in offspring. The haploid structure of gametic cells therefore ensures that the correct chromosome number is restored and maintained across generations.
Check students’ understanding of the structure and role of somatic and gametic cells using Check for understanding 1 (4.4 PPT).Display slide 4.4 PPT ‘Check for understanding 1’ on the board and ask students to respond to the questions. Cold-call students to check their understanding of the structure and role of somatic and gametic cells.
Comparing somatic and gametic cells
1. Explain to students that they will now compare the structure and role of somatic and gametic cells.
1. Ask students to independently draw a double Venn diagram in their books to compare the structure and role of somatic and gametic cells.
Through guided or independent practice, outline the similarities and differences between somatic and gametic cells, focusing on structure and role to complete the Venn diagram. Refer to the sample response in Figure 15.
They are similar in that they both contain genetic material packaged as chromosomes and both cell types are important for the survival of an organism.
Somatic cells are diploid; however, gametic cells are haploid.
The role of somatic cells is growth, repair and maintenance. In contrast, gametic cells are involved in sexual reproduction.
Examples of somatic cells include muscle, skin and nerve cells, whereas examples of gametic cells include sperm and ova.
Provide students with the Student resource – comparing the structure and role of somatic and gametic cells.
Ask students to independently practice unpacking the question to plan and construct a response using a strategy such as CUBE or VCFS.
Once students have constructed a response, they either exchange it with a partner or self-reflect on their written response using the marking guidelines in Table 1 of the student resource to guide their feedback.
Guide a class discussion to assess students’ understanding of the roles and structures of somatic and gametic cells. Use the Sample response – student resource – comparing the structure and role of somatic and gametic cells or the points below to guide the discussion.
Both somatic and gametic cells contain genetic material packaged as chromosomes, making them specialised cells that carry the genetic information needed for the organism to function.
Somatic cells are diploid (2n) with 46 chromosomes. In contrast, gametic cells are haploid (n) with 23 chromosomes. This means somatic cells carry a complete set of genetic information, while gametic cells carry only half.
This structural difference explains their distinct roles: somatic cells require a complete set of genetic instructions to carry out growth, repair and maintenance. In contrast, gametic cells must be haploid so that fertilisation restores the correct diploid chromosome number in the zygote.
Although they differ in chromosome number and function, both cell types are essential to the organism; somatic cells maintain the body throughout its lifetime, while gametic cells ensure that genetic information is passed on to the next generation.
[bookmark: _Ref231206106]Figure 15 – sample response to compare the similarities and differences between the role and structure of somatic and gametic cells
[image: A sample response for a double Venn diagram showing the similarities and differences between somatic and gametic cells, including their structure, chromosome number, roles and examples.]
Consolidate
1. Consolidate students’ understanding of the roles and structures of somatic and gametic cells by explaining how their roles support their functions. Use 4.4 PPT ‘Somatic and gametic cells’, shown in Figure 16.
Instruct students to independently identify whether each statement refers to a somatic cell, a gametic cell or both. 
Once students have done this, they independently respond to the question in the blue box on the slide: ‘A somatic cell and a gametic cell both contain genetic information, yet they perform completely different roles. Using the table above, write one sentence that explains why this is the case.’
Refer to Figure 17 and the sample response below to review students’ answers:
Although both cell types contain genetic information, somatic cells are diploid (2n) and carry a complete set of genetic instructions needed for growth, repair and maintenance. In contrast, gametic cells are haploid (n) and carry only half the genetic information, which is necessary for their role in sexual reproduction.
[bookmark: _Ref231209573]Figure 16 – the consolidating understanding activity for the roles, structures and functions of somatic and gametic cells
[image: The consolidating understanding activity asking students to classify 6 statements as relating to somatic cells, gametic cells or both, then explain in one sentence why these cells perform different roles despite both containing genetic information.]
[bookmark: _Ref231209584]Figure 17 – the sample response for the consolidating understanding activity
[image: The sample response showing the 6 statements classified as relating to somatic cells, gametic cells or both, followed by a question asking students to explain in one sentence why these cells perform different roles despite both containing genetic information.]

[bookmark: _Student_resource_–_8][bookmark: _Ref231204504][bookmark: _Toc243058789]Student resource – the structure and role of somatic and gametic cells
Instructions: engage with the text to answer the comprehension questions about somatic and gametic cells.
Different types of cells for different functions
Multicellular organisms require many different cell types to survive. These cells are specialised to perform specific functions. Some cells support growth, repair and bodily processes, while others are involved in reproduction. Because these cells perform different roles, they do not all contain the same amount of genetic information.
Somatic cells
Somatic cells are the cells that make up most of an organism's body. Examples include skin, bone, muscle, nerve, liver and blood cells. These cells are responsible for growth, replacing worn-out cells, repairing damage and carrying out the everyday functions needed to keep an organism alive.
	Somatic cells contain a complete set of genetic information. In humans, somatic cells contain 46 chromosomes arranged in 23 pairs, as shown in Figure 1. Cells with 2 sets of chromosomes are described as diploid (2n). A complete set of chromosomes means somatic cells possess all the genetic instructions needed to perform specialised functions. Although different somatic cells have different structures depending on their role, they all contain the same chromosome number and complete genetic information. Without a complete set of chromosomes, a somatic cell would lack key instructions, meaning it may not be able to function independently in its specialised role or support the organism's growth, repair and maintenance.
	Figure 1 – a diagram of the complete set of chromosomes
[image: A diagram showing the 23 pairs of chromosomes in a human cell, representing the complete set of 46 chromosomes.]
1.4. The inheritance of chromosomes by Biosciences For Farming in Africa, licensed under CC BY-NC-ND 4.0.

	Gametic cells
Gametic cells are reproductive cells involved in sexual reproduction. In humans, gametes are sperm cells, produced in the testes, and egg cells (ova), which mature and are released from the ovaries. They carry genetic information from parents to offspring.
Unlike somatic cells, gametic cells contain only one set of chromosomes, which is half the genetic information found in diploid cells. In humans, gametic cells contain 23 chromosomes and are described as haploid (n). This haploid structure means that when 2 gametes combine during fertilisation, the resulting zygote contains the correct diploid number of chromosomes.
	Figure 2 – a diagram showing the haploid nature of gametic cells
[image: A diagram comparing the genetic information in haploid (n) and diploid (2n) cells, showing one set of chromosomes in haploid cells and 2 sets in diploid cells.]
Haploid vs diploid by Ehamberg, licensed under CC BY-SA 4.0.

	Figure 3 – diagrams of a sperm and ovum
[image: An image showing the structure of the gametes, including the sperm cell and ovum.]
	Gametes are also structurally specialised for their reproductive role. Sperm cells (top image in Figure 3) are small and streamlined, with a tail (flagellum) that allows them to swim towards an ovum. They also contain a nucleus that holds the genetic information.
The ovum (bottom image in Figure 3) is much larger than sperm cells and contains a large amount of cytoplasm with stored nutrients that support early development after fertilisation. It also contains a nucleus with genetic information.
Having half the chromosome number allows genetic information from 2 parents to combine while maintaining the correct chromosome number in offspring.


This image has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
This text has been generated using artificial intelligence. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. What are somatic cells? List 3 examples.
	


Describe the role of somatic cells in an organism.
	


Describe the structure of somatic cells.
	


Explain why somatic cells require a complete set of chromosomes.
	


What are gametic cells? Identify the 2 types of gametic cells in humans.
	


Describe the role of gametic cells in an organism. 
	


Describe the structural features of a sperm cell and an egg cell (ovum) and explain how their structures support their functions.
	


Using the information provided, explain why it is important that somatic cells are diploid and gametic cells are haploid.
	


[bookmark: _Sample_response_–_7][bookmark: _Ref231207896][bookmark: _Ref231204768]Sample response – student resource – the structure and role of somatic and gametic cells
Questions
1. What are somatic cells? List 3 examples.
	Somatic cells are the body cells that form an organism's tissues and organs. They include skin, muscle and nerve cells.


Describe the role of somatic cells in an organism.
	Somatic cells are responsible for growth, repair and maintenance of the body's normal functions. They replace damaged or worn-out cells and allow tissues and organs to carry out specialised processes required for survival.


Describe the structure of somatic cells.
	Somatic cells contain 2 sets of chromosomes and are diploid. In humans, this means they have 46 chromosomes (2n) arranged in 23 pairs. This complete set of genetic information enables them to perform specialised functions in different parts of the body.


Explain why somatic cells require a complete set of chromosomes.
	Somatic cells require a complete set of chromosomes because they need all the genetic instructions to produce proteins and carry out specialised functions. This enables them to support growth, repair and normal body processes effectively.


What are gametic cells? Identify the 2 types of gametic cells in humans.
	Gametic cells are reproductive cells involved in sexual reproduction. In humans, the 2 types are sperm and egg cells (ova).


Describe the role of gametic cells in an organism. 
	Gametic cells carry genetic information from parents to offspring during reproduction. They ensure that genetic information is passed on and combined during fertilisation, producing a new organism.


Describe the structural features of a sperm cell and egg cell (ovum) and explain how their structures support their functions.
	Gametic cells are haploid cells that, in humans, contain 23 chromosomes. This halving of genetic information is essential when gametes come together during fertilisation. Specifically, sperm cells are small and streamlined, with a tail that allows them to move toward the egg cell. This structure helps them reach the egg for fertilisation. Egg cells are much larger and contain a large amount of cytoplasm with stored nutrients, which supports early embryo development after fertilisation. Both cells contain a nucleus with the genetic information needed for reproduction.


Using the information provided, explain why it is important that somatic cells are diploid and gametic cells are haploid.
	Somatic cells must be diploid because they require a complete set of genetic instructions to carry out specialised functions such as growth, repair and maintenance of the organism. Without all 46 chromosomes, a somatic cell would lack key genetic information needed to perform its role effectively. Gametic cells must be haploid so that when 2 gametes combine during fertilisation, the resulting zygote contains the correct diploid number of chromosomes. If gametes were diploid, fertilisation would double the chromosome number each generation, disrupting normal cell function in offspring. The haploid structure of gametic cells therefore ensures that the correct chromosome number is restored and maintained across generations.




[bookmark: _Student_resource_–_9][bookmark: _Toc243058790]Student resource – comparing the structure and role of somatic and gametic cells
Instructions: deconstruct, plan and construct a response to the question. Swap with a peer or self-reflect on the response using the marking criteria in Table 1.
Compare the structures and roles of somatic and gametic cells, explaining why their structural differences are necessary for each cell type to fulfil its role. (4 marks)
	


Table 1 – the marking criteria for the question
	Mark
	Criteria

	4
	Compares the structure and role of somatic and gametic cells by providing similarities and differences, explaining how the structural difference (diploid vs haploid) is necessary for each cell to carry out its role.
Constructs a cohesive written response that effectively utilises connectives to illustrate comparison.
Uses correct and precise scientific terminology effectively to provide detail and show understanding of somatic and gametic cells.

	3
	Compares the roles and structures of somatic and gametic cells by identifying similarities and differences and linking structure to role.
Constructs a written response that effectively uses connectives to illustrate comparison.
Uses correct scientific terminology to provide detail.

	2
	Compares the roles and structures of somatic and gametic cells by highlighting similarities and differences.
OR 
Outlines the roles and structures of somatic and gametic cells.

	1
	Outlines a role or structure of somatic or gametic cells.




[bookmark: _Sample_response_–_8][bookmark: _Ref239926822]Sample response – student resource – comparing the structure and role of somatic and gametic cells
Compare the structures and roles of somatic and gametic cells, explaining why their structural differences are necessary for each cell type to fulfil its role. (4 marks)
	Somatic and gametic cells are similar because both contain genetic material packaged as chromosomes and are specialised cells that carry the genetic information needed for an organism to function. However, they differ in structure and role. Somatic cells are diploid (2n), containing 46 chromosomes arranged in homologous pairs, whereas gametic cells are haploid (n), containing only 23 chromosomes. Because somatic cells carry a complete set of genetic instructions, they can carry out growth, repair and maintenance of the body. In contrast, the haploid structure of gametic cells is necessary for sexual reproduction, ensuring that when 2 gametes combine during fertilisation, the resulting zygote contains the correct diploid number of chromosomes.




[bookmark: _Toc243058791]Teaching advice
The central idea of this lesson is that structure determines function. Students should understand that the amount of genetic information a cell contains is not arbitrary; the cell's needs directly determine it. Somatic cells need every available genetic instruction to carry out the wide range of specialised body functions; gametic cells need exactly half so that the correct number is restored at fertilisation. Reinforce this cause-and-effect relationship explicitly throughout the lesson rather than treating structure and function as separate topics.
When introducing diploid (2n) and haploid (n), explicitly teach students that these are scientific notations for the number of chromosome sets, not the total chromosome count. Students often confuse 2n with the number 2 rather than recognising it as a symbol for 2 complete sets. Use human examples to anchor the notation: in humans, 2n = 46 and n = 23.
A common misconception is that specialised somatic cells (for example, a muscle cell versus a skin cell) have different DNA. Address this directly: all somatic cells in an organism contain the same complete set of genetic information.
Demonstrate the correct use of scientific notation in writing. For example, show students that somatic cells are written as diploid (2n), with the term first and the notation in parentheses, and that haploid (n) follows the same convention. Have students practise using this notation in their written responses and provide corrective feedback during the marking criteria activity.
Background information
The word somatic derives from the Greek soma, meaning body. Somatic cells constitute virtually all cells of a multicellular organism, except for gametic cells. In humans, somatic cells are diploid, containing 2 complete sets of 23 chromosomes, one set inherited from each parent, for a total of 46 chromosomes arranged in 23 homologous pairs. Each pair consists of one maternal and one paternal chromosome, each carrying genes for the same traits. Because somatic cells contain the complete genome, they possess all the genetic instructions required for any specialised function, whether that is contracting muscle fibres, transmitting nerve impulses or synthesising liver enzymes.
Gametes are produced in the gonads: sperm in the testes and ova in the ovaries. They are haploid and contain a single set of 23 chromosomes. In humans, the haploid number is n = 23. Sperm cells are highly specialised for motility: they are small and streamlined, with a flagellum powered by mitochondria concentrated in the midpiece. The acrosome at the head contains enzymes that assist in penetrating the ovum. Ova are the largest human cells, with a diameter of approximately 0.1 mm. Their large volume of cytoplasm contains stored nutrients (yolk proteins and lipids) that support the embryo through early cell divisions before implantation. Both gametes contain a nucleus carrying the haploid set of chromosomes.
Haploidy is essential because sexual reproduction requires the fusion of 2 gametes. If both gametes were diploid, each fertilisation event would double the chromosome number; after just a few generations, the chromosome number would become unmanageable and cell function would be impossible. The haploid state of gametes ensures that fertilisation restores the diploid number in the zygote, maintaining genetic stability across generations. This is why gametes must differ structurally from somatic cells.
The notation 2n denotes the diploid state, with n representing the haploid number for a given species. In humans, n = 23, so 2n = 46. This notation is standard across biology, and students will encounter it throughout genetics, cell division and reproduction. Students must understand that ‘n’ is a variable representing the species-specific haploid chromosome number, not a fixed value.
Checks for understanding
[bookmark: _Check_for_understanding_8][bookmark: _Ref231204794]Check for understanding 1 (4.4 PPT)
Statement 1: a scientist examines a human cell and finds it contains 46 chromosomes, arranged in 23 pairs. 
Statement 2: a scientist examines another human cell and finds it contains 23 chromosomes.
For each statement, identify the likely cell type and justify your answer.
Check for understanding 1 sample response
Statement 1: the cell is most likely a somatic cell because it contains a diploid set of chromosomes. In humans, somatic cells contain 46 chromosomes arranged in 23 pairs, representing a full set of genetic information for body functions.
Statement 2: the cell is most likely a gametic cell because it contains a haploid set of chromosomes. Human gametes contain 23 chromosomes, which represents half the genetic information needed for fertilisation to restore the full chromosome number.


[bookmark: _4.5_Mitosis_(practical][bookmark: _Ref235784172][bookmark: _Toc243058792]4.5 Mitosis (practical investigation)
Students will learn about the cell cycle and its importance, then explore mitosis in more depth, including modelling the named phases of mitosis and cytokinesis in a practical investigation.
Table 16 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the biochemical processes of cell division as essential for life
	describe the stages of the cell cycle
explain the phases of G1, S, G2 and M in the cell cycle
define ‘mitosis’, outline its role in producing identical daughter cells and explain its purpose
describe the events that occur during interphase, mitosis and cytokinesis

	to conduct practical investigations following safe work practices
	apply safe work practices and manage risks when conducting the practical investigation

	to use models to explain phenomena and solve problems.
	annotate and interpret models of mitosis using appropriate scientific terminology to describe the process of mitosis and cytokinesis
describe observations from a prepared slide (the model) and relate them to events occurring during mitosis
outline strengths and limitations of simulations and a prepared slide as models of mitosis in representing the real process of mitosis.


[bookmark: _Toc243058793]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about somatic cells and the need for DNA replication before cell division using 4.5 PPT ‘Activating prior knowledge’. Display the slide on the board, have students respond to the questions individually, then facilitate a class discussion using Table 18 to check their responses.
[bookmark: _Ref239934453]Table 17 – questions and sample responses to activate prior knowledge
	Question
	Sample response

	What is the role of somatic cells in an organism?
	Somatic cells are responsible for growth, repair and maintaining normal body function.

	What is the chromosome number of a human somatic cell?
	A human somatic cell has 46 chromosomes.

	What must happen to DNA before a cell divides to ensure each new cell receives a complete set of genetic information?
	DNA must replicate so that each new cell receives an identical complete copy of the genetic information, ensuring daughter cells can carry out their functions.


For students who may not be able to recall these concepts, refer back to the content and resources in 4.4 Somatic and gametic cells (secondary-source investigation).
Connect students’ prior knowledge to their new learning by explaining that in this sequence they will learn about the cell cycle and mitosis, and the organised sequence of events that ensures a cell divides correctly and guarantees that every new somatic cell receives a complete and accurate set of genetic information.
Core learning
The cell cycle
1. Explain that as a person grows, heals a wound or repairs damaged tissue, their body must produce new somatic cells.
These new cells need the same DNA as the original cell so they can perform the same specialised function. A new skin cell must function as a skin cell, and a new bone cell must function as a bone cell. This means the body needs a process that accurately copies DNA (DNA replication) and distributes it to produce genetically identical somatic cells.
Mitosis is part of the cell cycle. It is the process by which somatic cells divide to produce genetically identical diploid daughter cells, enabling growth and repair.
1. Provide students with the Student resource – the cell cycle and use 4.5 PPT ‘The cell cycle’ (7 slides) to explain the cell cycle and its importance. Refer to Sample response – student resource – the cell cycle for sample responses. Additional information is in the slide speaker notes and below to teach this content to students.
Cells do not divide continuously, nor should they. Most of a cell's life is spent growing, performing normal specialised functions and preparing for division. Uncontrolled division is dangerous and is associated with diseases such as cancer. The cell cycle is a tightly regulated process that ensures a cell divides only when it is ready and when the organism needs new cells for growth, repair or replacement.
The cell cycle consists of 4 phases: G1 (Gap 1), S (Synthesis), G2 (Gap 2) and M (Mitosis). 
In G1, the cell grows and copies its organelles to accommodate 2 future cells. It prepares for the next phase of the cell cycle, S, and carries out its normal specialised somatic functions: growth, repair and maintenance. Towards the end of the G1 phase, the cell reaches a checkpoint called the G1S checkpoint. At this checkpoint, the cell pauses to check for DNA damage, whether it is growing well enough, and whether it has sufficient resources to move on to the next parts of the cell cycle. This checkpoint helps ensure that the cell is ready to replicate its DNA accurately before progressing to S phase. If the checkpoint detects errors or DNA damage, the cell cycle halts so the machinery can attempt to repair the DNA. If the damage is too severe to repair, the cell may undergo programmed cell death (apoptosis) to prevent damaged genetic material from being replicated and passed on to daughter cells. 
In the S phase, DNA is replicated. Each chromosome is copied to produce 2 identical sister chromatids joined at the centromere. DNA replication occurs before mitosis because the cell needs 2 complete, identical sets of genetic information, one for each daughter cell. If replication is inaccurate, the daughter cells will not have the same genetic information as the parent cell and will not be able to carry out their specialised somatic functions.
In the G2 phase, the cell synthesises proteins to prepare for division into 2 daughter cells, including proteins involved in the formation and function of the mitotic spindle. In late G2, there is a checkpoint (G2M) to determine if DNA replicated during S phase is complete and accurate before the cell commits to dividing. If errors or damage are detected, the cell cycle halts so that the DNA can be repaired. If the damage is too severe to repair, the cell may undergo programmed cell death (apoptosis), preventing severely damaged genetic material from being passed to daughter cells.
Interphase comprises phases G₁, S and G₂ together, and makes up a large proportion of the cell cycle.
In the M phase, chromosomes are separated equally, and the cell divides, producing 2 identical diploid daughter cells. In the M phase of the cell cycle, 2 distinct processes occur: mitosis and cytokinesis. Mitosis is important because somatic cells are responsible for growth, repair and maintenance of the body. When cells are damaged or worn out, new cells are needed, and they must be genetically identical to the parent cell, with the same complete set of genetic instructions so that they can carry out the same function. During metaphase of mitosis, a checkpoint (M phase checkpoint) checks whether each chromosome is correctly attached to the mitotic spindle and properly positioned before the sister chromatids separate. This checkpoint helps ensure that each daughter cell receives the correct number of chromosomes. If a chromosome is not correctly attached to the spindle, the cell cycle halts, and the transition to anaphase is delayed, allowing time to correct the attachment. If the checkpoint fails to prevent the cell from proceeding, chromosomes may be distributed incorrectly between the daughter cells, resulting in cells with an abnormal number of chromosomes (aneuploidy). This can impair cell function and, when combined with other genetic changes, contribute to the development of cancer.
Check students’ understanding of the cell cycle and its importance using Check for understanding 1 (4.5 PPT). Show students 4.5 PPT ‘Check for understanding 1’ and ask students to match each phase to its role.
Mitosis and cytokinesis
1. Define and review the importance of ‘mitosis’ through a facilitated class discussion using 4.5 PPT ‘Mitosis’.
Mitosis is the process that occurs as part of the cell cycle, during which cellular division takes place, resulting in 2 genetically identical daughter cells.
It is essential for growth (enabling organisms to develop from a single cell), tissue repair (replacing damaged or dying cells) and cell replacement.
Mitosis must be highly accurate to ensure that each daughter cell receives a complete copy of the parent cell’s DNA. This genetic consistency is critical for maintaining cellular function and for driving growth and repair of damaged tissues.
Provide students with the Student resource – interphase, the named phases of mitosis and cytokinesis.
Display the Cell Division: Mitosis and Meiosis simulation on the board, and demonstrate interphase, the named phases of mitosis (prophase, metaphase, anaphase and telophase) and cytokinesis using the simulation. Use the notes in Table 18 to unpack the simulation step by step.
As each phase in the simulation is unpacked, model how to complete the annotations for the names of phases and the explanation of the phases on the diagram in the Student resource – interphase, the named phases of mitosis and cytokinesis. Refer to Sample response – student resource – interphase, the named phases of mitosis and cytokinesis for a sample response.
Please Make A Toast (PMAT) is a mnemonic that can be used to help students remember the stages of mitosis. P refers to prophase, M refers to metaphase, A refers to anaphase, and T refers to telophase.
Reinforce the importance of mitosis and its accuracy by highlighting the information from 4.5 PPT ‘Mitosis’.
Note: it may be useful to introduce students to the idea that errors in mitosis can cause chromosomal mutations. For example, non-disjunction can occur when sister chromatids fail to separate correctly. This can produce cells with abnormal chromosome numbers (aneuploidy). One daughter cell receives an extra chromosome while the other receives one fewer. 
Check students’ understanding of interphase, the named phases of mitosis and cytokinesis using Check for understanding 2 (4.5 PPT). Display 4.5 PPT ‘Check for understanding 2’ and ask students to respond to the question using a show of hands or on mini whiteboards.
Table 18 – information from the simulation about the named phases of mitosis and cytokinesis
	Phase
	Observations from simulation
	Additional information to support student understanding 

	Interphase
	The cell is not dividing. The nucleus remains visible, and the DNA appears as long, uncoiled chromatin. The cell copies its DNA in preparation for division.
	Interphase is the longest stage of the cell cycle and includes G₁, S and G₂. During S phase, DNA replicates, producing an identical copy of each DNA molecule. This ensures sufficient genetic information is available to produce 2 identical daughter cells. Most of a cell's life is spent in interphase carrying out normal functions, growing and preparing for division.

	Prophase
	Chromatin condenses into visible chromosomes. The nuclear membrane breaks down, and spindle fibres begin to form.
	Chromosomes shorten and thicken (condense) to move more easily during division. Each chromosome consists of 2 identical sister chromatids joined at a centromere, formed during DNA replication. The breakdown of the nuclear membrane allows spindle fibres to interact with the chromosomes.

	Metaphase
	Spindle fibres attach to the centromeres of the chromosomes. The chromosomes line up along the middle (equator) of the cell.
	Chromosome alignment ensures they can be separated evenly. Accurate alignment is important because each future daughter cell must receive a complete set of chromosomes. Errors at this stage may result in unequal chromosome distribution.

	Anaphase
	Sister chromatids are separated and moved towards opposite poles of the cell by the spindle.
	This is the stage where the duplicated DNA is divided equally between the 2 sides of the cell. The spindle fibres pull the sister chromatids apart, ensuring each future daughter cell receives an identical copy of the genetic information.

	Telophase
	Chromosomes arrive at opposite poles of the cell. New nuclear membranes form around each set of chromosomes. The chromosomes begin to uncoil, and the spindle fibres are broken down.
	Two genetically identical nuclei are formed. As the chromosomes uncoil back into chromatin, the DNA becomes accessible again for normal cellular processes.

	Cytokinesis
	The cytoplasm divides, and the cell separates into 2 identical daughter cells.
	Cytokinesis completes cell division. Each daughter cell contains the same number of chromosomes and genetic information as the original parent cell. These genetically identical somatic cells can then grow, function normally, and contribute to growth, repair and the replacement of worn-out cells.


[bookmark: _Modelling_the_phases]Modelling the phases of mitosis and cytokinesis
Preparing for the activity
To undertake this activity in class, prepare at least 2 weeks in advance. Prepare the materials for this practical investigation to observe the phases of mitosis as follows:
Purchase a garlic bulb and suspend garlic cloves over water in a small test tube with the base where the roots grow just sitting in the water.
Place the garlic cloves suspended in water in a dark cupboard for 10 days. Check the cloves frequently for root growth and ensure the base remains in water.
Allow the roots to grow until they are around 3 cm long. Mitosis occurs just behind the root cap (the root tip).
Cut 2 cm off the end of the roots and immediately place the cut roots in a beaker containing acetic-ethanol fixative (typically made of 1 part glacial acetic acid and 3 parts of ethanol (95–100%. For example, to make 20 mL, combine 5 mL glacial acetic acid and 15 mL ethanol. Leave it for at least 2 hours in the refrigerator. 
Immediately before class, trim the pointy end of the root (approximately 5 mm) and discard the rest. Retain the growing end of the root, not the part closer to the garlic clove.
Place 2 root tips on a slide with 4–5 drops of 1 M hydrochloric acid (enough that it covers the root tips).
Place the slide with root tips in acid on a hot plate set to 60ºC for about 2 minutes. Ensure the hydrochloric acid (HCl) does not boil or dry out. If it is drying out, add more HCl.
Add 2 drops of aceto-orcein stain to the root tips on the slide and leave for one minute. If HCl remains on the slide, transfer the root tips to a new slide or wipe off the excess HCl.
Place a coverslip over the roots and use a folded paper towel or tissue on the coverslip to gently squash the roots. The slides are now prepared for class.
Facilitating the activity
1. Explain to students that they will now link their understanding of mitosis to a model by observing prepared garlic root tip slides and identifying and describing the different phases in a practical investigation.
Note: the example used in this lesson sequence is the prepared garlic root tip slide. In plant cells (including the garlic root tip slide used in this practical), cytokinesis occurs by cell plate formation, where vesicles from the Golgi apparatus fuse to form a new cell wall across the cell equator. This difference is visible on the garlic root tip slides (when cells are undergoing cytokinesis) and is worth pointing out to students as a structural difference between plant and animal cell division, without treating it as a difference in the mechanism of mitosis itself.
In the previous activity, students completed a simulation of mitosis in animal cells. In animal cells, cytokinesis occurs by cleavage furrow formation, where a contractile ring pinches the cell membrane inward.
1. Provide students with the Student resource – modelling mitosis using garlic root tips and have them collect the required equipment in pairs.
Engage with the materials list and procedure in the student resource and discuss safe work practices to ensure students conduct the practical investigation safely.
Note: for students who may need additional support with using a microscope, understanding microscope magnification and drawing scientific cell diagrams, refer to the resources in 1.2 PPT ‘Preparing and observing a wet mount slide’.
Inform students that they will need to observe all phases of mitosis and cytokinesis occurring in different cells in the garlic root tip (prophase, metaphase, anaphase, telophase and cytokinesis).
Model how to identify a phase observed on the prepared garlic root tip slide under 400 × magnification. Demonstrate how to draw a scientific cell diagram or take a photograph and add the photograph to the resource. Use observations and knowledge of mitosis to describe what is happening in the identified phase on the slide. 
Through guided or independent practice, students observe the remainder of the cells to complete Table 1 in the student resource.
Model using a think-aloud how to complete the questions outlining the strengths and limitations of using the prepared garlic root tip slide to represent mitosis and how using both the simulation and the garlic root tip slides as models of mitosis and cytokinesis has developed their understanding of these concepts. 
Note: the questions in this lesson sequence are intentionally the same as the questions in Modelling the phases of meiosis and cytokinesis in 4.6 Meiosis (practical investigation). This allows the teacher to model how to respond to the questions in this lesson sequence and have students apply this learning through guided practice in the next lesson sequence, 4.6 Meiosis (practical investigation).
To check students’ understanding, facilitate a class discussion about the completed student resource using Sample response – student resource – modelling mitosis using garlic root tips to provide feedback on students’ responses.
Differentiation: extend students by having them count the number of cells in each of the following phases, interphase, prophase, metaphase, anaphase and telophase, then calculate the percentage of cells in each phase and record the results in a table. Refer to Table 2 in Sample response – student resource – modelling mitosis using garlic root tips for a sample response. Ask students to identify the phase most frequently observed in the sample and explain why the proportion of cells observed in each phase provides evidence about the relative length of time spent in that phase.
Sample response
What is the phase that can be observed most in this sample?
The most observed phase in this sample is interphase (81.8% of cells).
Explain why the proportion of cells observed in each phase provides evidence about the relative length of time spent in that phase.
The frequency of cells observed in a particular stage indicates the relative length of time cells spend in that phase. If cells spend a longer time in a phase, there is a greater probability that a cell will be observed in that phase when the sample is examined. Therefore, a phase with a higher proportion of cells likely represents a longer phase of the cell cycle. In comparison, a phase containing a lower proportion of cells likely represents a shorter phase.
Note: the frequency of cells observed in each phase indicates the relative length of time cells spend in that phase. A higher frequency suggests that cells spend a greater proportion of the cell cycle in that phase.
Consolidate
1. Consolidate students’ understanding of mitosis and its importance using 4.5 PPT ‘Mitosis scenario’. Students independently construct a written response in their books to the question based on the following scenario.
Scenario: a student fractures their arm. Over the next month, new bone cells are produced to repair the damaged tissue.
Question: explain why DNA replication and mitosis are both essential for producing new bone cells that function correctly.
Facilitate a class discussion to check students’ understanding of the question and use the sample response to provide feedback.
	Sample response
Bone cells are somatic cells involved in growth and repair. During the S phase of interphase, DNA is replicated, producing 2 complete sets of the cells’ genomes. During mitosis, the copied chromosomes are separated equally into 2 nuclei through prophase, metaphase, anaphase and telophase. Cytokinesis then produces 2 identical daughter cells. This ensures each new bone cell receives the same DNA and chromosome number as the original cell, allowing it to function correctly during tissue repair.




[bookmark: _Student_resource_–_10][bookmark: _Ref231284992][bookmark: _Toc243058794]Student resource – the cell cycle
Instructions: annotate Figure 1 and complete the questions and Table 1 as the teacher explains the cell cycle using the slides.
Questions
1. Explain why somatic cells need to divide and why it is important that the new cells produced are identical to the parent cell.
	


Complete Table 1 below to describe each phase of the cell cycle and explain why it is important.
Table 1 – the phases of the cell cycle and why they must occur
	Phase
	What occurs
	Why it must occur

	G1 
_________
	
	

	S _________
	
	

	G2 _________
	
	

	M _________
	
	


What would happen if the G2 checkpoint fails or does not work properly?
	


Annotate Figure 1 to show where interphase and mitosis occur.
Figure 1 – image showing the cell cycle
[image: A diagram of the cell cycle showing the phases G1, S and G2 within interphase, followed by mitosis.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
[bookmark: _Ref231301483][bookmark: _Ref231301688]

[bookmark: _Sample_response_–_9]Sample response – student resource – the cell cycle
Instructions: annotate Figure 1 and complete the questions and Table 1 as the teacher explains the cell cycle using the slides.
Questions
1. Explain why somatic cells need to divide and why it is important that the new cells produced are identical to the parent cell.
	Somatic cells divide to produce new cells for growth, to replace worn-out cells and to repair damaged tissue. For example, when skin cells are damaged, the body must produce new somatic cells to replace them. The new cells must be identical to the parent cell because somatic cells must be diploid (2n), containing a complete set of 46 chromosomes, to carry out their specialised functions. If the daughter cells were not genetically identical to the parent, they would be missing key genetic instructions. They would be unable to perform the same specialised role in growth, repair and maintenance of the body.


Complete Table 1 below to describe each phase of the cell cycle and explain why it is important.
Table 1 – the sample response for the phases of the cell cycle and why they must occur
	Phase
	What occurs
	Why it must occur

	G1 (Gap 1)
	The cell grows, copies its organelles, produces materials needed for cell division and carries out its normal specialised functions.
	The cell must reach sufficient size and have enough cellular machinery to support division. Importantly, this phase is when the cell actively performs its role as a somatic cell; growth and repair occur here. The checkpoint in this phase is a major checkpoint where the cell determines whether to divide (ensuring it has sufficient resources), repair DNA damage, or enter a resting state.

	S (Synthesis)
	DNA replication occurs; each chromosome is copied into 2 identical sister chromatids joined at the centromere.
	Each daughter cell must receive an exact, complete copy of the genetic information; this is the replication you learned about previously, and it occurs during the S phase, before any division.

	G2 (Gap 2)
	The cell synthesises proteins for the structure and function of the mitotic spindle and checks that DNA has been replicated correctly and completely.
	Mitotic spindle proteins must be produced because the mitotic spindle is responsible for moving and separating the chromosomes during mitosis. Without a functioning spindle, chromosomes cannot be distributed accurately to the 2 daughter cells.
This checkpoint is critical; it ensures no replication errors are carried into mitosis. If errors are passed on, daughter cells will not have the same DNA as the parent cell, may not function correctly as somatic cells, and may pass on mutated genetic material.

	M (Mitosis)
	The chromosomes replicated in the S phase are equally distributed between the dividing cells, producing 2 identical diploid daughter cells.
	Mitosis must occur because somatic cells are responsible for growth, repair and maintenance of the body. When cells are damaged or worn out, the body must produce replacement cells. These replacement cells must be genetically identical and diploid, so that they contain the same complete set of genetic instructions as the parent cell and can carry out the same specialised functions.


What would happen if the G2 checkpoint fails or does not work properly?
	If the G2 checkpoint fails or does not work properly, the cell may enter mitosis even though its DNA has not been replicated completely or accurately, or the DNA is damaged. The damaged or incorrect genetic material may then be passed on to the daughter cells during cell division. This can result in cells with genetic abnormalities, which may cause the cells to malfunction or die. If cells with damaged DNA continue to divide uncontrollably, this can contribute to cancer development.


Annotate Figure 1 to show where interphase and mitosis occur.
Figure 1 – the sample response for the annotation of the cell cycle
[image: A diagram of the cell cycle showing the phases G1, S and G2 within interphase, followed by mitosis.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
[bookmark: _Ref231301948]
[bookmark: _Student_resource_–_11][bookmark: _Toc243058795]Student resource – interphase, the named phases of mitosis and cytokinesis
Instructions: use the Cell Division: Mitosis and Meiosis simulation to explain the events that occur during interphase, the named phases of mitosis and cytokinesis.
Figure 1 – an unlabelled diagram of the phases of mitosis
[image: An unlabelled diagram showing interphase, the named phases of mitosis and cytokinesis.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


[bookmark: _Sample_response_–_10][bookmark: _Ref231473933]Sample response – student resource – interphase, the named phases of mitosis and cytokinesis
Figure 1 – sample response for the phases of mitosis
[image: The sample response describing the phases of the cell cycle, including interphase, prophase, metaphase, anaphase, telophase and cytokinesis, and the key events that occur during each stage.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


[bookmark: _Toc243058796]Student resource – modelling mitosis using garlic root tips
Instructions: follow the materials list and procedure to conduct a practical investigation using prepared slides as a model for observing mitosis. Complete Table 1 to describe the slides using the observed slide and your knowledge of mitosis, then respond to the questions provided.
Materials
1 × light microscope
Prepared mitosis slide (garlic root tips)
Procedure
1. Collect the prepared mitosis slide and place it on the microscope stage. Secure it with the stage clips.
1. Begin with the lowest objective lens (4×). Use the coarse focus knob to bring the slide into focus.
1. Move to the 10× objective lens. Use the fine focus knob to sharpen the image. Scan the slide to locate cells showing different phases of mitosis.
1. Move to the 40× objective lens. Use the fine focus knob only. Do not use the coarse focus knob at this magnification.
1. Identify cells that appear to be in different phases of mitosis and cytokinesis (prophase, metaphase, anaphase, telophase and cytokinesis).
1. Draw a scientific cell diagram or photograph each identified cell showing a phase of mitosis and cytokinesis. If sketching, use a pencil and draw only what you can see; do not copy from a diagram.
1. Record the stage of mitosis or cytokinesis, describe your observations and relate them to your knowledge of mitosis. Record your observations in Table 1.
1. Return to 4× before moving to the next slide. Repeat steps 1–7 until you have recorded observations for each phase of mitosis.


Use your knowledge of mitosis and observations of the slide to complete the table below.
Table 1 – observations and description of the prepared mitosis slide (garlic root tip)
	Identified phase
	Photograph or diagram (400× magnification)
	Description of slide (using observations and your knowledge of mitosis)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Questions
1. In Science, a model is a representation used to help explain a phenomenon. How do the prepared slides serve as a model of mitosis?
	


1. What are the limitations of using prepared slides as a model of mitosis? What can the slides not show you?
	


1. How did using the prepared slides alongside the simulation help you build a more complete understanding of mitosis than either resource alone?
	




[bookmark: _Sample_response_–_11][bookmark: _Ref231474038]Sample response – student resource – modelling mitosis using garlic root tips
The image below shows what students may observe under the microscope in a garlic root tip: cells in different phases of mitosis, and some not undergoing mitosis.
Figure 1 – sample images of what students may observe under the microscope when looking at the garlic root tip
[image: Sample images showing garlic root tip cells under 400× magnification, illustrating interphase, prophase, metaphase, anaphase, telophase and cytokinesis.]
Note: the unlabelled cells in the right-hand image above are all in interphase.
Use your knowledge of mitosis and observations of the slide to complete the table below.
Table 1 – a sample student response unpacking the observations of the phases of mitosis in the garlic root tips under the microscope
	Identified phase
	Photograph or diagram (400× magnification)
	Description of slide (using observations and your knowledge of mitosis)

	Prophase
	Figure 2 – a garlic root tip cell in prophase during mitosis
[image: Darkly stained chromosomes are visible within the nucleus. The chromosomes have condensed from chromatin, making them visible under the microscope. Each chromosome consists of 2 sister chromatids joined at a centromere. The nuclear envelope is beginning to break down, allowing spindle fibres to access the chromosomes.]
	Darkly stained chromosomes are visible within the nucleus. The chromosomes have condensed from chromatin, making them visible under the microscope. Each chromosome consists of 2 sister chromatids joined at a centromere. The nuclear envelope is beginning to break down, allowing spindle fibres to access the chromosomes.

	Metaphase
	Figure 3 – a garlic root tip cell in metaphase during mitosis
[image: Chromosomes are aligned along the equator of the cell and attached to spindle fibres at their centromeres, ensuring each daughter cell receives an identical set of chromosomes.]
	The chromosomes are aligned along the centre of the cell at the equator. They appear highly condensed and are attached to spindle fibres by their centromeres. This alignment ensures that each daughter cell receives an identical set of chromosomes.

	Anaphase
	Figure 4 – a garlic root tip cell in anaphase during mitosis
[image: Sister chromatids have separated and are moving towards opposite poles of the cell, forming 2 distinct groups pulled apart by spindle fibres. This ensures the genetic information is distributed equally between the future daughter cells.]
	Sister chromatids have separated and are moving towards opposite poles of the cell. The chromatids appear as 2 distinct groups being pulled apart by spindle fibres. This ensures an equal distribution of genetic information between the future daughter cells.

	Telophase
	Figure 5 – a garlic root tip cell in telophase during mitosis
[image: Two groups of chromosomes are visible at opposite ends of the cell. The chromosomes are beginning to decondense and new nuclear envelopes are forming around each set, producing 2 nuclei as mitosis nears completion.]
	Two groups of chromosomes are visible at opposite ends of the cell. The chromosomes decondense, and new nuclear envelopes form around each set. Mitosis nears completion, and 2 nuclei are produced.

	Cytokinesis
	Figure 6 – a garlic root tip cell undergoing cytokinesis to form 2 identical daughter cells
[image: A cell plate is forming between the 2 daughter nuclei, which is unique to plant cells, as cytokinesis occurs differently in animal cells. The cell plate will develop into a new cell wall, dividing the cytoplasm into 2 genetically identical daughter cells, each with the same chromosome number as the parent cell.]
	A cell plate forms between the 2 daughter nuclei (unique to plant cells; animal cells use a different mechanism). This cell plate develops into a new cell wall, dividing the cytoplasm into 2 genetically identical daughter cells. Each daughter cell contains the same number of chromosomes as the parent cell.


Questions
1. In Science, a model is a representation used to help explain a phenomenon. How do the prepared slides serve as a model of mitosis?
	The prepared slides serve as a model because they provide a visual representation of cells undergoing mitosis. They allow observation of chromosome behaviour during different stages of cell division, including condensation, alignment, separation and the formation of daughter cells. By examining multiple cells at different stages, the slides provide evidence of the processes that occur during mitosis and cytokinesis.


1. What are the limitations of using prepared slides as a model of mitosis? What can the slides not show you?
	Prepared slides provide only a static image of mitosis. They cannot show the movement of chromosomes or spindle fibres, nor the timing of events as they occur in living cells. The slides also show only a small sample of cells and may not display every stage clearly. In addition, some cellular structures involved in mitosis are not visible under a standard light microscope.


1. How did using the prepared slides alongside the simulation help you build a more complete understanding of mitosis than either resource alone?
	The prepared slides provided real biological evidence of mitosis occurring in plant cells, while the simulation showed the dynamic processes that cannot be observed in a fixed specimen. The slides let me identify actual chromosome arrangements, while the simulation helped me understand how chromosomes move and how one stage transitions into the next. Together, the 2 resources improved my understanding of both the structures visible during mitosis and the processes occurring within the cell.


[bookmark: _Ref231479863]Sample response for differentiation component
[bookmark: _Ref239936941]Table 2 – the table for differentiation for the garlic root tip activity
	Phase
	Number of cells
	Percentage of cells (%)

	Interphase
	18
	81.8

	Prophase
	1
	4.5

	Metaphase
	1
	4.5

	Anaphase
	1
	4.5

	Telophase
	1
	4.5

	Total
	22
	100


What is the phase that can be observed most in this sample?
The most observed phase in this sample is interphase (81.8% of cells).
Explain why the proportion of cells observed in each phase provides evidence about the relative length of time spent in that phase.
The frequency of cells observed in a particular stage indicates the relative length of time cells spend in that phase. If cells spend a longer time in a phase, there is a greater probability that a cell will be observed in that phase when the sample is examined. Therefore, a phase with a higher proportion of cells likely represents a longer phase of the cell cycle. In comparison, a phase containing a lower proportion of cells likely represents a shorter phase. 

[bookmark: _Toc243058797]Teaching advice
When teaching mitosis and cytokinesis through modelling, the primary instructional focus is to ensure students understand that they are representing a process, not merely a sequence of stages. Teachers should consistently emphasise cause-and-effect relationships between structure and function, prompting students to explain why each stage occurs rather than simply naming it. It is also essential to separate interphase (including DNA replication) from mitosis, as this persistent misconception undermines students' understanding of chromosome behaviour.
Some teachers may question whether prepared slides constitute a legitimate model for the working scientifically outcome. They do, because a scientific model is any representation used to understand a phenomenon; it need not be a simplification or diagram. Prepared slides are physical specimens fixed at specific stages of a dynamic process, allowing students to study what they cannot directly observe in real time. When students observe slides, classify phases, and describe what they see using their knowledge of mitosis, they are using a model to explain a phenomenon. Make this clear to students.
Use the garlic root tip modelling activity to reinforce that mitosis is a real, observable process in actively dividing tissues, helping students connect abstract models to biological evidence. Clearly explain to students that, in animal cells, cytokinesis occurs via a cleavage furrow, in which a contractile ring pinches the cell membrane inward. In plant cells (including the garlic root tip slides used in this practical), cytokinesis occurs via cell plate formation, in which vesicles from the Golgi apparatus fuse to form a new cell wall across the cell equator. This difference is visible on the garlic root tip slides. Point this out to students as a structural difference between plant and animal cell division, without treating it as a difference in the mechanism of mitosis itself.
Background information
Mitosis is a tightly regulated process of nuclear division that ensures genetic continuity in somatic cells. Somatic cells are diploid (2n), meaning they contain 2 complete sets of chromosomes, 46 in humans, arranged as homologous pairs. Before mitosis begins, DNA is replicated during the S phase of interphase, producing identical sister chromatids joined at a centromere. This replication is essential because it ensures each daughter cell receives a complete, identical set of genetic instructions needed for normal cellular function, growth, and tissue repair.
The cell cycle is divided into interphase (G1, S, G2) and the mitotic phase (M), with interphase occupying most of the cycle. During G1, cells grow and carry out specialised functions; during S phase, DNA replicates; and during G2, the cell grows further and checks replication accuracy. The M phase is comparatively brief but critical, as it ensures the equal distribution of genetic material. This regulated structure highlights that cell division is not continuous but carefully controlled through checkpoints that ensure readiness before progression.
Mitosis comprises 4 key stages: prophase, metaphase, anaphase, and telophase, followed by cytokinesis. Each stage addresses a specific biological problem: condensing DNA for movement, aligning it for accuracy, separating it for equal distribution, and re-forming the nucleus for functional recovery. Spindle fibres, composed of microtubules, attach to chromosomes at the centromere and ensure precise movement to opposite poles. Errors in this system can lead to unequal chromosome distribution, resulting in non-viable cells or genetic abnormalities.
Cytokinesis completes the process by physically dividing the cytoplasm to form 2 genetically identical daughter cells. In animal cells, this occurs via a cleavage furrow, whereas in plant cells, a cell plate forms. The outcome is 2 diploid somatic cells capable of normal function. The entire process is therefore essential for growth, tissue repair, and cell replacement, and its accuracy depends on successful DNA replication and spindle-mediated chromosome separation.
Checks for understanding
[bookmark: _Check_for_understanding_9][bookmark: _Ref231301369]Check for understanding 1 (4.5 PPT)
Figure 18 – check for understanding 1 for students to match the phase of the cell cycle to its role
[image: The checkpoint assessing students’ understanding of the phases of the cell cycle, including G₁, S, G₂, M phase and interphase.]
Check for understanding 1 sample response
Figure 19 – the sample response for the checkpoint showing the phase of the cell cycle matched to its role
[image: The sample response to the checkpoint assessing students’ understanding of the phases of the cell cycle, including G₁, S, G₂, M phase and interphase.]
[bookmark: _Check_for_understanding_10][bookmark: _Ref231302139]Check for understanding 2 (4.5 PPT)
A skin cell is entering the M phase of the cell cycle. Which statement correctly describes the sequence of events that occurs?
A. DNA is replicated during interphase; chromosomes condense in prophase, line up in metaphase, and separate in anaphase; new nuclei form in telophase; and cytokinesis produces 2 genetically identical daughter cells.
B. DNA is replicated during prophase; chromosomes separate in metaphase; they line up in anaphase; and cytokinesis produces 2 daughter cells with half the chromosome number.
C. DNA is replicated during cytokinesis, chromosomes condense in metaphase, separate in telophase, and the daughter cells receive different genetic information.
D. DNA is replicated during interphase, chromosomes separate in prophase, line up in anaphase, and cytokinesis produces 2 genetically different daughter cells.
Check for understanding 2 sample response
Table 19 – check for understanding sample answer and explanation
	Response
	Correct/
Incorrect
	Explanation

	A
	Correct
	N/A

	B
	Incorrect
	DNA replication occurs during the S phase of interphase, not prophase. In addition, chromosomes line up during metaphase and separate during anaphase, not the other way around. Finally, mitosis produces daughter cells with the same chromosome number as the parent cell, not half that number. Students may select this response because they remember that DNA must be copied before cell division but are unsure exactly when replication occurs. They may also confuse the order of metaphase and anaphase, or incorrectly associate "half the chromosome number" with all forms of cell division rather than specifically with meiosis.

	C
	Incorrect
	DNA replication occurs before mitosis, during interphase, not during cytokinesis. Chromosomes condense during prophase, not metaphase, and separate during anaphase, not telophase. Mitosis also produces daughter cells that contain the same genetic information as the original parent cell. Students may select this response because they recognise that chromosome condensation, separation and cytokinesis are involved in cell division but are uncertain about when these events occur. They may focus on remembering key terms without fully understanding the sequence of events in mitosis.

	D
	Incorrect
	Chromosomes condense during prophase but do not separate until anaphase. Chromosomes line up during metaphase, not anaphase. In addition, mitosis produces genetically identical daughter cells, not genetically different ones. Students may select this response because they correctly remember that DNA replication occurs during interphase but are unsure about the specific events in each phase of mitosis. They may also incorrectly assume that any new cell produced through division will be genetically different from the original cell.


[bookmark: _4.6_Meiosis_(practical][bookmark: _Ref239937244][bookmark: _Toc243058798]4.6 Meiosis (practical investigation)
Students will learn about meiosis and cytokinesis, the processes within meiosis that result in genetic variation, then conduct a practical investigation to observe prepared slides (a model) and describe the stages of meiosis.
Table 20 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the biochemical processes of cell division as essential for life
	define ‘meiosis’, outline its role in producing haploid gametes and its purpose in sexual reproduction and sustaining life 
describe the events that occur during interphase, meiosis I, meiosis II and cytokinesis
identify the phases in which crossing over, independent assortment and random segregation occur in meiosis and describe the processes

	to conduct practical investigations following safe work practices
	apply safe work practices and manage risks when conducting the practical investigation

	to use models to explain phenomena and solve problems.
	annotate and interpret models of meiosis using appropriate scientific terminology to describe the process of meiosis and cytokinesis
describe observations from prepared slides (the model) and relate them to events occurring during meiosis
outline strengths and limitations of simulations and prepared slides as models of meiosis in representing the real process of meiosis.


[bookmark: _Toc243058799]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about the cell division process, mitosis, using 4.6 PPT ‘Activating prior knowledge’ (2 slides). Display the question on the board and cold-call students to respond.
Question
Mitosis produces 2 diploid daughter cells that are genetically identical to the parent cell. What is the purpose of this?
Sample response
Mitosis produces 2 diploid daughter cells that are genetically identical to the parent cell. What is the purpose of this? Mitosis is important for the growth, repair and functioning of somatic cells and for ensuring genetic stability.
If students are unable to recall concepts, refer to the content and resources in 4.5 Mitosis (practical investigation).
Connect students’ prior knowledge to their new learning by informing them that they will learn about a different type of cell division today, meiosis. Meiosis produces a different cell type and has a different outcome from mitosis.
Core learning
Processes in meiosis and cytokinesis
1. Define ‘meiosis’ and outline its importance using 4.6 PPT ‘Meiosis’.
Meiosis is a cell division process that starts with a diploid parent cell, halves the chromosome number, and results in 4 haploid daughter cells, called gametes.
Meiosis produces genetically different haploid gametes for sexual reproduction.
The purpose of meiosis is not simply to reduce chromosome number; it is to generate genetic variation while ensuring chromosome number remains constant across generations. If somatic cells fused directly for reproduction, the chromosome number would double every generation, which would be fatal.
Note: the concept of genetic variation is introduced in this lesson sequence; however, the depth of understanding and the implications of how genetic variation is created in offspring via meiosis are covered in Year 12, Heredity, under the content point ‘Analyse the processes and the implications of meiosis, crossing over, independent assortment, random segregation and fertilisation in creating genetic variation in offspring’.
1. Inform students that they will learn about the processes of meiosis and cytokinesis, including the processes within meiosis (crossing over, independent assortment and random segregation), using a model and a simulation, Meiosis in Animal cells – LabXchange.
Note: other modelling activities can be done using pipe cleaner or plasticine.
Provide students with the Student resource – describing processes of interphase, meiosis and cytokinesis and display the simulation, Meiosis in Animal cells – LabXchange.
Note: after you display the simulation on the board and students have the resource, press ‘Launch interactive’. When you launch the interactive, a percentage should appear in the top left-hand corner showing how far into the simulation you are. Table 21 uses this percentage and an outline of what is shown on the screen to indicate what needs to be annotated on the student resource and the information that should be provided to students to teach them about meiosis.
Model, through a think-aloud how to annotate the diagram in the student resource to describe the processes of meiosis and cytokinesis, including the processes within meiosis (crossing over, independent assortment and random segregation), one component at a time using the simulation. There are notes in Table 21 to support the teacher with doing this.
As each part of the simulation is unpacked using Table 21, model how to respond to the questions in the student resource to describe interphase, the named phases of meiosis, cytokinesis and the processes of crossing over, independent assortment and random segregation. Refer to Sample response – student resource – describing processes of interphase, meiosis and cytokinesis for a sample response.
Meiosis is a complex process; if required, have students watch the Meiosis – Made Super Easy – Animation (5:32) video (this slide has been linked in 4.6 PPT ‘Meiosis video (optional)’. Pause the video regularly to reinforce concepts and allow students to annotate further the figures in the Student resource – describing processes of interphase, meiosis and cytokinesis.
Note: the video refers to both gametic and germline cells. Explain the distinction between these terms using the following information.
Germline cells (or germ cells) are the broad category of all precursor cells dedicated to reproduction. This includes everything from early embryonic stem cells (primordial germ cells) to the dividing cells in adult testes and ovaries.
Gametes are the final, fully matured reproductive cells produced at the very end of the germline pathway. In humans, gametes are strictly the sperm and ova (eggs).
The video also does not mention random segregation, so emphasise when this process occurs.
Explain that during meiosis, both parents contribute genetic material to their offspring. Each parent passes half of their chromosomes to the offspring, ensuring the chromosome number is maintained rather than doubled during sexual reproduction. Meiosis is also important because it introduces genetic variation.
Differentiation: extend students by having them conduct a secondary-source investigation about errors that can occur in phases of meiosis and explain the possible applications of these errors in biotechnology.
Sample response
Failure to produce a reduced gamete: this occurs when sister chromatids fail to separate correctly and they move to the same pole, producing an unreduced gamete. One example is triploid plants. This can occur when an unreduced (2n) gamete fuses with a normal (n) gamete, producing a 3n offspring. Triploidy can be deliberately produced in crops to produce desirable characteristics, including being seedless, such as in seedless watermelons.
Chromosome doubling: chromosome number is artificially doubled, producing a polyploid organism with additional complete chromosome sets. Polyploidy is when an organism has more than 2 complete sets of chromosomes, such as three sets (3n) or eight sets (8n). Polyploidy can arise when errors during meiosis produce unreduced gametes or when chromosome number increases otherwise. Polyploidy is common in plants and has contributed to the evolution and breeding of many crop species. Cultivated strawberries are octoploid (8n), and their high chromosome number has been important in their evolutionary history and has been exploited in plant breeding to select desirable characteristics.
Induced triploidy in salmon: this is when chromosome number is deliberately manipulated during early development so that the salmon retains an extra set of chromosomes, producing a triploid (3n) animal rather than a normal diploid (2n) animal. The 3 sets of chromosomes interfere with normal meiosis, so triploid salmon are generally sterile. This can be useful in aquaculture because sterile salmon cannot reproduce successfully if they escape into the environment, reducing the chance that they breed with wild salmon populations.
Check students' understanding of meiosis and processes within meiosis (crossing over, independent assortment and random segregation) using Check for understanding 1 (4.6 PPT). Display the slide 4.6 PPT ‘Check for understanding 1’ (1 of 2) on the board and have students respond to each statement with true or false using mini whiteboards to indicate their response. Sample responses are provided in Check for understanding 1 (4.6 PPT) and on 4.6 PPT ‘Check for understanding 1’ (2 of 2).
[bookmark: _Ref231367609]

[bookmark: _Ref231466503]Table 21 – the unpacking of meiosis and processes within meiosis in the simulation
	Simulation (%)
	Annotation to add on the student resource
	Information to provide students

	0–7
	Respond to questions 1 and 2.
	The gametic cell image establishes the starting point and outcome of meiosis visually before showing any mechanism.
Meiosis begins with one diploid parent cell (2n) and produces 4 daughter cells. Each daughter cell is haploid (n); it contains half the chromosome number of the parent cell. In humans, this means 23 chromosomes rather than 46.
The 4 daughter cells are genetically distinct from each other and from the parent cell. This is because of crossing over, independent assortment, and random segregation.
For question 2, ensure students record both terms, ‘gametes’ and ‘germ cells’; students should be able to recognise either. In humans, gametes are sperm cells in males and egg cells (ova) in females. Gametes are the only haploid cells in the body. All other body cells, called ‘somatic cells’, are diploid and produced by mitosis.

	8–18
	Respond to questions 3 and 4.
	Explain why chromosome halving matters. During fertilisation, 2 gametes fuse to form a zygote. The zygote needs to have the correct diploid chromosome number (2n) for the species. Because each gamete is haploid (n), when 2ngametes fuse: n + n = 2n. The correct chromosome number is restored. 
If gametes were produced by mitosis, they would be diploid (2n). Fertilisation would then produce: 2n + 2n = 4n (tetraploid). The chromosome number would double every generation. Over successive generations, cells would accumulate an unworkable number of chromosomes. Sexual reproduction would not be sustainable, and doubling the number of chromosomes is fatal.
Meiosis therefore maintains chromosomal stability across generations by halving the chromosome number before fertilisation restores it.

	19–25
	Respond to question 5.
	This crucial conceptual distinction underpins everything that follows in the simulation; without a secure understanding of homologous chromosomes, students will struggle with crossing over and independent assortment.
Body cells contain chromosomes in homologous pairs; one chromosome in each pair came from the biological mother (maternal), and the other from the biological father (paternal).
During meiosis I, homologous pairs are separated so each resulting cell gets one chromosome from each pair.
Because of independent assortment, the chromosome from each pair that ends up in a given gamete is random, so the gamete receives a mix of maternal and paternal chromosomes.
Crossing over in prophase I also means that some chromosomes in the gamete may contain segments from both a maternal and a paternal chromosome; they are recombinant.
A common misconception: students confuse homologous chromosomes with sister chromatids. Clarify explicitly that homologs are from different parents, may carry different alleles, and separate in meiosis I. Sister chromatids are identical copies of the same chromosome, produced during DNA replication, and separate in meiosis II (and in mitosis).

	26–32
	Label the cell as ‘diploid (2n)’ with an intact nuclear membrane.
Annotate that DNA replication has occurred during S phase, producing sister chromatids.
Note that the DNA is uncondensed chromatin; chromosomes are not yet visible as distinct structures.
	Emphasise that interphase is part of the cell cycle, not meiosis. Meiosis begins after interphase is complete.
Note that in this part of the simulation, the DNA in the cell is represented as chromosomes; however, in this phase the DNA is chromatin. Make this explicit to students to prevent misconceptions.
DNA replication occurs only once, during the S phase of interphase before meiosis I. There is no second round of DNA replication between meiosis I and meiosis II. This is a common student misconception worth addressing directly.
Replication produces sister chromatids, 2 identical DNA molecules joined at the centromere, giving each chromosome 2 copies before meiosis begins.
The cell also grows during the G1 and G2 phases of the cell cycle, producing the organelles, proteins and spindle components required for division. During G2, a DNA damage checkpoint operates; if it detects replication errors, it halts cell division to allow repair. This checkpoint helps explain why errors in meiosis are relatively rare but not impossible. In cells destined for meiosis, interphase may be prolonged; in human females, primary oocytes enter meiosis I before birth but are arrested in prophase I until ovulation, which may be decades later.

	33–61
	Label the phase as ‘Prophase I’.
Annotate the chromosome condensation and that the nuclear membrane starts to break down.
Label ‘homologous chromosome pairing’; mark the homologous chromosomes.
Annotate one chromosome in each pair as maternal (pink) and one as paternal (blue).
	Prophase I is the longest and most complex stage of meiosis. Each chromosome pairs up with and binds to its corresponding homologous chromosome. The key event in Prophase I is this pairing and binding of homologous chromosomes along their entire length. The paired structure (2 chromosomes = 4 chromatids) is called a bivalent (paired homologous chromosomes/homologous pairs). Each pair contains one maternal and one paternal chromosome.
During Prophase I, the nuclear membrane also breaks down.
Crossing over occurs between non-sister chromatids of homologous chromosomes. The arms of the homologous pair wrap around each other at points called chiasmata, exchanging genetic material between the maternal and paternal chromosomes. This produces recombinant chromosomes, which contain new combinations of maternal and paternal alleles that did not exist in either parent chromosome.
The crossing over of homologous chromosomes is a major source of genetic variation. Emphasise that crossing over occurs between non-sister chromatids, not sister chromatids (which are identical, so an exchange would not produce new variation).

	62–65
	Label the phase as ‘Metaphase I’.
Annotate the homologous pairs aligned at the equator (middle of the cell).
Label the spindle fibres attaching to the centromere of each chromosome.
Indicate that the orientation of each pair is random; annotate this as independent assortment.
	The critical teaching point in metaphase I is that homologous pairs align at the equator (the middle of the cell), not individual chromosomes as in mitosis or meiosis II. Each homolog aligns so that the 2 homologous chromosomes face opposite poles.
The orientation of each pair at the plate is random and independent of every other pair; this is independent assortment. Maternal and paternal chromosomes can orient themselves differently before separation. Because each pair can face either way, the number of possible chromosome combinations in gametes is 2n, where n = the haploid number. For humans: 223 = 8,388,608 possible combinations from independent assortment alone, before crossing over is considered.

	66
	Label the phase as ‘Anaphase I’.
Annotate homologous chromosome separation and movement to opposite poles, noting that sister chromatids remain joined.
Annotate this as random segregation.
Note that the chromosome number at each pole is now haploid (n).
	Anaphase I is the reductive step; the chromosome number is halved as homologous chromosomes separate, with one chromosome from each pair moving into a daughter cell. For this reason, it is sometimes called the reduction division.
Note that the simulation does not mention random segregation; however, it should be raised here. Random segregation is the random distribution of maternal and paternal chromosomes to the 2 daughter cells, determined by the random orientations established at metaphase I. This is another source of genetic variation because maternal and paternal chromosomes separate randomly (depending on which chromosome ends up in each daughter cell). Random segregation of chromosomes into daughter cells results in different combinations of genes in gametes.
Students often confuse random segregation with independent assortment; clarify that independent assortment is the random orientation at metaphase I, and random segregation is the physical separation that results at anaphase I.
Each chromosome moving to a pole still consists of 2 sister chromatids joined at the centromere; the centromere does not split here.

	67–73
	Label the phase as ‘Telophase I and cytokinesis’.
Note that each chromosome still consists of 2 sister chromatids.
Annotate cytokinesis, resulting in 2 haploid cells.
Annotate that the cells are genetically different from each other and from the parent cell.
	Although the cells are now haploid (n), each chromosome still consists of 2 sister chromatids. The cells are genetically different due to crossing over and independent assortment.
Cytokinesis produces 2 haploid daughter cells. Each daughter cell has one chromosome from each homologous pair, but that chromosome still consists of 2 sister chromatids. Therefore, each cell has the haploid number of chromosomes but double the haploid amount of DNA. The 2 cells produced at this stage are already genetically distinct due to crossing over in prophase I and independent assortment and random segregation. However, they are not yet the final gametes; each still has 2 chromatids per chromosome and must undergo meiosis II.
Critically, no DNA replication occurs between meiosis I and meiosis II. State this explicitly to prevent confusion with the mitotic cell cycle.

	74–83
	Label the phase as ‘Prophase II’.
Annotate chromosome condensation in each cell and spindle fibre formation.
Confirm that each cell is haploid at this stage.
	The 2 daughter cells produced by meiosis I will each undergo meiosis II. Inform students that they will see similarities between some processes of mitosis and meiosis II; however, be explicit that the products differ because each division serves a different purpose.
Prophase II is similar to mitotic prophase but begins in a haploid cell, unlike mitosis, which begins and ends in a diploid cell. Homologous chromosomes do not pair; they were separated in meiosis I. Spindle fibres reform independently in each cell.
Draw an explicit comparison with mitosis here: meiosis II is structurally similar to mitosis in that it separates sister chromatids. The key difference is that the cells entering meiosis II are haploid (n), whereas cells entering mitosis are diploid (2n).
No crossing over occurs during meiosis II. The recombinant chromosomes produced in prophase I are now sorted and separated as they are.

	84–85
	Label the phase as ‘Metaphase II’.
Label spindle attachment to centromeres of chromosomes.
Annotate individual chromosomes (not pairs) aligned at the equator (middle of the cell).
Note that this is occurring in both haploid cells simultaneously.
	Each chromosome now behaves independently rather than as part of a homologous pair. Accurate spindle attachment ensures each gamete receives one copy of every chromosome. Both cells undergo metaphase II simultaneously. Each cell has a haploid number (n) of chromosomes, each consisting of 2 sister chromatids, aligned at its own equator (middle of the cell).
The key distinction from metaphase I is that individual chromosomes align at the plate, not homologous pairs. Spindle fibres from opposite poles attach to the sister chromatid of each chromosome, one chromatid to each pole. This is equivalent to metaphase in mitosis.

	86–87
	Label the phase as ‘Anaphase II’.
Annotate that each chromatid is now counted as a chromosome.
Annotate the separation of sister chromatids at the centromere.
Label the movement of chromatids to opposite poles.
	The centromere splits and sister chromatids separate; this step did not occur in anaphase I. Once sister chromatids separate, each chromatid is considered an individual chromosome. This stage ensures each gamete receives a complete haploid set of chromosomes.
This is equivalent to anaphase in mitosis. Once sister chromatids separate, each is designated a chromosome. At the end of anaphase II, each pole contains n chromosomes (the haploid number), now as single chromatids.

	88–100
	Label the phase as ‘Telophase II and cytokinesis’.
Annotate the nuclear membrane reformation in each new cell.
Annotate cytokinesis, producing 4 genetically unique haploid (n) cells.
Note that these cells will mature into gametes.
	The outcome of meiosis is 4 genetically distinct haploid cells. In sexually reproducing species, these cells mature into gametes (sperm, egg cells) or, in plants, spores.
Consolidate the 3 sources of genetic variation: (1) crossing over in prophase I, (2) independent assortment at metaphase I and (3) random segregation at anaphase I. All 3 operate together to ensure each resulting gamete is genetically unique.
Connect this back to the purpose of meiosis: haploid gametes restore the diploid number upon fertilisation, maintaining chromosomal stability across generations.
After fertilisation, the diploid zygote undergoes repeated mitosis, linking meiosis to the next phase of the organism's life cycle explicitly for students.



[bookmark: _Ref239937235]Modelling the phases of meiosis and cytokinesis – practical investigation
For this activity, you will need to order microscopes and prepared slides of meiosis (showing all phases) so students can conduct a practical investigation in pairs. The prepared slides will serve as models of meiosis. You may use prepared grasshopper testis or lily anther meiosis slides.
Note: this lesson sequence uses the lily anther meiosis slides as the example. In plant cells (including the lily anther slides used in this practical), cytokinesis occurs by cell plate formation, where vesicles from the Golgi apparatus fuse to form a new cell wall across the cell equator. This feature is visible on the lily slides. Point this out to students as a structural difference between plant and animal cell division, without treating it as a difference in the mechanism of meiosis itself. In the previous activity, students completed a simulation of meiosis in animal cells. In animal cells, cytokinesis occurs by cleavage furrow formation, where a contractile ring pinches the cell membrane inward. You may adjust the instructions in the student resource to use the grasshopper testis prepared slides. If you are doing this, sample images of what the phases look like under the microscope are provided in Figure 10 in the Sample response – student resource – modelling meiosis.
1. Inform students that they will now link their understanding of meiosis to a model by observing the different phases of meiosis in prepared slides under a microscope as part of a practical investigation.
1. Provide students with the Student resource – modelling meiosis and have them collect the required equipment for each pair.
Engage with the materials list and procedure in the student resource and discuss safe work practices to ensure students conduct the practical investigation safely.
Note: for students who may need additional support with microscope use, understanding magnification, or drawing scientific cell diagrams, refer to the resources in 1.2 Preparing and observing a wet mount slide.
Inform students that they will need to observe all phases of meiosis I and II, including the final products, for a total of 10 observations (prophase I, metaphase I, anaphase I, telophase I, cytokinesis, prophase II, metaphase II, anaphase II, telophase II and cytokinesis).
Use guided practice to support students to identify the phase observed on a slide under 400× magnification, classify it as meiosis I or II, draw a scientific cell diagram or take a photograph and add it to the resource. Then ask students to use their observations and knowledge of meiosis to describe what is happening during the identified phase on the slide. 
Through independent practice, have students observe the remainder of the cells to complete Table 1 in the student resource. Provide students feedback using the sample response in Sample response – student resource – modelling meiosis.
Through guided practice, support students in completing the questions about the strengths and limitations of using prepared slides to represent meiosis and how using both the simulation and the prepared slides as models has developed their understanding of meiosis and cytokinesis. Provide students feedback using the sample response in Sample response – student resource – modelling meiosis.
[bookmark: _Consolidate]Consolidate
1. Consolidate students’ understanding of meiosis and the processes within meiosis by displaying 4.6 PPT ‘Applying understanding of meiosis’ and having students think-pair-share to respond to the questions.
Scenario: a person’s body is repairing damaged tissue, while their reproductive cells undergo meiosis to produce gametes.
1. In the share component, guide a class discussion to check students' understanding of meiosis and the processes in meiosis using the sample response.
[bookmark: _Ref239943374]Table 22 – questions and sample responses to consolidate students’ understanding of mitosis and meiosis
	Question
	Sample response

	Identify the type of cell division occurring in each situation and state the outcome of each.
	Tissue repair involves mitosis, producing 2 genetically identical diploid daughter cells. Gamete production involves meiosis, producing 4 genetically distinct haploid daughter cells.

	Explain why the 2 processes must produce different types of cells, linking your answer to the purpose of each process.
	Mitosis must produce diploid cells that are genetically identical to the parent cell because its purpose is to replace and repair somatic cells; the new cells must carry the same genetic instructions to perform the same functions in the body. Meiosis must produce haploid cells because its purpose is sexual reproduction; the gametes will fuse with another gamete at fertilisation, so they must carry half the chromosome number to ensure the correct diploid number is restored in the zygote. If meiosis produced diploid gametes, the chromosome number would double every generation, which is unsustainable and fatal. The different purposes of each process therefore directly determine the different types of cells each must produce.

	Both processes are preceded by DNA replication. Explain why this is necessary for each and identify one key difference in what happens to the genetic material after replication in each process.
	DNA replication is necessary before both processes because each daughter cell must receive a complete copy of the genome. Without replication, there would be insufficient DNA to distribute to the daughter cells. In mitosis, replication produces 2 identical copies of each chromosome, which are then distributed equally to 2 diploid daughter cells. Each daughter cell’s genetic material is almost identical to the parent cell's. In meiosis, replication also produces 2 identical copies of each chromosome. However, crossing over during prophase I alters allele combinations on those chromosomes before they separate. The genetic material distributed to each of the 4 daughter cells is therefore not identical to the parent cell or to the other daughter cells. This differs fundamentally from the outcome of mitosis.




[bookmark: _Student_resource_–_13][bookmark: _Ref231367386][bookmark: _Toc243058800]Student resource – describing processes of interphase, meiosis and cytokinesis
Instructions: as the teacher unpacks the Meiosis in Animal cells – LabXchange simulation, annotate Figure 1, complete Table 1 and respond to the questions about the processes that occur in meiosis.
Figure 1 – the phases of meiosis
[image: A diagram showing interphase and the stages of meiosis, including prophase I, metaphase I, anaphase I, telophase I and cytokinesis, followed by prophase II, metaphase II, anaphase II, telophase II and cytokinesis.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. Describe the outcome of meiosis. In your answer, refer to the number of cells produced, their chromosome number and their genetic identity relative to one another.
	


What are the cells produced by meiosis called? Identify 2 terms used to describe them.
	


Explain why it is important that meiosis halves the chromosome number. What would happen if gametes were produced by mitosis?
	


Each gamete contains one copy of each chromosome. Where does each chromosome come from?
	


Define the term ‘homologous chromosomes’. How are they similar and how might they differ?
	


Complete Table 1 by describing what occurs during interphase, each phase of meiosis and cytokinesis. Use the simulation to support your answers.
Table 1 – unpacking the processes of interphase, meiosis and cytokinesis
	Phase
	Description of phase

	Interphase
	

	Prophase I
	

	Metaphase I
	

	Anaphase I
	

	Telophase I and cytokinesis
	

	Prophase II
	

	Metaphase II
	

	Anaphase II
	

	Telophase II and cytokinesis
	


Summarise the processes and outcomes of meiosis I and meiosis II. How do they differ from each other?
	


For the following processes, identify the meiotic phase in which each occurs and describe the process. Where required, construct a diagram to support your description.
Crossing over
	


Independent assortment
	


Random segregation
	




[bookmark: _Ref231384406][bookmark: _Ref231464789]
[bookmark: _Sample_response_–_12]Sample response – student resource – describing processes of interphase, meiosis and cytokinesis
Figure 1 – sample response of the annotated diagram
[image: The annotated student resource showing interphase and the stages of meiosis I and meiosis II, including chromosome pairing, independent assortment, chromosome separation and cytokinesis, resulting in 4 genetically unique haploid cells.]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


Questions
1. Describe the outcome of meiosis. In your answer, refer to the number of cells produced, their chromosome number and their genetic identity relative to one another.
	Meiosis produces 4 haploid daughter cells from a single diploid parent cell. Each daughter cell contains half the chromosome number of the original cell; in humans, 23 chromosomes rather than 46. The 4 cells are genetically distinct from each other and from the parent cell because of crossing over, independent assortment and random segregation during meiosis I.


What are the cells produced by meiosis called? Identify 2 terms used to describe them.
	The cells produced by meiosis are called gametes. In animals, gametes take the form of sperm (produced in males) and egg cells or ova (produced in females). These are the only cells in the body that are haploid; all other body cells (somatic cells) are diploid and are produced by mitosis.


Explain why it is important that meiosis halves the chromosome number. What would happen if gametes were produced by mitosis?
	Meiosis is important because it ensures that when 2 gametes fuse during fertilisation, the resulting cell (the zygote) has the correct diploid chromosome number for that species. Because each gamete is haploid (n), the zygote formed when they combine is diploid (2n). If gametes were produced by mitosis, they would be diploid, and fertilisation would produce a tetraploid (4n) cell, doubling the chromosome number with every generation. This would quickly produce cells with an unworkable chromosome number, making reproduction unsustainable. Meiosis therefore maintains the correct chromosome number across generations.


Each gamete contains one copy of each chromosome. Where does each chromosome come from?
	Each gamete inherits one chromosome from each homologous pair. One chromosome in each homologous pair was originally inherited from the organism's biological mother (maternal chromosome) and one from its biological father (paternal chromosome). During meiosis I, these homologous pairs separate so each resulting cell contains only one copy of each chromosome. Because of independent assortment, each gamete receives a random mix of maternal and paternal chromosomes, and crossing over may produce chromosomes with segments from both.


Define the term ‘homologous chromosomes’. How are they similar and how might they differ?
	Homologous chromosomes are a pair of chromosomes that carry the same genes at the same locations (loci) along their length, one inherited from each parent. They are the same size and shape and pair up during meiosis I. However, they are not genetically identical: the 2 chromosomes in a homologous pair may carry different versions of the same genes, known as alleles. For example, both chromosomes may carry a gene for eye colour, but one may carry the allele for brown eyes and the other the allele for blue eyes. This is what distinguishes homologous chromosomes from sister chromatids, which are exact copies of each other produced during DNA replication.


Complete Table 1 by describing what occurs during interphase, each phase of meiosis and cytokinesis. Use the simulation to support your answers.
Table 1 – sample response for unpacking the processes of interphase, meiosis and cytokinesis
	Phase
	Description of phase

	Interphase
	This is not a phase of meiosis; it is part of the cell cycle before meiosis begins. During interphase, the cell grows, carries out normal functions and prepares for division. During the S phase, DNA replicates, producing 2 identical copies of each chromosome. After replication, each chromosome consists of 2 sister chromatids joined at a centromere.

	Prophase I
	Chromosomes condense and become visible. Homologous chromosomes pair together to form homologous pairs (bivalents). Crossing over occurs between non-sister chromatids of homologous pairs, exchanging DNA segments and creating new allele combinations. The nuclear membrane breaks down, and spindle fibres begin to form.

	Metaphase I
	Homologous chromosome pairs line up along the equator of the cell (in the middle of the cell). Each homologous pair aligns randomly, resulting in independent assortment. Spindle fibres attach to the centromeres of each chromosome in homologous pairs.

	Anaphase I
	Homologous chromosomes are pulled to opposite poles of the cell by spindle fibres. Each chromosome still consists of 2 sister chromatids joined at the centromere. The random separation of homologous chromosomes to each pole is called random segregation. The chromosome number at each pole is now haploid (n).

	Telophase I and cytokinesis
	Chromosomes move to opposite poles, and the cell divides by cytokinesis, producing 2 haploid daughter cells. Each cell contains one chromosome from each homologous pair, still as 2 sister chromatids. A brief interkinesis may follow; DNA replication does not occur at this stage.

	Prophase II
	Chromosomes condense again if necessary. The nuclear membrane breaks down (if it reformed) and new spindle fibres form in each of the 2 haploid cells. No DNA replication occurs before meiosis II, and homologous chromosomes do not pair again because they were already separated in meiosis I.

	Metaphase II
	Individual chromosomes (each made of 2 sister chromatids) align at the equator (middle) of each cell. Spindle fibres from opposite poles attach to the centromeres of each chromosome.

	Anaphase II
	The centromeres split, and sister chromatids are separated, moving to opposite poles. Each chromatid is now a single chromosome. This is equivalent to mitosis; the key difference is that the cells are already haploid. Once separated, each chromatid is considered an individual chromosome.

	Telophase II and cytokinesis
	Chromosomes reach opposite poles, and new nuclear membranes form around each set of chromosomes. Cytokinesis occurs in both cells simultaneously, dividing the cytoplasm. The result is 4 genetically distinct haploid cells (each containing half of the parent cell's genetic information). In organisms that produce gametes, these cells will mature into sperm or egg cells.


Summarise the processes and outcomes of meiosis I and meiosis II. How do they differ from each other?
	Meiosis I is a reductive division. In this stage, homologous chromosome pairs separate. The parent cell (2n) produces 2 haploid cells (n). This division halves the chromosome number and is unique to meiosis. Genetic variation is introduced here through crossing over (prophase I) and independent assortment (metaphase I). Each resulting cell contains one chromosome from each homologous pair, still as 2 sister chromatids.
In meiosis II, sister chromatids are separated, similar to mitosis. Each of the 2 haploid cells from meiosis I divides, producing 4 haploid cells in total. The chromosome number does not change (remains n). No further genetic recombination occurs. The outcome is 4 genetically distinct haploid daughter cells.


For the following processes, identify the meiotic phase in which each occurs and describe the process. Where required, construct a diagram to support your description.
Crossing over
	Crossing over occurs during prophase I of meiosis I. Homologous chromosomes pair up and physically overlap at regions called chiasmata. Non-sister chromatids, one from each chromosome of the homologous pair, break at corresponding points and rejoin with the other, exchanging segments of DNA. This produces recombinant chromosomes that carry a new combination of alleles not present in either parent chromosome. Crossing over increases genetic variation by producing chromosomes that are neither entirely maternal nor entirely paternal in origin.
Figure 20 – a diagram showing crossing over
[image: A diagram showing how homologous chromosomes exchange sections of DNA during crossing over, producing recombinant chromatids with new combinations of genetic material.]
Figure 11 01 02 by CNX OpenStax, licensed under CC BY 4.0.


Independent assortment
	Independent assortment occurs at metaphase I when homologous chromosome pairs align at the equator (the middle of the cell). The orientation of each pair, which chromosome faces which pole, is random and independent of every other pair. This means each gamete can receive any combination of maternal and paternal chromosomes. For an organism with n pairs of homologous chromosomes, independent assortment alone produces 2n possible chromosome combinations in gametes. For humans (n = 23), this gives 223 = approximately 8.4 million possible combinations.
Figure 21 – a cell in anaphase I showing independent assortment of chromosomes
[image: A diagram of a cell in metaphase I showing homologous chromosome pairs aligned at the equator in a random orientation, illustrating independent assortment.


]
This work has been generated using BioRender.com. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.


Random segregation
	Random segregation occurs during anaphase I, when spindle fibres pull homologous chromosomes to opposite poles of the cell. The chromosome from each homologous pair that moves to a given pole is chosen at random; it may be the maternal or paternal chromosome, and this choice is independent for each pair. This process is closely linked to independent assortment: the random orientation established at metaphase I directly determines which chromosomes segregate to which pole at anaphase I. Together, they ensure that each gamete receives a unique, unpredictable combination of chromosomes.
Figure 22 – cell division showing genetic variation of daughter cells with and without random segregation
[image: A diagram comparing cell division with and without random segregation of chromosomes, showing how random segregation produces daughter cells with different combinations of genetic material.]
Immortal strand by Bluewhale 22, licensed under CC BY-SA 4.0.




[bookmark: _Student_resource_–_12][bookmark: _Toc243058801]Student resource – modelling meiosis
Instructions: use the materials list and procedure to conduct a practical investigation and observe prepared slides (a model) of meiosis. Complete Table 1 to describe the slides using your observations of the slides and your knowledge of meiosis, then respond to the questions provided.
Materials
1 × light microscope
Prepared meiosis slides (for example, lily anther or grasshopper testis)
Procedure
1. Collect a prepared meiosis slide and place it on the microscope stage. Secure it with the stage clips.
1. Begin with the lowest objective lens (4×). Use the coarse focus knob to focus on the slide.
1. Move to the 10× objective lens. Use the fine focus knob to sharpen the image. Scan the slide to locate cells in a clear phase of meiosis.
1. Move to the 40× objective lens. Use only the fine focus knob. Do not use the coarse focus knob at this magnification.
1. Identify the phase of meiosis you are observing. Use the appearance of chromosomes and other observations to determine the phase.
1. Draw a scientific cell diagram or photograph the cell. If sketching, use a pencil and draw only what you can see; do not copy from a diagram.
1. Record the phase, describe your observations, relating them to your knowledge of meiosis, and note whether the cell is in meiosis I or meiosis II in Table 1.
1. Return to 4× before moving to the next slide. Repeat steps 1–7 for each phase of meiosis.


Use your knowledge of meiosis and observations of the slide to complete the table below.
Table 1 – observations and description of the prepared meiosis slides
	Identified phase
	Meiosis I or II?
	Photograph or diagram (400× magnification)
	Description of slide (using observations and your knowledge of meiosis)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Questions
1. In Science, a model is a representation used to help explain a phenomenon. How do the prepared slides serve as a model of meiosis?
	


1. What are the limitations of using prepared slides as a model of meiosis? What can the slides not show you?
	


1. How did using the prepared slides alongside the simulation help you develop a more complete understanding of meiosis than either resource alone?
	





[bookmark: _Sample_response_–_13][bookmark: _Ref231465055]Sample response – student resource – modelling meiosis
Table 1 – sample response for observations and description of the prepared meiosis slides
	Identified phase
	Meiosis I or II?
	Photograph or diagram (400× magnification)
	Description of slide (using observations and your knowledge of meiosis)

	Prophase I
	I
	Figure 1 – an image of prophase I under the microscope
[image: A diploid cell in prophase I showing condensed chromosomes, paired homologous chromosomes and crossing over between non-sister chromatids, producing new combinations of genetic material that contribute to genetic variation.]
	A single diploid cell is visible, with chromosomes appearing as a dense, tangled mass of dark-staining material. The nuclear envelope is no longer visible. During prophase I, chromosomes condense and homologous chromosomes pair through synapsis. The tangled appearance reflects crossing over between non-sister chromatids of homologous chromosomes at points called chiasmata, producing recombinant chromosomes with new allele combinations. This process is a major source of genetic variation.

	Metaphase I
	I
	Figure 2 – an image of metaphase I under the microscope
[image: A cell in metaphase I showing condensed homologous chromosome pairs aligned at the equator in random orientations, illustrating independent assortment and the formation of different combinations of maternal and paternal chromosomes in gametes.]
	A single cell is visible with well-condensed chromosomes clearly aligned in a row across the centre of the cell (the equator). The chromosomes are arranged as homologous pairs (homologs) at the equator, not as individual chromosomes. The random orientation of each pair at the plate is independent assortment, meaning each gamete produced will receive a different combination of maternal and paternal chromosomes. Spindle fibres, not visible at this magnification, are attached to the centromeres from opposite poles.

	Anaphase I
	I
	Figure 3 – an image of anaphase I under the microscope
[image: Two groups of chromosomes are moving towards opposite poles of the cell during anaphase I, showing homologous chromosomes separating while sister chromatids remain joined at the centromeres, reducing the chromosome number from diploid to haploid and illustrating random segregation.]
	Two groups of chromosomes move towards opposite poles of the cell. Each group contains half the number of chromosomes visible at metaphase I, confirming that the chromosome number is halved from diploid (2n) to haploid (n) at each pole. The chromosomes still appear as paired V shapes because sister chromatids remain joined at the centromere; only homologous chromosomes have separated. This separation is part of random segregation: the random orientation at metaphase I determines which chromosome of each homologous pair moves to which pole.

	Telophase I and cytokinesis
	I
	Figure 4 – an image of telophase I under the microscope
[image: Two clusters of chromosomes are visible at opposite ends of the cell during telophase I, with a division line forming across the middle as the cell prepares to divide into 2 haploid cells, each containing chromosomes made up of 2 joined sister chromatids.]
	Two clusters of chromosomes are visible at opposite ends of the cell, with a faint division line forming across the middle. The 2 resulting cells are haploid, each containing one chromosome from each homologous pair. Each chromosome still consists of 2 sister chromatids joined at the centromere. No DNA replication occurs before meiosis II begins.

	Prophase II
	II
	Figure 5 – an image of prophase II under the microscope
[image: Two haploid cells in prophase II, each containing condensed chromosomes and no nuclear envelope, with new spindle fibres forming to prepare for the separation of sister chromatids during meiosis II.]
	Two separate haploid cells are visible, each with re-condensed chromosomes visible as dark, tangled clusters. The nuclear envelope is absent. Unlike prophase I, there are no homologues; homologous chromosomes were already separated in meiosis I, so the chromosomes condense individually. Each cell contains fewer chromosomes than the original parent cell, confirming that they are haploid. New spindle fibres are forming in preparation for the separation of sister chromatids in meiosis II.

	Metaphase II
	II
	Figure 6 – an image of metaphase II under the microscope
[image: Two haploid cells in metaphase II, each showing individual chromosomes aligned at the equator and attached to spindle fibres, ready for sister chromatids to separate.]
	Two cells are visible, each showing individual chromosomes aligned at the equator (centre of the cell). Fewer chromosomes are visible at the plate in each cell than in metaphase I, consistent with the cells being haploid. Chromosomes are arranged individually, not as homologous pairs, distinguishing this from metaphase I and making it equivalent to metaphase in mitosis. Spindle fibres from opposite poles are attached to each sister chromatid of every chromosome, ready to pull them apart.

	Anaphase II
	II
	Figure 7 – an image of anaphase II under the microscope
[image: Chromosomes are moving towards opposite poles in 2 cells during anaphase II, as sister chromatids separate at the centromeres, forming 4 groups of chromosomes, each destined to receive a complete haploid set.]
	In each cell, chromosomes move towards opposite poles, resulting in 4 groups of chromosomes across the 2 cells. The chromosomes appear smaller and more numerous per group than in anaphase I; they move as single chromatids because the centromeres have split and sister chromatids have separated. This step distinguishes anaphase II from anaphase I: in anaphase I, homologous chromosomes separate, whereas in anaphase II, sister chromatids separate. Each pole will receive a complete haploid set of individual chromosomes.

	Telophase II and cytokinesis
	II
	Figure 8 – an image of telophase II under the microscope
[image: Four nuclei are visible, each containing a decondensing cluster of chromosomes, as cytokinesis divides the 2 cells into 4 genetically distinct haploid daughter cells, each with a complete set of individual chromosomes.]
	Four nuclei are visible, each containing a small, decondensing cluster of chromosomes. Cytokinesis occurs simultaneously in both cells, and the cytoplasm divides to form 4 daughter cells, each with a haploid number of chromosomes as individual chromatids.

	Products
	II
	Figure 9 – an image of the products of meiosis under the microscope
[image: Four distinct, equally sized cells, each containing a compact nucleus, have formed through meiosis. Each cell is haploid, containing half the chromosome number of the original diploid cell, and genetically distinct due to crossing over and the random assortment and segregation of chromosomes. In lily plants, these cells develop into pollen grains.]
	Four distinct, equally sized cells are each containing a compact, darkly stained nucleus. Each cell is haploid, containing half the chromosome number of the original diploid parent cell. These 4 cells are genetically distinct from each other due to crossing over in prophase I, independent assortment at metaphase I, and random segregation at anaphase I. In this lily plant, these cells will develop into pollen grains. In sexual reproduction, each haploid gamete will fuse with another at fertilisation which restores the diploid chromosome number.


Images for meiosis in grasshopper testis
Note: this is another option of images to use for meiosis; use only one.
[bookmark: _Ref231472265]Figure 10 – sample photographs of what would be seen under the microscope during interphase, phases of meiosis, cytokinesis and the final products in grasshopper testis
[image: Images showing interphase and the stages of meiosis in grasshopper testis cells.]
The images in this work have been generated using artificial intelligence. Any copyright subsisting in this work is owned by © State of New South Wales (Department of Education) 2026.
Questions
1. In Science, a model is a representation used to help explain a phenomenon. How do the prepared slides serve as a model of meiosis?
	The prepared slides serve as a model because they represent real biological cells fixed at specific stages of meiosis, allowing you to study the process without observing it in real time. Each slide provides a snapshot of a particular phase, and viewing multiple slides in sequence lets you reconstruct the full process of meiosis. The chromosomes and nuclear arrangements visible on the slides correspond directly to the events of meiosis, making the slides a physical model of a dynamic biological process that cannot be observed live under standard laboratory conditions.


1. What are the limitations of using prepared slides as a model of meiosis? What can the slides not show you?
	Prepared slides are static; they show cells fixed at a single moment and cannot show chromosome movement, spindle formation and breakdown or the dynamic process of crossing over in real time. Molecular-level events such as the exchange of DNA segments at the chiasmata are also below the resolution of a light microscope and therefore invisible on these slides. Because the slides are prepared from lily anther cells, they may not perfectly model meiosis in animal cells, where cytokinesis occurs by cleavage furrow rather than cell plate formation.


1. How did using the prepared slides alongside the simulation help you develop a more complete understanding of meiosis than either resource alone?
	The simulation provided a dynamic, animated model that showed chromosome movement and the sequence of events across all phases, making it easier to understand how meiosis progresses over time. However, the simulation uses simplified, diagrammatic chromosomes that do not represent real cells. The prepared slides complemented this by providing real cellular structures, allowing observation of what chromosomes and cell division look like in a biological specimen under the microscope. Using both models together gave a more complete and accurate understanding than either could provide alone; the simulation explained the mechanism and sequence, while the slides confirmed what those stages look like in reality in a gametic cell. This highlights a key principle of scientific modelling: different models of the same phenomenon each have strengths and limitations, and using multiple models together produces a more robust understanding.




[bookmark: _Toc243058802]Teaching advice
The simulation is the most content-dense part of this lesson sequence and should not be rushed. Work through it one section at a time using the percentage markers in Table 23, pausing to explain concepts shown on the screen and modelling how to annotate the diagram and respond to questions before moving on. The video provided after the simulation is an optional support, not a replacement for explicit teaching; use it selectively for students who need reinforcement of meiosis.
Some teachers may question whether prepared slides constitute a legitimate model for the content point. They do, because a scientific model is any representation used to understand a phenomenon; it need not be a simplification or diagram. Prepared slides are physical specimens fixed at specific stages of a dynamic process, allowing students to study what they cannot directly observe in real time. When students observe slides, classify phases and describe what they see using their knowledge of meiosis, they are using a model to explain a phenomenon. Make this explicit to students.
Note that this lesson sequence introduces genetic variation, but the full implications of how crossing over, independent assortment, random segregation and fertilisation together create variation in offspring are a Year 12 Heredity content point. In this lesson, students need to understand each process and where it occurs; they do not yet need to analyse the cumulative genetic outcomes across generations or connect this to patterns of inheritance.
Misconceptions may arise in this lesson sequence and should be addressed directly rather than left for students to self-correct. For this reason, regularly check students’ understanding to identify and correct misconceptions promptly. Misconceptions that may arise include:
Students frequently confuse independent assortment (the random orientation of homologous pairs at metaphase I) with random segregation (the physical separation that results from it at anaphase I). These are related but distinct; use the explicit distinction: independent assortment is the cause, random segregation is the effect.
Students often confuse homologous chromosomes with sister chromatids. Homologous chromosomes are from different parents, carry the same genes but potentially different alleles, and separate in meiosis I. Sister chromatids are identical copies produced by DNA replication and separate in meiosis II.
Students may assume that DNA replication occurs again between meiosis I and meiosis II. This is incorrect and should be stated explicitly more than once across the lesson sequence. Replication occurs once, during the S phase of interphase, before meiosis I begins.
Students may assume that crossing over occurs between sister chromatids. Emphasise clearly that crossing over occurs between non-sister chromatids of homologous chromosomes; an exchange between sister chromatids would produce no new genetic variation as they are identical.
Students may describe interphase as the first phase of meiosis. Interphase is part of the cell cycle, not meiosis. Meiosis begins after interphase is complete.
Background information
Meiosis is a specialised form of cell division that produces 4 genetically distinct haploid daughter cells from a single diploid parent cell. It occurs in the gonads (testes and ovaries in animals; anthers and ovules in flowering plants) and produces the gametes required for sexual reproduction. Meiosis consists of 2 sequential rounds of division, meiosis I and meiosis II, preceded by a single round of DNA replication during interphase. The key distinction between meiosis and mitosis is that meiosis I separates homologous chromosome pairs (reducing the chromosome number from 2n to n). In contrast, meiosis II separates sister chromatids (mechanistically equivalent to mitosis but occurring in haploid cells). The result is 4 haploid daughter cells from one parent cell rather than 2 diploid daughter cells from one parent cell.
Meiosis serves 2 essential functions. In meiosis I, the chromosome number is halved to produce haploid gametes, ensuring that when 2 gametes fuse at fertilisation the diploid number is restored. Without this halving, chromosome number would double with every generation; within a few generations, cells would carry an unsustainable number of chromosomes. Second, meiosis generates genetic variation through crossing over, independent assortment and random segregation, providing the raw material for natural selection and evolution.
Crossing over (recombination) occurs during prophase I when homologous chromosomes pair up through synapsis. The paired structure, 2 chromosomes, each consisting of 2 sister chromatids, is referred to in this resource as a bivalent (also commonly called atetrad in other texts). Non-sister chromatids of the homologous pair physically cross over and exchange corresponding segments of DNA at points called chiasmata (singular: chiasma). The result is recombinant chromosomes, which are chromosomes that carry a combination of maternal and paternal alleles not present in either original chromosome. On average, one to 3 crossover events occur per chromosome pair per meiosis in humans, and at least one crossover per pair is required for accurate chromosome segregation. Crossing over is the only process in meiosis that changes the allele composition of individual chromosomes.
Independent assortment occurs at metaphase I when homologous pairs align at the equator of the cell. The orientation of each pair, that is, which chromosome faces each pole, is entirely random and independent of the orientation of every other pair. Because each pair can face either way, the number of possible chromosome combinations producible by independent assortment alone is 2n, where n is the haploid chromosome number. For humans (n = 23), this gives 2²³ = 8,388,608 possible combinations. Independent assortment affects which whole chromosomes end up in each gamete but does not alter the allele composition of individual chromosomes; crossing over does that.
Random segregation occurs in anaphase I and directly results from independent assortment. When spindle fibres pull homologous chromosomes to opposite poles, the chromosome of each pair that moves to a given pole is determined by the random orientation established at metaphase I. As a result, maternal and paternal chromosomes are randomly distributed between the 2 daughter cells, further contributing to gamete diversity. Random segregation differs from independent assortment: independent assortment refers to the orientation event (metaphase I), while random segregation refers to the separation event (anaphase I); they are cause and effect, not synonymous processes.
Cytokinesis occurs twice in meiosis, once after meiosis I (producing 2 haploid cells) and once after meiosis II (producing 4 haploid cells). In animal cells, cytokinesis occurs by cleavage furrow formation, where a contractile ring pinches the cell membrane inward. In plant cells (including the lily anther slides used in this practical), cytokinesis occurs by cell plate formation, where vesicles from the Golgi apparatus fuse to form a new cell wall across the equator of the cell. This difference is visible on the lily slides. Point out to students that this is a structural difference between plant and animal cell division, without treating it as a difference in the mechanism of meiosis itself.
Checks for understanding
[bookmark: _Check_for_understanding_11][bookmark: _Ref231384554]Check for understanding 1 (4.6 PPT)
True or false statements
1. In meiosis, prophase I occurs before metaphase II.
Interphase is the first phase of meiosis.
Crossing over is the exchange of DNA segments between non-sister chromatids of homologous chromosomes during prophase I.
Independent assortment refers to the random orientation of homologous chromosome pairs at the metaphase plate during meiosis I.
Random segregation occurs when sister chromatids are randomly distributed into daughter cells during anaphase II.
Meiosis is important because it produces haploid gametes, ensuring the correct chromosome number is maintained after fertilisation.
Check for understanding 1 sample response
1. True.
1. False. Interphase is part of the cell cycle, not a phase of meiosis.
1. True.
1. True.
1. False. Random segregation is the random distribution of homologous chromosomes in anaphase I, not sister chromatids in anaphase II.
1. True.


[bookmark: _Toc243058803]4.7 The importance of the processes in cell division (secondary-source investigation)
Students will conduct a secondary-source investigation to consolidate their learning about cell division by evaluating the importance of the processes involved in cell division.
Table 23 – learning intentions and success criteria
	We are learning:
	I can:

	to explain the importance of processes in cell division
	explain how DNA replication, mitosis, meiosis and cytokinesis contribute to successful cell division
state what would happen to cell division if each process failed or was absent
make an explicit judgement about the importance of all 4 processes to successful cell division

	to process information from secondary sources.
	extract key points from a text relevant to given questions
summarise extracted key points to respond to questions.


[bookmark: _Toc243058804]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of what happens during DNA replication, mitosis, meiosis and cytokinesis and why these processes are important, by displaying 4.7 PPT ‘Activating prior knowledge’. Have students draw a rough table in their books like the one shown on the slide and complete each row about the processes. Refer to the sample response in Table 24.
Note: the sample responses are not extensive but represent what a student may recall from previous lessons, to reveal misconceptions and gaps during discussion.
[bookmark: _Ref231539870]Table 24 – sample responses for the activating prior knowledge activity
	Process
	What happens?
	Why is it important?

	DNA replication
	The DNA double helix unwinds and unzips. Complementary nucleotides are added to each strand, producing 2 identical DNA molecules.
	Ensures DNA is copied before cell division, so daughter cells receive a complete set of genetic information.

	Mitosis
	Chromosomes condense, line up, separate and form 2 nuclei. One cell produces 2 genetically identical diploid cells.
	Allows growth, repair and replacement of cells while maintaining genetic stability.

	Meiosis
	Homologous chromosomes pair, cross over and undergo independent assortment, followed by 2 divisions that produce 4 genetically distinct haploid cells.
	Produces gametes for sexual reproduction and increases genetic variation.

	Cytokinesis
	The cytoplasm divides, forming separate daughter cells in both mitosis and meiosis.
	Completes cell division by physically separating daughter cells.


Guide retrieval of the concepts reviewed through a structured class discussion. The discussion questions and responses are in Table 25.
[bookmark: _Ref239943382]Table 25 – questions and responses to facilitate retrieval of key concepts
	Question
	Sample response

	What is the first process that must occur before a cell divides?
	DNA replication must occur first so that a copy of the DNA is available before cell division.

	What is the purpose of DNA replication?
	To produce an identical copy of the DNA so that each daughter cell receives a complete and accurate set of genetic information.

	What is the difference between mitosis and meiosis?
	Mitosis produces 2 genetically identical diploid cells, whereas meiosis produces 4 genetically distinct haploid cells. Mitosis supports growth and repair, whereas meiosis produces gametes for sexual reproduction and generates genetic variation.

	What role does cytokinesis play?
	It physically completes cell division by producing separate cells following nuclear division.

	What would happen if one of these processes did not occur?
	Cell division would not be successful. For example, without DNA replication, daughter cells would receive incomplete DNA and could not function normally. If mitosis did not occur, organisms could not grow. Damaged, dead or worn-out cells could not be replaced, so wounds would not heal and tissues would gradually lose function. If meiosis did not occur, haploid gametes would not be produced, making sexual reproduction impossible. If cytokinesis did not occur, cells would not physically separate into individual daughter cells. This would result in cells with multiple nuclei rather than forming independent new cells.


If students are struggling to recall the concepts above, they will be covered again in this lesson in the secondary-source (text) provided to students. Alternatively, refer to the relevant content in each learning sequence in this teacher resource book.
Connect students’ prior knowledge to the learning in this sequence by highlighting that each process plays a distinct role. In this sequence, they will move beyond describing processes to evaluating why each is important for successful cell division.
Core learning
Why are the processes of cell division important?
1. Inform students that they will begin examining the importance of the processes of DNA replication, mitosis, meiosis and cytokinesis for successful cell division and the survival of organisms and species.
1. Provide students with the Student resource – the importance of processes in cell division.
Through independent practice, students engage with the text to extract and summarise key points to answer questions about the processes in cell division and their importance.
Guide a class discussion of the completed student resource to check students’ understanding and provide feedback by using the sample response in Sample response – student resource – the importance of processes in cell division.
DNA replication must occur before mitosis or meiosis because both processes distribute chromosomes into daughter cells; if DNA has not been copied first, daughter cells would receive incomplete genetic information and could not function.
Mitosis is important for multicellular organisms because it produces genetically identical diploid daughter cells, enabling growth from a single fertilised egg, tissue repair and the replacement of worn-out or damaged cells throughout life.
Meiosis halves the chromosome number so the diploid number is restored at fertilisation, enabling sexual reproduction. It also generates genetic variation through crossing over and independent assortment, increasing a population's capacity to adapt to environmental change, disease and other selective pressures.
Cytokinesis is essential because it physically separates the cytoplasm, organelles and cell membrane into independent daughter cells. Without it, multinucleate cells would form rather than functional separate cells, meaning growth, repair and reproduction could not be completed even if nuclear division had occurred correctly.
Check students’ understanding of the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division using Check for understanding 1 (4.7 PPT). Display 4.7 PPT ‘Check for understanding 1’ and ask students to engage with each of the true or false statements and indicate their response using a show of hands or mini whiteboards.
Evaluating processes in cell division
1. Inform students that they will now bring together the knowledge from this lesson sequence and content grouping to evaluate the importance of the processes involved in cell division.
1. Provide students with the Student resource – evaluating the importance of processes in cell division.
Use 4.7 PPT ‘NESA key word – evaluate’ to introduce the question in the student resource to students and to define the NESA key word ‘evaluate’.
Question: ‘Evaluate the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division.’
Evaluate means to make a judgement based on criteria or to determine the value of something.
In this instance, students will be evaluating the importance (value) of the processes of DNA replication, mitosis, meiosis and cytokinesis in successful cell division.
To do this, students will need to describe what each process contributes to successful cell division, using evidence to explain why that contribution matters, state what would happen to cell division if the process failed or was absent and make an explicit judgement about the importance of the process in cell division.
Note: the typical online scaffold for evaluation uses strengths-and-weaknesses language, but that doesn’t suit this question well. Strengths and weaknesses work well when you're evaluating something with genuine limitations: a model, a method, a technology or an argument. For example, evaluating the use of models to demonstrate DNA replication fits that scaffold much better because models genuinely have both strengths and weaknesses. 
But evaluating the importance of these processes in cell division asks students to determine value, not critique. DNA replication, mitosis, meiosis and cytokinesis have no meaningful weaknesses; they are all essential. Asking students to stick strictly to a strengths/weaknesses approach here would produce artificial responses. In this case, we can frame the consequences of failure or absence of the processes as the ‘weaknesses’ or negatives; however, we need to make it clear that each process is important for cell division and that there are no true weaknesses.
Explain ‘Table 1’ which introduces the structure of the evaluation response and sentence starters to support students in writing about the processes.
Model, through a think-aloud, how to complete the table scaffold with sentence starters to draft a response to the question. Refer to the sample response in Table 1 in Sample response – student resource – evaluating the importance of processes in cell division.
Model how to turn the completed scaffold in Table 1 in Sample response – student resource – evaluating the importance of processes in cell division into a logical and concise response to the ‘evaluate’ question, in the student resource. A key has been provided to unpack the sample response and align its structure with the information below.
Lead with an overarching statement: rather than beginning with DNA replication in isolation, open with a sentence that frames all 4 processes together. This signals to the marker immediately that the student understands the question is asking about all 4 processes collectively, not separately.
Integrate contribution and significance: instead of stating the contribution and then separately explaining why it matters, combine them into a single sentence per process. For example, DNA replication ensures a complete and accurate copy of genetic information is available before division occurs, without which daughter cells could not produce proteins or carry out essential life processes. This is more concise and reads as genuine understanding rather than strictly following the scaffold, unpacking each process and its contribution before moving on to why it matters.
Embed consequences of failure within each process: rather than listing all consequences of failure at the end, weave each consequence directly after the relevant process. This keeps the reasoning connected and demonstrates that the student understands the relationship between each process and its outcome
Close with a genuine overall judgement: the final sentence should not merely repeat what has already been said. It should make a clear judgement about the interdependence of all 4 processes and their collective importance to cell division
Consolidate
1. Consolidate students’ understanding of the importance of processes in cell division by displaying 4.7 PPT ‘Consolidating understanding’ on the board and having students work in pairs to engage with the information, identify whether they agree or disagree with the claim and provide reasons to support their position.
Question: a biology student is preparing for their exam and says to their friend, ‘I don't need to study cytokinesis; it's just the cell splitting in 2 at the end. The important processes are DNA replication, mitosis and meiosis because they deal with the genetic information.’ 
Using your understanding of the importance of each process in cell division, identify whether you agree or disagree with this student's claim. Your response must make a judgement and justify it with evidence.
Facilitate a class discussion using the sample response to check students' understanding and provide feedback.
	Sample response
This claim is incorrect. While DNA replication, mitosis and meiosis are essential for accurately copying and distributing genetic information, cytokinesis is equally critical to successful cell division. Without the physical separation of the cytoplasm and organelles into independent daughter cells, no functional daughter cells would be produced, regardless of whether the preceding processes occurred correctly. Therefore, cytokinesis is not a minor final step; it physically completes cell division. Without it, the outcomes of DNA replication, mitosis and meiosis would be ineffective.




[bookmark: _Student_resource_–_14][bookmark: _Ref231547101][bookmark: _Toc243058805]Student resource – the importance of processes in cell division
Instructions: engage with the text as a class to extract and summarise key points to respond to the comprehension questions.
Cell division is essential for life. It enables organisms to grow, repair damaged tissues, replace worn-out cells and reproduce. Successful cell division depends on several interconnected processes that ensure genetic information is accurately copied, distributed and packaged into new cells. These processes are DNA replication, mitosis, meiosis and cytokinesis. Although each process has a distinct role, all are important because the failure of any one process would prevent successful cell division and affect the survival of cells, organisms or species.
DNA replication – ensuring genetic continuity
	Before a cell can divide, it must copy its DNA during the S phase of interphase. During DNA replication, shown in Figure 1, the double helix unwinds and unzips. Each strand acts as a template for the formation of a new complementary strand. Enzymes including helicase, DNA polymerase and ligase help ensure that DNA is copied accurately.
	Figure 1 – a summary of DNA replication
[image: A diagram summarising DNA replication, showing the double helix unwinding and unzipping, each original strand acting as a template for a new complementary strand, and the roles of helicase, DNA polymerase and ligase in producing 2 DNA molecules.]
0323 DNA Replication by OpenStax, licensed under CC BY 4.0.


DNA replication is important because it ensures a complete and accurate copy of genetic information is available before cell division. At the cellular level, this allows daughter cells to receive the instructions needed to produce proteins and carry out essential life processes. At the organism level, accurate DNA replication supports growth, tissue repair and cell replacement. At the species level, it ensures genetic information is reliably passed from one generation to the next. Without DNA replication, daughter cells would receive incomplete genetic information, and successful cell division would not be possible.
Mitosis – supporting growth and repair
	Mitosis is a type of cell division that produces 2 genetically identical diploid daughter cells, as shown in Figure 2. During prophase, metaphase, anaphase and telophase, chromosomes are evenly distributed between 2 new cells.
	Figure 2 – a summary of the outcome of mitosis
[image: A simplified diagram showing mitosis, in which one parent cell divides to produce 2 genetically identical daughter cells with the same chromosome number as the parent cell.]
Mitosis Daughter Cells by SadiesBurrow, licensed under CC BY-SA 4.0.


Mitosis is important because it ensures that replicated chromosomes are accurately distributed between daughter cells. At the cellular level, this maintains genetic stability by ensuring that each new cell receives the same genetic information. At the organism level, mitosis enables growth, development, tissue repair and the replacement of damaged, dead or worn-out cells. Every multicellular organism develops from a single fertilised egg through repeated rounds of mitosis. Without mitosis, organisms could not grow, heal injuries or maintain healthy tissues. Multicellular organisms depend on the continual production of new cells through mitosis to survive.
Meiosis – enabling reproduction and variation
	Meiosis is a specialised form of cell division that produces 4 genetically distinct haploid gametes, as shown in Figure 3. During meiosis, crossing over and independent assortment generate genetic variation. The chromosome number is halved so fertilisation can restore the diploid number.
	Figure 3 – a summary of the outcome of meiosis
[image: A simplified diagram showing mitosis, in which one parent cell divides to produce 2 genetically identical haploid daughter cells.]
Meiosis Daughter Cells by SadiesBurrow, licensed under CC BY-SA 4.0.


Meiosis is important because it halves the chromosome number and generates genetic variation. At the cellular level, meiosis ensures that gametes contain one set of chromosomes, allowing the diploid chromosome number to be restored during fertilisation. At the organism level, meiosis produces the sperm and eggs required for sexual reproduction. At the species level, the genetic variation produced through crossing over and independent assortment increases the likelihood that some individuals will survive environmental change, disease or other selective pressures. Without meiosis, sexual reproduction would not occur successfully, and populations would have a reduced capacity to adapt over time.
Cytokinesis – completing cell division
	Cytokinesis occurs after mitosis or meiosis. During this process, the cytoplasm divides to form separate daughter cells. In animal cells, a cleavage furrow forms, whereas in plant cells, a cell plate develops, as shown in Figure 4.
	Figure 4 – a summary of cytokinesis in plant cells and animal cells
[image: A diagram comparing cytokinesis in animal and plant cells, showing an animal cell forming a cleavage furrow to produce 2 daughter cells and a plant cell forming a cell plate that develops into a new cell wall, separating the cell into 2 daughter cells.]
Cytokinesis in animal cells and plant cells by John Eatmon, licensed under CC BY 4.0.


Cytokinesis is important because it physically completes cell division. At the cellular level, it ensures that each daughter cell receives its own cytoplasm, organelles and cell membrane. At the organism level, it enables growth, tissue repair and reproduction to proceed successfully by forming independent cells. Without cytokinesis, cells would form with multiple nuclei instead of separate daughter cells. Although DNA replication, mitosis or meiosis may occur successfully, new functional cells would not be produced.
DNA replication, mitosis, meiosis and cytokinesis each play distinct roles in cell division, yet all are essential for producing new cells. DNA replication ensures genetic information is copied accurately before division begins. Mitosis distributes this information into genetically identical cells that support growth, development and tissue repair. Meiosis distributes genetic information into gametes while generating variation that supports reproduction and adaptation. Cytokinesis physically separates the parent cell's contents into independent daughter cells.
These processes matter beyond the cell itself. Together they enable organisms to grow, maintain tissues, reproduce and pass genetic information to future generations. They also contribute to species survival by ensuring continuity of genetic information and, in meiosis, generating the variation required for evolution. Failure of any one process would disrupt successful cell division, showing that each process is essential for maintaining life.
Comprehension questions
1. Why is DNA replication essential for cell division?
	


1. Explain why mitosis is important for multicellular organisms.
	


1. Why is meiosis important for both reproduction and species survival?
	


1. Why is cytokinesis considered essential even after mitosis or meiosis has occurred?
	


1. All 4 processes are important, but they contribute to cell division in different ways. Describe the importance of DNA replication, mitosis, meiosis and cytokinesis for cell division.
	




[bookmark: _Sample_response_–_14][bookmark: _Ref243039040][bookmark: _Ref231548455][bookmark: _Ref231547239]Sample response – student resource – the importance of processes in cell division
Comprehension questions
1. Why is DNA replication essential for cell division?
	DNA replication is essential because it produces an accurate copy of genetic information before cell division. This ensures that each daughter cell receives a complete set of DNA. Without DNA replication, daughter cells would receive incomplete genetic instructions and could not function normally. As a result, growth, tissue repair and reproduction would be disrupted because functional new cells could not be produced.


1. Explain why mitosis is important for multicellular organisms.
	Mitosis is important because it produces genetically identical diploid daughter cells, maintaining genetic stability within tissues. This enables organisms to grow by increasing cell number and to repair damaged tissues by replacing injured or worn-out cells with the same original cell type. Without mitosis, multicellular organisms could not develop, heal injuries or maintain healthy body systems, threatening their survival.


1. Why is meiosis important for both reproduction and species survival?
	Meiosis is important because it halves the chromosome number to produce haploid gametes, allowing the diploid chromosome number to be restored during fertilisation. It also generates genetic variation through crossing over and independent assortment. This variation increases the likelihood that some individuals within a population will survive environmental changes or disease. Therefore, meiosis is essential for successful sexual reproduction and the long-term survival of species.


1. Why is cytokinesis considered essential even after mitosis or meiosis has occurred?
	Cytokinesis is essential because it physically separates the cytoplasm and organelles into individual daughter cells. Although mitosis or meiosis may separate chromosomes successfully, cell division is not complete until separate cells form. Without cytokinesis, cells would contain multiple nuclei rather than becoming separate, functional cells, so growth, repair and reproduction could not be completed even if cell division occurred correctly.


1. All 4 processes are important, but they contribute to cell division in different ways. Describe the importance of DNA replication, mitosis, meiosis and cytokinesis for cell division.
	DNA replication is important because it ensures genetic information is accurately copied before division begins. Mitosis is important because it distributes this information into genetically identical cells for growth and repair. Meiosis is important because it produces gametes and generates the genetic variation needed for reproduction and adaptation. Cytokinesis is important because it physically separates daughter cells. While each process has a distinct role, all are essential because the failure of any one process would prevent successful cell division and affect the survival of cells, organisms or species.




[bookmark: _Student_resource_–_15][bookmark: _Toc243058806]Student resource – evaluating the importance of processes in cell division
Instructions: construct a response to the question below.
Evaluate the importance of DNA replication, mitosis, meiosis and cytokinesis in cell division.
To construct a response to this question, you should:
Describe what each process contributes to successful cell division, using evidence to explain why that contribution matters.
State what would happen to cell division if the process failed or were absent.
Make an explicit judgement about the importance of the process for successful cell division.
Sentence starters to the scaffold response
Table 1 – sentence starters to scaffold an evaluate response
	Component
	Sentence starter

	Describe the contribution
	[Process] is important to cell division because it ...
The role of [process] in cell division is to ...
[Process] contributes to successful cell division by ...

	Explain why it matters
	At the cellular/organism/species level, this is significant because ...
This matters because ... 
This contributes to ...

	Consequence of failure or absence
	Without [process], ... would not occur, meaning ...
If [process] failed, ...
The absence of [process] would result in ...

	Judgement of importance
	Therefore, [processes] are essential to successful cell division because ...


Constructed response
	




[bookmark: _Sample_response_–_15][bookmark: _Ref231551524]Sample response – student resource – evaluating the importance of processes in cell division
Sentence starters to scaffold response
[bookmark: _Ref231550820]Table 1 – a sample student response for the writing scaffold
	Component
	Sentence starter

	Describe the contribution
	DNA replication is important for cell division because it ensures a complete and accurate copy of genetic information is available before division occurs.
Mitosis contributes to successful cell division by distributing genetic information into 2 genetically identical diploid daughter cells.
Meiosis contributes to successful cell division by producing 4 genetically distinct haploid gametes.
Cytokinesis contributes to successful cell division by physically separating the cytoplasm and organelles into independent daughter cells.

	Explain why it matters.
	DNA replication is significant because daughter cells require a complete set of genetic instructions to produce proteins and carry out essential life processes.
Mitosis matters at the organism level because it enables growth, tissue repair and the replacement of worn-out cells.
Meiosis is important at the species level because it produces haploid gametes with half the species-specific chromosome number, allowing fertilisation to restore the diploid chromosome number. It also generates the genetic variation populations need to adapt to environmental change over time.
Cytokinesis is significant because without it no independent daughter cells would be produced, rendering all prior nuclear division ineffective.

	Consequence of failure or absence
	Without DNA replication, daughter cells would receive incomplete genetic information and could not function.
If mitosis failed, multicellular organisms could not grow, repair tissues or replace damaged cells.
Without meiosis, sexual reproduction would not occur, as the chromosome number would not be reduced by half to produce haploid gametes. Fertilisation would therefore not be able to restore the species-specific diploid chromosome number, and the genetic variation generated by meiosis would be greatly reduced.
The absence of cytokinesis would result in multinucleate cells forming rather than independent functional daughter cells.

	Judgement of importance
	Therefore, all 4 processes are critical to successful cell division. At the same time, each performs a different function; they are interdependent, and the failure of any single process would disrupt the accurate copying, distribution and physical separation of genetic information, ultimately threatening the growth, repair, reproduction and survival of living organisms.


Constructed response
The response is unpacked against the structure provided in the teacher information as follows (the reasoning for this structure and how it supports a structured, logical and cohesive response is provided in the teacher information):
Lead with an overarching statement
Integrate contribution and significance
Embed consequences of failure within each process
Close with a genuine overall judgement
	DNA replication, mitosis, meiosis and cytokinesis are all essential to successful cell division, each performing a distinct and irreplaceable role. DNA replication supports cell division by ensuring a complete and accurate copy of genetic information is available before division occurs. This matters because daughter cells need a complete set of genetic instructions to produce proteins and carry out essential life processes; without it, they would receive incomplete genetic information and could not function. Mitosis contributes to successful cell division by distributing genetic information into 2 genetically identical diploid daughter cells; mitosis matters at the organism level because it enables growth, tissue repair and the replacement of worn-out cells, and if mitosis failed, multicellular organisms could not grow, repair tissues or replace damaged cells. Meiosis contributes to successful cell division by producing 4 genetically different haploid gametes with half the chromosome number of the parent cell; it matters at the species level because the reduction in chromosome number allows fertilisation to restore the species-specific diploid chromosome number, while the genetic variation generated by meiosis enables populations to adapt to environmental change over time. Without meiosis, sexual reproduction would not occur, and species would lack the genetic variation required for evolution. Cytokinesis supports successful cell division by physically separating the cytoplasm and organelles into independent daughter cells. Cytokinesis is significant because it produces independent, functional daughter cells. Without cytokinesis, cells would form multinucleate cells rather than independent, functional daughter cells, rendering the prior cell division ineffective. Therefore, all 4 processes are critical to successful cell division. At the same time, each performs a different function; they are interdependent, and the failure of any single process would disrupt the accurate copying, distribution and physical separation of genetic information, ultimately threatening the growth, repair, reproduction and survival of living organisms.




[bookmark: _Toc243058807]Teaching advice
A common misconception in this sequence is that describing what a process does is sufficient to evaluate its importance. Students who have learned the processes of DNA replication, mitosis, meiosis and cytokinesis in previous lessons will be familiar with describing what happens during each process and many will default to this when asked to evaluate. Make the distinction between describing and evaluating explicit early in the sequence and return to it consistently. The consolidation task is designed to surface and address this misconception directly.
A second misconception is that evaluation always requires students to identify strengths and weaknesses. This scaffold is commonly encountered online, and students may have used it in other contexts. Teachers should explicitly explain why this scaffold is inappropriate for this question, as DNA replication, mitosis, meiosis and cytokinesis do not have meaningful weaknesses; applying a strengths-and-weaknesses frame would yield inaccurate responses. The teacher note in the student resource supports this conversation and should draw students' attention to it before they begin the scaffold.
Students may also struggle to distinguish between stating a consequence of failure and connecting that consequence to the criteria for successful cell division. Teachers should model how to extend consequence-of-failure or absence statements to link back to the criteria, as this distinguishes a surface-level response from one that genuinely evaluates the value of the process.
When modelling how to move from the scaffold to a cohesive written response, teachers should draw students’ attention to the difference between mechanically following the scaffold and integrating its components into a fluent, concise response. A quality response weaves together contribution, significance and consequence of failure to build logically towards an overall judgement, rather than addressing each component separately for each process. The annotated sample response and the modelling guide in the student resource support this clearly and should be used to show students what integration looks like in practice.
Background information
DNA replication, mitosis, meiosis and cytokinesis are 4 interconnected processes that together enable successful cell division. DNA replication occurs during the S phase of interphase. It ensures a complete and accurate copy of genetic information is available before division, providing the foundation for all subsequent processes. Mitosis produces 2 genetically identical diploid daughter cells and is essential for growth, tissue repair and replacing worn-out or damaged cells in multicellular organisms. Meiosis produces 4 genetically distinct haploid gametes through 2 rounds of division, enabling sexual reproduction and generating the genetic variation populations need to adapt to environmental change over time. Cytokinesis physically completes cell division by separating the cytoplasm, organelles and cell membrane into independent daughter cells following nuclear division and is required to complete both mitosis and meiosis. Together these processes ensure that genetic information is accurately copied, distributed and packaged into new functional cells capable of sustaining the growth, repair, reproduction and survival of living organisms.
Checks for understanding
[bookmark: _Check_for_understanding_12][bookmark: _Ref231547730]Check for understanding 1 (4.7 PPT)
True or false statements
1. DNA replication must occur before mitosis or meiosis because daughter cells need a complete copy of genetic information.
1. Mitosis produces 4 genetically haploid daughter cells.
1. Without cytokinesis, nuclear division can still occur, but independent daughter cells would not be formed.
1. Meiosis is important for multicellular growth and tissue repair.
1. All 4 processes are essential because the failure of any one process would prevent successful cell division.
Check for understanding 1 sample response
1. True.
False. That is meiosis; mitosis produces 2 genetically identical diploid cells.
True. 
False. That is mitosis; meiosis produces gametes for sexual reproduction.
True.


[bookmark: _Toc243058808]Evidence base
This resource contains NSW Curriculum and syllabus content. The NSW Curriculum is developed by the NSW Education Standards Authority (NESA). This content is prepared by NESA for and on behalf of the Crown in right of the State of New South Wales. The material is protected by Crown copyright.
Please refer to the NESA Copyright Disclaimer for more information https://www.nsw.gov.au/education-and-training/nesa/copyright.
NESA holds the only official and up-to-date versions of the NSW Curriculum and syllabus documents. Please visit NESA https://www.nsw.gov.au/education-and-training/nesa and NSW Curriculum https://curriculum.nsw.edu.au.
Biology 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2025.
Amgen Foundation (2024) 3. The Structure of DNA - LabXchange [simulation], LabXchange, accessed 27 May 2026.
AWS (Amazon Web Services) (n.d.) Cell Division: Mitosis and Meiosis [simulation], AWS, accessed 2 June 2026.
BioNinja (n.d.) Nitrogenous Bases, BioNinja, accessed 27 May 2026.
——(n.d.) Prokaryotic vs Eukaryotic DNA, BioNinja, accessed 28 May 2026.
Bleichert F (2023) ‘The importance of DNA replication’, Journal of Genetics and DNA Research, 7(5), accessed 28 May 2026.
Byjus (n.d.) Deoxyribose Nucleic Acid or DNA, Byjus, accessed 28 May 2026.
——(n.d.) Difference between germ cells and somatic cells, Byjus, accessed 1 June 2026.
CESE (Centre for Education Statistics and Evaluation) (2021) Growth goal setting – what works best in practice, NSW Department of Education website, accessed 26 March 2026.
——(2025) What Works Best 2025, NSW Department of Education website, accessed 26 March 2026.
——(2025) What works best 2025 – practical guides, NSW Department of Education website, accessed 26 March 2026.
Cornell University (2026) Somatic vs. Gametic Cells, Cornell University, accessed 1 June 2026.
Daily Med Ed (8 November 2015) Meiosis - Made Super Easy - Animation [video], Daily Med Ed, YouTube, accessed 3 June 2026.
Dovey G (2025) DNA replication, Teach Me Physiology, accessed 28 May 2026.
Fisher D and Frey N (1 November 2009) ‘Feed Up, Back, Forward’, ASCD (Association for Supervision and Curriculum Development): Educational Leadership magazine, 67(3), accessed 26 March 2026.
Gilchrist DA (2026) Mitosis, NIH, accessed 1 June 2026.
Griffin P (2017) Assessment for Teaching, Cambridge University Press, Victoria.
GTAC (Gene Technology Access Centre) Mitosis in growing root tips, GTAC, accessed 3 June 2026.
Hattie J and Timperley H (2007) ‘The Power of Feedback’, Review of Educational Research, 77(1):81–112, doi:10.3102/003465430298487, accessed 26 March 2026.
Helmenstine A (2023) Meiosis Definition, Diagram, Steps, and Function, Science Notes, accessed 3 June 2026.
Hill MA (2026) Cell Division - Mitosis, UNSW, accessed 2 June 2026.
Khan Academy (n.d.) Learn: DNA structure, Khan Academy, accessed 27 May 2026.
—— (n.d.) Learn: Phases of mitosis, Khan Academy, accessed 2 June 2026.
—— (n.d.) Learn: Phases of the cell cycle, Khan Academy, accessed 2 June 2026.
—— (n.d.) Learn: Meiosis, Khan Academy, accessed 4 June 2026.
LibreTexts Biology (n.d.) 10.2A: Interphase, LibreTexts, accessed 2 June 2026.
NESA (NSW Education Standards Authority) (2023) ‘Data Book: Science 7–10’, Teaching resources, NESA website, accessed 26 March 2026.
NIH (National Human Genome Research Institute) (2026) Phosphate Backbone, NIH, accessed 27 May 2026.
Nucleus Biology (11 November 2021) Meiosis [video], Nucleus Biology, YouTube, accessed 3 June 2026.
Panadero E and Jonsson A (2013) ‘The use of scoring rubrics for formative assessment purposes revisited: A review’, Educational Research Review, 9:129–144, doi:10.1016/j.edurev.2013.01.002, accessed 26 March 2026.
Peebedu (n.d.) DNA Replication Simulator, Peebedu, accessed 2 July 2026. 
Sherrington T (2019) Rosenshine’s Principles in Action, John Catt Educational Limited, Woodbridge.
Wiliam D (2017) Embedded Formative Assessment, 2nd edn, Solution Tree Press, Bloomington, IN.
Yourgenome (26 June 2015) ‘DNA replication – 3D’ [video], yourgenome, YouTube, accessed 28 May 2026.




© State of New South Wales (Department of Education), 2026
The copyright material published in this resource is subject to the Copyright Act 1968 (Cth) and is owned by the NSW Department of Education or, where indicated, by a party other than the NSW Department of Education (third-party material).
Copyright material available in this resource and owned by the NSW Department of Education is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0) license.
[image: Creative Commons Attribution license logo.]
This license allows you to share and adapt the material for any purpose, even commercially.
Attribution should be given to © State of New South Wales (Department of Education), 2026.
Material in this resource not available under a Creative Commons license:
· the NSW Department of Education logo, other logos and trademark-protected material
· material owned by a third party that has been reproduced with permission. You will need to obtain permission from the third party to reuse its material.
Links to third-party material and websites
Please note that the provided (reading/viewing material/list/links/texts) are a suggestion only and implies no endorsement, by the New South Wales Department of Education, of any author, publisher, or book title. School principals and teachers are best placed to assess the suitability of resources that would complement the curriculum and reflect the needs and interests of their students.
If you use the links provided in this document to access a third-party's website, you acknowledge that the terms of use, including licence terms set out on the third-party's website apply to the use which may be made of the materials on that third-party website or where permitted by the Copyright Act 1968 (Cth). The department accepts no responsibility for content on third-party websites.

image49.jpeg
A 2nd division
Non-random  Random

DNArepication  segregation  segregation

inlabeliree
New DNAlabeleg fstdivision  ™edim
Guring asymmetic _./v

.*.\.
Bl
B 'segregation

Labelfree chase for
many cell cycles o

New DNAlabeled -

during symmetric

division /

‘»‘

Ulablog | Labolod Diflerentiated Stom
hromosome | chromosome. cell cal

Random
segregation

Allthe strands
become labeled





image50.jpeg
Prophase |

Prophase Il

Metaphase |

Metaphase Il

Anaphase |

Anaphase Il

/

Telophase |

Nl

4

Telophase Il

Interkinesis

Products (4 haploid cells)





image51.jpeg
Prophase | Metaphase | Telophase | Interkinesis

Prophase Il Metaphase I Telophase Il Products (4 haploid cells)





image52.jpeg
Prophase |

Prophase Il

Metaphase |

Metaphase Il

Anaphase |

Anaphase Il

Telophase |

T

Telophase Il

Interkinesis

Products (4 haploid cells)





image53.png
n Grasshopper Testes
(Each image shows spermatocytes at a different stage)

5. Telophase | &
Cytokinesis

1. Interphase 2. Prophase | 3. Metaphase | 4. Anaphase |

Nucleus intact; chromatin Chromosomes condense; Homologous chromosome Homologous chromosomes Two haploid cells form;
diffuse; DNA has replicated. homologous chromosomes pairs align at the equatorial separate and move to chromosomes remain
pair (synapsis) and crossing plate. opposite poles. duplicated.
over occurs.

9. Telophase Il &
6. Prophase Il 7. Metaphase Il 8. Anaphase Il Cytokinesis

In each haploid cell, Chromosomes align Sister chromatids separate Four haploid cells form; Four genetically distinct
chromosomes condense individually at the equatorial  and move to opposite poles  chromosomes decondense; haploid spermatids result
again; nuclear envelope plate in each cell. in each cell. nuclear envelopes reform. from meiosis.

breaks down.




image54.png
Chromosome

Free nucleotides DNA polymerase

‘( D Leading strand
/ q ‘

gm”me) Lagging -

strand r
Replication r

fork

@ Adenine l]_l_l

@@= Thymine
@== Cytosine
@ Guanine

DNA polymerase Original (template) DNA strand




image55.png
MITOSIS

2 Diploid
Daughter Cells

)

Diploid
Parent Cell

@)L

MEIOSIS
4 Haploid
Daughter Cells
Diploid
Parent Cell

»




image56.png
porent
aa

Cytokinesi
Acleavage furrow forms and s parenteet

pinched inward until the e —_
parent cellsplits into two

doughter cells.

daugnter
cals

eavoge furow
cleavage urrow

parenteell

Cytokinesis in plant cells
Acellplate forms and expands cellwal ar i
toform abarrier betweenthe  prentcan
two nuclel, forming Into a cell
wall and splitting the parent
cellinto two daughter cells.

celllote

celipiate





image2.png




image1.png
4.1 Conceptual big picture

The cell division content grouping

DNA structure

DNA replication

Mitosis and cytokinesis Meiosis and cytokinesis

Why it is all important

-
-




image6.png
Key




image7.png
Base pairs

[—

5'end Tend

— Sugar
phosphate
backbone

Double

helix

'
= e————
structure \ .
of DNA
a—
A—
—
—
-
—
~—
—
-
-
Am—
——
—
v
a
—
"
——
-
-
A—

Deoxyribose
<—7 sugar

Sugar
phosphate
backbone
T . | |
P 3'end
OH
«"

Complementary
base pairs

Hydrogen
bond

Complementary
base pairs
T

Nucleotide

Nitrogenous base

xa4a bases
(o]

Hydrogen
bonds

u Nitrogenous

Phosphate

Nucleotide

O

Deoxyribose sugar




image8.png
4.1 Check for understanding 1

Match the term to its definition.

Word bank
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The two strands of DNA run in
opposite directions, with one strand
oriented opposite to the other.

A weak bond that holds
complementary bases together
between the two DNA strands.
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sugar and phosphate molecules that
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4.4 Somatic and gametic cells (1 of 2)

Consolidating understanding

Below are 6 statements. Sort them into the correct column of the table, then answer the question below the table.

Statement Somatic cell Gametic cell Both

Contains genetic material packaged as chromosomes.

Contains 23 chromosomes in humans.

Diploid (2n).

Role is sexual reproduction.

Contains a nucleus with genetic information.

Role is growth, repair and maintenance.

A somatic cell and a gametic cell both contain genetic information, yet they perform completely different roles.

Using the table above, write one sentence that explains why this is the case.
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4.4 Somatic and gametic cells (2 of 2)

Consolidating understanding

Below are 6 statements. Sort them into the correct column of the table, then answer the question below the table.

Statement Somatic cell Gametic cell Both
Contains genetic material packaged as chromosomes. X
Contains 23 chromosomes in humans. X
Diploid (2n). X
Role is sexual reproduction. X
Contains a nucleus with genetic information. X
Role is growth, repair and maintenance. X

A somatic cell and a gametic cell both contain genetic information, yet they perform completely different roles.

Using the table above, write one sentence that explains why this is the case.
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[The cell carries out its normal functions, grows and prepares for division. Interphase is the longest stage of the cell
cycle and includes G, S and G,. During the S phase, DNA replication occurs, producing identical copies of the
genetic information that will later be distributed during mitosis.

Chromatin condenses into visible chromosomes, each consisting of 2 identical sister chromatids joined by a
centromere. The nuclear membrane breaks down and spindle fibres begin to form, preparing the chromosomes
for separation.

Spindle fibres attach to the centromeres and the chromosomes align along the equator (middle) of the cell. This
arrangement helps ensure the chromosomes can be separated evenly so that each future daughter cell receives a
complete set of chromosomes.

[The spindle fibres pull the sister chromatids apart and move them towards opposite poles of the cell. This

sseparates the duplicated DNA into 2 identical sets of genetic information.

[The separated chromosomes reach opposite poles and new nuclear membranes form around each set. The

chromosomes begin to uncoil back into chromatin, producing 2 genetically identical nuclei.

[The cytoplasm divides and the cell separates into 2 identical daughter cells. Each daughter cell contains the same

chromosome number and genetic information as the original parent cell, producing genetically identical somatic

cells that can contribute to growth, repair and other body functions.
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4.5 Check for understanding 1

Match the phase to its role.

Word bank
G, phase Synthesis
M phase Interphase

G, phase

G, S and G; together form this
phase.

The cell grows, carries out normal
functions and produces the materials
needed for later division.

4

The cell continues growing and
checks that DNA replication has
been completed successfully before
division occur.

4

Chromosomes are separated equally
and the cell divides producing 2
identical haploid daughter cells.

The DNA is replicated.
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4.5 Check for understanding 1

Match the phase to its role.
G,, S and G, together form this

Interphase phase.

The cell grows, carries out normal
functions and produces the materials
needed for later division.

The cell continues growing and
Word bank checks that DNA replication has

been completed successfully before
division occur.

Chromosomes are separated equally
and the cell divides producing 2
identical haploid daughter cells.

Synthesis The DNA s replicated.





image45.png
Meiotic
products

Meiosis Il

Interphase

Gametes





image46.png
interphase _

Adiploid cell
(2n) with intact
nuclear
memTane.

DNA
replication has
occurred
during the S
phase of
interphase.

Chromatin is
visible,
chromosomes
not yet
condensed.

Meiosis II

Proph: 1 I h: I Teloph & Proph n 1} Anaph: L}
The cytokinesis
Chromosomes Spindle fibres chromosome Each Chromosomes  Spindle fibres Each
condense. attached to number at the ~ chromosome = condense in attached to chromatid is
The nuclear centromeres end of this still consists of  each cell. centromeres now counted
membrane of step at each 2 sister _ New spindle of asa
begins to chromosomes.  pole is haploid chromatids. fibres form. chromosomes.  chromosome.
break down. (n (i/\,;
- . - - - TR
(e
Homologous Homologous - - .
pairing of pairing lined Homologous Cytokinesis The 2 cells are  Individual Sister
chromosomes up in the chromosomes occurs where . haploid. chromosomes  chromatids
(bivalents). centre of the are separated the cell is split line up at the are separated
cell (equator). and moved to into 2 haploid equator at the
Note that one The opposite poles  cells. (middle) of centromere in
chromosome orientation of ~ (Sister each cell. each cell.
in each pair is the chromatids The 2 cells are
paternal (blue) homologous ~ femain joined) - genetically This ocours Spindle fibres
and maternal pairs is this is random different to simultaneousl  pull
(pink). random — segregation. each other. y in both cells. chrom_atids to
independent opposite
assortment. poles.

Meiotic
products
Telophase I
& cytokinesis
Nuclear Gametes

membranes
form in each
cell. /

Cytokinesis\
occurs where4
genetically

unique haploid
(n) cells are
produced.

These cells
will mature
into gametes.

312




image47.jpeg
Homologous Chromatd

chromosormes crossover
aligned
A a a A a
8 b b B b
c ¢ ¢ c c

Recombinant
chromatids

Non-recombinant
chromosomes




image48.png




image3.png




image4.png
NSW

GOVERNMENT





image5.svg
                              


