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GRADE 11F: Biology 4 

Biological basis of inheritance 

About this unit 
This unit is the fourth of six units on biology for 
Grade 11 foundation. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12F and 
Grade 10F. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

 

 

 

Previous learning 
To meet the expectations of this unit, students should already know and 
understand the structure and function of chromosomes and that 
chromosomes carry DNA. They should know that somatic cells have the 
diploid (2n) number of chromosomes and gametes the haploid number (n). 
They should know that sexual reproduction is a mechanism for passing 
genetic materials from one generation to another. They should understand 
why male and female gametes differ in size, number and motility. They 
should be able to identify causes of variation within populations and 
distinguish between continuous and discontinuous variation. 
 

Expectations 
By the end of the unit, students know the nature of homologous 
chromosomes. They describe mitosis and meiosis and recognise the 
chromosome configurations in different stages. They understand how 
mitosis enables a constant number of chromosomes to be passed from cell 
to cell while meiosis enables a constant number to be passed from 
generation to generation. They know the difference between genes and 
alleles and that they are sections of DNA. They understand that changes in 
DNA bases cause variation. They know causes of mutation. They 
understand that a mutation causes a change in DNA and that this can 
reduce the efficiency of or block an enzyme. 

Students who progress further understand how genetic variation occurs 
through allele segregation and chromosome cross-overs. They understand 
how sex is determined in humans and the mechanism of sex linkage. They 
understand the difference between dominant and recessive alleles and 
calculate genotype and phenotype frequencies in monohybrid crosses. 
 

Resources 
The main resources needed for this unit are: 
• microscopes, slides of mitosis and meiosis 
• video camera attached to microscope with monitor 
• video of mitosis, meiosis and DNA 
• DNA model and simple modelling materials 
• micrographs of mitosis and meiosis 
• coloured push-fit beads 
• coloured children’s modelling clay 
• sets of cards of stages of mitosis and meiosis 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• homologous chromosomes, chromatids 
• mitosis, meiosis 
• interphase, prophase, metaphase, anaphase, telophase 
• bivalent 
• mutation 
• Human Genome Project 

UNIT 11FB.4 
9 hours 
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Objectives for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10F.11.1 Describe a chromosome and know 
that chromosomes carry DNA and 
that all somatic cells are diploid (2n), 
and have a double set of 
chromosomes, while gametes are 
haploid (n), having a half set of 
chromosomes. 

11F.10.1 Explain the significance of organisms having a set of homologous 
chromosomes. 

12F.11.1 Explain the terms gene, allele, 
phenotype, genotype, dominant, 
recessive and co-dominant. 

 

 11F.10.2 Recognise and describe the behaviour of chromosomes during mitosis and 
explain how this enables a constant number of chromosomes to be passed 
from cell to cell. 

 

12F.11.3 Explain how variation occurs through 
segregation of alleles during gamete 
formation and through the crossing 
over of chromosome segments during 
meiosis. 

12F.11.2 Use genetic diagrams to solve genetic 
problems involving monohybrid 
crosses. 

10F.11.2 Know that sexual reproduction allows 
genetic material to be passed from 
one generation to the next and 
understand why the sex cells of 
males and females differ in size, 
number and motility. 

11F.10.3 Recognise and describe the behaviour of chromosomes during meiosis 
and explain how this enables a constant number of chromosomes to be 
passed from generation to generation. 

12F.11.4 Know how X and Y chromosomes 
determine sex in humans and the 
inheritance pattern of sex-linked 
characteristics. 

3 hours 

Understanding 
cell division by 
mitosis 
 

3 hours 

Understanding 
meiosis 
 

3 hours 

Understanding 
genetic 
inheritance 

10F.12.1 Identify environmental and genetic 
causes of variation and distinguish 
between continuous and 
discontinuous variation within a 
population. 

11F.11.1 Know that a base sequence in a location on DNA forms a gene and that 
different functional base sequences at that location form alleles of that 
gene; know that differences in the base sequences of DNA of the 
individuals of a species result in variation. 

 

  11F.11.2 Know some causes of mutation and that a mutation is a change in the base 
sequence of DNA that can lead to changes in protein structure, which in 
turn can reduce the efficiency of or block an enzyme action. 
 

 

Unit 11FB.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduce this topic by having a quiz to reinforce previous knowledge and consolidate the 
chromosome work completed in Unit 10FB.5. 

Discuss with students why the genetic information is organised into chromosomes in the cell. 
Ensure they appreciate that the genome is only manageable for cell division because the genes 
are packaged into discrete paired structures – homologous chromosomes. Replication and 
distribution of so many genes is only made possible by the possession of homologous 
chromosomes. 

 Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Ask students to work in pairs. Give each individual in a pair the same number of different 
coloured push-fit beads. Ensure that each has the same number of each colour. Different pairs 
can have different numbers of beads. Tell them each bead represents one gene. Now ask each 
student to make one chromosome using the beads. When they have finished, ask each pair to 
compare their chromosomes. Are they alike? Are they homologous? Discuss the need for cells 
to have homologous chromosomes: it enables the total complement of genetic information to be 
passed from cell to cell without omission or duplication in mitosis. Finish the exercise by asking 
students to produce homologous pairs of chromosomes and then collect them together to 
discuss the class results. 

Enquiry skill 11.3. 4 

 

 

Use the chromosomes made from the beads to simulate the behaviour of chromosomes in 
different stages of mitosis. Ask students, working in groups of four, to show their chromosomes 
in one of the stages of mitosis. For example, the first group could illustrate chromosome 
behaviour in prophase, the second group metaphase, the third group anaphase. Then gather 
the whole class together around each stage in turn and ask a spokesperson from each group to 
explain the significance of the chromosome behaviour displayed. 

Tell students to use their textbooks to find out how many chromosomes are in each cell of their 
body. Clarify which cells they are referring to and ensure they are all familiar with the difference 
between somatic cells and gametes (Standard 10F.11.1). 

Ask students to explain why somatic cells (all body cells except the reproductive cells) have a 
double set of chromosomes. Ensure they understand that one set is inherited from each parent. 

Let students, working singly or in pairs, observe human cells or cells from other organisms 
under the microscope to view the chromosomes.  

Show students micrographs of the human karyotype and discuss their observations. 

Enquiry skill 11.3. 4 
 
 
 
 
 

 
 
 

 
 

Students will need microscopes and prepared 
slides of cells showing chromosomes. 

 

3 hours 

Understanding cell 
division by mitosis 
Explain the significance of 
organisms having a set of 
homologous chromosomes. 

Recognise and describe the 
behaviour of chromosomes 
during mitosis and explain 
how this enables a constant 
number of chromosomes to 
be passed from cell to cell. 

Show students fruit flies (Drosophila melanogaster) in a tube. A diagram of fruit flies would be a 
less effective alternative. Ask students whether they know how many chromosomes the fruit fly 
has. Use this example to introduce the concept of the number of chromosomes varying with 
species. To confirm this point, ask students to find out the number of chromosomes of a range 
of different organisms using the library or Internet. Discuss their findings later. 

ICT opportunity: Use of the Internet.  

Unit 11FB.4 
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Objectives Possible teaching activities Notes School resources 

Discuss with students the importance of cell division. Emphasise that the ability of organisms to 
reproduce their kind is the one phenomenon that best distinguishes life from nonliving material. 

(An analogy using the photocopier is useful here. The cell not only replicates itself, it also 
replicates the mechanism of replicating itself. It is as if when you copy something on a 
photocopier, you make not just a copy of what is on the paper but of the photocopier too!) 

  

Show students a video of the process of mitosis in time-lapse to ensure they appreciate it is a 
continuous process and do not think of it as a set of discrete events because of association with 
the still pictures that are commonly used to describe the main stages of the process. 

Provide each pair of students with an A3-size sheet of paper with an outline of the shape of 
cells in each stage of mitosis in the correct sequence. Ask students either:  
• to colour and cut out a pair of homologous chromosomes (in paper, card or OHT) and stick 

them on the diagrams to show the chromosomes’ behaviour through a mitotic cycle; 
or 
• to draw in the details themselves for one pair of chromosomes or, for the quicker students, 

two or more pairs of chromosomes. 

Ensure students appreciate that each chromosome consists of two chromatids containing 
duplicated DNA. The faithful replication process in interphase has resulted in the successful 
production of a complete new set of duplicated genes. Accurate copying ensures the continuity 
of the genetic line. 

Let students make model chromosomes using children’s modelling clay. 

Help students to produce their own video of the process of mitosis. They could use time-lapse 
photography to produce an animation showing the movement of their model 
chromosomes/chromatids. 

 
 
 

 
 

 
 

 
 
 

 
 
 
 
Students will need modelling clay in different 
colours. 

ICT opportunity: Use of video and time-lapse 
photography. 

Enquiry skill 11.3.4 
 

 

 

3 hours 

Understanding meiosis 

Recognise and describe the 
behaviour of chromosomes 
during meiosis and explain 
how this enables a constant 
number of chromosomes to 
be passed from generation 
to generation. 

 

Show students a video of the process of meiosis in time-lapse to ensure they appreciate it is a 
continuous process and do not think of it as a set of discrete events because of association with 
the still pictures that are commonly used to describe the main stages of the process. Stop the 
video at strategic points to explain what is happening or to ask students questions about what is 
happening. Ask them to explain how meiosis is different from mitosis. 

Compare and contrast the unique behaviour of chromosomes in the earliest phase of meiosis, 
first prophase, producing bivalents, compared with the prophase of mitosis. 

Show the class a series of photographs (temporarily numbered) of the process of meiosis which 
have been arranged in the correct order. Discuss the details by showing the same photographs 
as OHT slides. 

Mix up a sequence of photographs of meiosis and add numbers to these; ask students, working 
in pairs, to write down the correct sequence of numbers. 

Ask students to produce a flow chart of the process of meiosis. 

Ask students to match statements about meiosis with the specific stage of meiosis by having 
two sets of cards: one set of the stages and another set with the statements (e.g. statements 
such as ‘homologous chromosomes form a bivalent’, ‘homologous chromosomes separate’). 

You could also refer to chiasmata here, although 
this is not fully covered until Unit 12FB.5 
(Standard 12F.11.3). 
 
 

 
 

Printed photographs and OHT slides of the 
stages of meiosis are required. 
 

Enquiry skill 11.3.4 
 

 

Prepare suitable sets of cards on meiosis. 

Enquiry skill 11.3. 4 
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Objectives Possible teaching activities Notes School resources 

Ask students to produce a poster (working individually) or a wall chart (working in pairs or small 
groups) of the process of meiosis. 

In this activity students use chromosomes made from beads to simulate the behaviour of 
chromosomes in different stages of meiosis. Ask students, working in groups of four, to show 
their chromosomes in one of the stages of meiosis. For example, the first group could illustrate 
chromosome behaviour in prophase I, the second group metaphase I, the third group 
anaphase I. Then gather the whole class around each stage in turn and ask a spokesperson 
from each group to explain the significance of the chromosome behaviour displayed. 
Alternatively, ask each group of students to show the chromosome behaviour at the same stage 
of meiosis in turn and compare the results at each stage. 

Instead of using coloured beads you could ask each group of students to make model 
chromosomes from children’s modelling clay and demonstrate the behaviour of chromosomes 
in meiosis. 

Help students to produce their own video of the process of meiosis. They could use time-lapse 
photography to produce an animation showing the movement of their model 
chromosomes/chromatids. 

Provide the same mixtures of coloured push-fit 
beads to each pair of students. 
 
 
 
 
 
 

Students will need modelling clay in different 
colours. 

Enquiry skill 11.3. 4 

ICT opportunity: Use of video and time-lapse 
photography. 

Enquiry skill 11.3. 4 

 

Let students, working individually or in pairs, use microscopes to examine the stages of meiosis 
under high-power magnification. Ask them to record different stages of meiosis. Use a video 
camera attached to the microscope to demonstrate the slide on a monitor. 

Students will need microscopes and a suitable 
slide (e.g. squashed locust testis sample, or 
section of rat testis). 

 

Explain to students how the first meiotic division results in the reduction of the chromosome 
number by half and also how the random assortment of chromosomes results in the production 
of genetic variation in the gametes. Meiosis results in gametes that have half the number of 
chromosomes and possess a unique genotype. The production of such gametes by meiosis 
enables a constant number of chromosomes to be passed on from generation to generation.  

Ask students to write down why meiosis is such an important process in life. Also ask them to 
draw and annotate a simplified human life cycle to illustrate and explain the involvement of both 
meiosis and mitosis in the life cycle. 
 

You could also refer to chiasmata here, although 
this is not fully covered until Unit12FB.5 
(Standard 12F.11.3). 
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Objectives Possible teaching activities Notes School resources 

Reinforce previous knowledge by giving students a quiz on DNA structure and replication. 

Ask students to work individually to make a model of DNA using everyday materials (e.g. paper, 
cardboard, wire). 

Involve the class in a cooperative project in which they each produce a short length of DNA that 
are then joined together to form a longer length of DNA. Discuss the DNA model and use it to 
identify individual genes and gene loci.  

If you ask two or more individuals to make a DNA model consisting of the same number of 
bases but differing by only one base pair in the sequence you will have other possible options. 
• Students could use these DNA model sections to represent alleles at the same gene locus. 

Discuss the significance of alleles in producing genetic variation. Discuss an example of 
multiple alleles, such as blood groups involving A, B, and O alleles, with the class. 

• Students could use these DNA model sections to represent a gene mutation. Discuss the 
significance of this mutation with the class. In particular, a change in the DNA results in 
genetic variation. Recall work in Unit 10FB.1 on protein synthesis. Give examples of gene 
mutations involving a single base difference (e.g. sickle cell gene). 

Review Unit 10FB.4 concerning the structure 
and function of DNA. 

Students will need a variety of modelling 
materials (e.g. coloured paper, cardboard, wire, 
scissors, glue). 

Enquiry skill 11.3.4 

 

 3 hours 

Understanding genetic 
inheritance 
Know that a base sequence 
in a location on DNA forms a 
gene and that different 
functional base sequences at 
that location form alleles of 
that gene; know that 
differences in the base 
sequences of DNA of the 
individuals of a species result 
in variation. 

Know some causes of 
mutation and that a mutation 
is a change in the base 
sequence of DNA that can 
lead to changes in protein 
structure, which in turn can 
reduce the efficiency of or 
block an enzyme action. 

Provide each student with a DNA sequence of the coding strand of at least 30 bases. Also provide 
them with a chart of mRNA triplet base codes for amino acids and ask them to work out the amino 
acid sequence. Discuss students’ answers. Next, tell students to change just one base in the DNA 
sequence and carry out the same determination of the amino acid sequence. Discuss the results. 
Determine whether such a base change in the cell would be likely to be beneficial or harmful. 
Assuming this DNA was coding for an enzyme, discuss the possible outcome of this base change with 
students. For example, the incorrect amino acid in the protein may result in the incorrect shape of the 
active site of the enzyme. (The tertiary shape of the protein/enzyme may be altered: see Unit 10FB.1.) 
The outcome of such a mutation therefore may prevent or significantly reduce enzyme action. 

Demonstrate using the OHP. Cut out OHT templates of DNA nucleotides and use them as 
building blocks to illustrate the structure of DNA base pairing. You can then substitute a single 
base pair to represent the incorrect mutated sequence to compare with the ‘normal’ DNA. 
Discuss and explain the illustrations you are demonstrating. 

Find a chart of mRNA triplet base codes for 
amino acids. The students’ textbook may 
contain this. 
 
 
 
 
 
 

Prepare OHT templates of DNA nucleotides. 

 

 Ask students to use their textbooks and the library or Internet to discover some of the causes of 
mutation. Suggest that, individually, they research the Internet to find out the causes of 
mutations and the incidence of cancers in specific case studies. For example: 
• radiation leakages (e.g. the incidences of cancers at and around Chernobyl); 
• use of chemicals such as dioxins (Agent Orange in the Vietnam war).  

Ask students, working individually, to produce a poster of the structure of DNA. For example, 
they could show a piece of normal DNA and then add a diagram illustrating a mutated portion of 
the same DNA after exposure to an environmental hazard. Mutation, the cause of genetic 
variation, could be illustrated and its outcome explained by the impaired synthesis of proteins. 

Show students a model and a video of the structure of the DNA molecule. 

Ask students to use their textbooks and the library or Internet to find out about the human 
genome and write a brief report on the Human Genome Project. Discuss the Human Genome 
Project in class. 
 

ICT opportunity: Use of the Internet. 

Enquiry skill 11.1.8 
 
 
 

Enquiry skill 11.3.4 
 
 
 

 

ICT opportunity: Use of the Internet. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Draw labelled diagrams showing the behaviour of a pair of homologous chromosomes in: 

a. metaphase of mitosis; 

b. metaphase of meiosis. 

  

Describe how the behaviour of chromosomes in the first prophase of meiosis may lead to a 
halving of the chromosome number and genetic variation. 

  

Arrange the accompanying micrographs of mitosis in the correct order and label the stages. Supply suitable micrographs.  

Explain the relationship between DNA, genes, alleles and variation.   

a. What is a mutation? Describe some of the causes of mutation. 

b. Explain how a mutation may cause a problem for enzyme action. 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Outline the importance of (a) mitosis and (b) meiosis in the human life cycle. Explain where and 
when the processes occur and what role each has in human health and/or survival. 
 

  

 

 

Unit 11FB.4 
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