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Introduction

Cells are the basic units of life, and understanding their structure and genetic components is
essential for anyone studying crop genetics and breeding. Just as a house cannot stand without its
foundation, crops cannot thrive without the cellular and genetic processes that underpin their
growth and reproduction. This Series will provide you with the fundamental knowledge needed
to appreciate how cells, chromosomes, genes, and cell division form the basis of plant breeding
and crop improvement.

The aim of this Series is to introduce you to the essential concepts of cell biology and genetics,
equipping you with the ability to explain cell structures, describe chromosomes and genetic
material, analyse the role of genes and mutations, and evaluate the processes of mitosis and
meiosis in inheritance.

We shall commence this Series by exploring the structure and components of plant cells,
highlighting the functions of organelles and the differences between plant and animal cells. Next,
we will examine chromosomes and genetic material, focusing on their organisation, variations,
and the processes of linkage and crossing over. Subsequently, we will consider genes and
mutations, looking at their role in populations and their importance in crop genetics. Finally, we

will wrap up by studying cell division processes, comparing mitosis and meiosis, and discussing
their significance in inheritance and crop breeding.

Series Learning QOutcomes

Upon completing this Series, you should be able to:
SLO 1.1 define the structure and major components of plant cells,
SLO 1.2 explain the functions of key cell organelles and distinguish between plant and animal cells,
SLO 1.3 describe the‘organisation and structure of chromosomes,

SLO 1.4 analyse variations in chromosome number and explain the processes of linkage and crossing
over,

SLO 1.5 explain the concept of genes in populations and identify different types of mutations,
SLO 1.6 evaluate the role of mutations in crop genetics and breeding,

SLO 1.7 demonstrate the stages of mitosis and explain its significance in growth and repair,
SLO 1.8 illustrate the stages of meiosis and evaluate its role in inheritance, and
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SLO 1.9 compare mitosis and meiosis, highlighting their differences and relevance to crop breeding.

1.1 Cell Structure and Components

1.1.1 Overview of plant cell structure

A cell is the basic structural and functional unit of life. In plants, cells are enclosed by a rigid cell
wall, which provides support and protection. Inside the cell wall lies the cell membrane, a thin
layer that regulates the movement of substances in and out of the cell. The interior of the cell is
filled with cytoplasm, a jelly-like substance that houses various organelles, each performing
specialised functions.

Fill in the blank: The jelly-like substance that houses organelles inside thecell is called

-
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Figure 1.1 Structure of a typical plant cell

1.1.2 Functionsief'major cell organelles

Each organelle within the plant cell has a specific role. The nucleus acts as the control centre,
storing genetic material and directing cell activities. Mitochondria are the powerhouses,
producing energy through respiration. Chloroplasts contain chlorophyll and are responsible for
photosynthesis, enabling plants to produce food. Vacuoles store water, nutrients, and waste
products, helping maintain cell shape. Other organelles such as the endoplasmic reticulum and
Golgi apparatus are involved in protein and lipid synthesis, as well as packaging and transport.

Fill in the blank: The organelle responsible for photosynthesis in plant cells is the
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1.1.3 Differences between plantand animal cells

Although plant and animal cells share many similarities, there are distinct differences. Plant cells
have a cell wall, which animal cells lack. They also contain chloroplasts for photosynthesis,
whereas animal cells do not. Plant cells typically have a large central vacuole, while animal cells
have smaller, scattered vacuoles. These differences reflect the unique roles of plants in producing
food and maintaining ecological balance.

Fill in the blank: Unlike animal cells, plant cells possess a rigid that provides
structural support.
Feature Plant Cells Animal Cells
Cell wall Present (rigid, made of cellulose) Absent
Chloroplasts.  Present (site of photosynthesis) Absent
Large central vacuole for storage and maintaining Small, temporary vacuoles (if
Vacuoles
turgor pressure present)
Shape Generally rectangular or fixed due to cell wall GenF: rally round, irregular, or
flexible
Energy storage Store energy as starch Store energy as glycogen
L Rare or absent (functions often carried out by .
ysosomes Present and prominent
vacuoles)
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Feature Plant Cells Animal Cells
Centrioles Usually absent (except in lower plant forms) Present, play key role in cell division

Mode of Heterotrophic (depend on external

nutrition Autotrophic (produce food via photosynthesis) food sources)

Table 1.1 Key differences between plant and animal cells

Pilot questions 1.1
The jelly-like substance that houses organelles inside the cellis called
The organelle responsible for photosynthesis in plant cells is the
Name the organelle that acts as the control centre of the cell.
Unlike animal cells, plant cells possess a rigid

State one difference between plant and animalwvacuoles.

1.2 Chromosomes and-Genetic Material

1.2.1 Structure.and organisation of chromosomes

Chromosomes are thread-like structures found in the nucleus that carry genetic information in
the form of DNA. Each chromosome is made up of DNA tightly coiled around proteins called
histones, which help maintain its shape and regulate gene activity. Chromosomes ensure that
genetic material is accurately passed from one generation of cells to the next.

Fill‘in the blank: The proteins around which DNA coils to form chromosomes are called
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Figure 1.2 Structure and organisation of a chromosome

1.2.2 Chromosome numberand variations

The chromosome number refers to the specific number of chromosomes found in the cells of a
species. For example, humans have 46 chromosomes, while many crop plants have different
numbers depending on their species. Variations in chromosome number can occur due to
processes such as polypleidy, where organisms have more than two sets of chromosomes.
Polyploidy is common in plants and often leads to increased vigour and adaptability.

Fill in the blank: The condition in which organisms have more than two sets of chromosomes is
called
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1.2.3 Linkage and crossing over
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Linkage refers to the tendency of genes located close together on the same chromosome to be
inherited together. This reduces the independent assortment of traits. However, during crossing
over, which occurs in meiosis, sections of homologous chromosomes exchange genetic material.
This process increases genetic variation and is fundamental to crop breeding, as it allows new

combinations of traits to emerge.

Fill in the blank: The process in which homologous chromosomes exchange genetic material

during meiosis is called
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Figure 1.3 Crossing over in homologous chromosomes

Pilot questions 1.2
The proteins around which DNA coils to form chromosomes are called

The condition inwhich organisms have more than two sets of chromosomes is called

What is the specific number of chromosomes in human cells?

Genes located close together on the same chromosome tend to be inherited together. This is
called

The process in which homologous chromosomes exchange genetic material during meiosis is
called
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1.3 Genes and Mutations

1.3.1 Concept of genes in populations

A gene is a unit of heredity made up of DNA that determines specific traits in an organism. In
populations, genes exist in different forms called alleles, which contribute to genetic divetsity.
The distribution of alleles within a population influences how traits are passed on and expressed
in successive generations. This concept is central to crop genetics, as it explains why plants of
the same species may show variations in height, colour, or yield.

Fill in the blank: Different forms of a gene that contribute to genetic diversity are called
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1.8.2 Types and causes of mutations

A mutation is a permanent change in the DNA sequence of a gene. Mutations can occur
naturally or be induced by external factors such as radiation, chemicals, or errors during DNA
replication. They may be classified as point mutations (changes in a single nucleotide),
insertions or deletions (addition or loss of nucleotides), or chromosomal mutations
(large-scale changes affecting chromosome structure). While some mutations are harmful, others
can be beneficial, leading to new traits that may be useful in crop breeding.
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Fill in the blank: A permanent change in the DNA sequence of a gene is called a
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Plate 1.3 Types of mutations in genetic material

\" lJ
B ET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



1.3.3 Role of mutations in crop genetics

Mutations play a significant role in crop genetics by introducing new variations that breeders can
exploit. For example, mutation breeding has been used to develop crop varieties with improved
resistance to diseases, tolerance to environmental stress, or enhanced nutritional quality. By
carefully selecting beneficial mutations, scientists can accelerate crop improvement and meet
agricultural demands.

Fill in the blank: The process of deliberately creating and selecting beneficial mutations in crops
is called breeding.

Crop Improved Traits via Mutation Breeding Examples / Notes
Rice Semi-dwarf stature, higher yield, disease Varieties such as Jagannath and Sharbati Sonora
resistance developed through induced mutations.
Improved protein content, disease Mutant lines with.rust resistance and enhanced
Wheat . . . . .
resistance, shorter growth duration baking quality widely adopted.
Disease resistance, improved shelf life, =~ Mutant varieties resistant to Panama disease and
Bananas _— . ..
tolerance to abiotic stress with enhanced post-harvest qualities.
Barle Early maturity, lodging resistance, Mutant cultivar Diamant became a landmark
Y improved malting quality variety in Europe.
Soybean Modified oil composition for longer shelf Mutation breeding introduced novel genes for

life improved oil stability.

Box 1.1 Examples of mutation breeding in crops

Pilot questions 1.3
Different forms of a gene that.contribute to genetic diversity are called
A permanent change inthe DNA sequence of a gene is called a
Name one external factor that can cause mutations.
What type of mutation involves changes in a single nucleotide?

The process of deliberately creating and selecting beneficial mutations in crops is called
breeding.
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1.4 Cell Division Processes
1.4.1 Mitosis and its significance

Mitosis is the process by which a single cell divides to produce two genetically identical
daughter cells. It ensures that each new cell receives the same number of chromosomes as the
parent cell. Mitosis is essential for growth, tissue repair, and the replacement of worn-out cells in
plants and animals. In crop plants, mitosis supports continuous development, allowing tissues
such as roots, stems, and leaves to expand.

Fill in the blank: The process that produces two genetically identical daughter cells is called
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Figure 1.5 Stages of mitosis in plant cells
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1.4.2 Meiosis and its role in inheritance

Meiosis is a specialised type of cell division that reduces the chromosome number by half,

producing four genetically unique daughter cells. This process occurs in reproductive cells-and is
crucial for sexual reproduction. In plants, meiosis leads to the formation of gametes (sperm and
egg cells) or spores. By introducing genetic variation through recombination and crossing over,

meiosis plays a central role in inheritance and crop breeding.

Fill in the blank: The type of cell division that reduces the chromosome number by half is called
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Plate 1.4 Chromosome behaviour during meiosis

1.4.3 Comparison of mitosis and meiosis

Although both mitosis and meiosis involve cell division, their outcomes are different. Mitosis
produces identical cells for growth and repair, while meiosis produces genetically diverse cells
for reproduction. Mitosis maintains the chromosome number, whereas meiosis reduces it by half.
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These differences highlight why mitosis is important for maintaining plant tissues, while meiosis
is vital for generating diversity in crop breeding programmes.

Fill in the blank: Unlike mitosis, meiosis produces genetically cells that contribute
to variation.

Feature Mitosis Meiosis
Growth, repair, and asexual Formation of gametes (sperm and egg cells) for sexual
Purpose . .
reproduction reproduction
Npmber of One division Two successive divisions (Meiosis I and Meiosis 1I)
divisions
Chromosome Maintains diploid number Reduces chromosome number by half (287=5'n)
number (2n — 2n)
Genetic variation Produces genetically Produces genetically diverse daughter cells due to
identical daughter cells crossing over and independent assortment
Number of
daughter cells Two cells Four cells
Type of cells Somatic (body) cells Gametes (sex cells)
produced
Crossing over Absent Present during Prophase I

Daughter cells identical to

Similarity to parent parent cell

Daughter cells genetically different from parent cell

Table 1.2 Comparison of mitosis and meiosis

Pilot questions 1.4
The process that produces two genetically identical daughter cells is called
The type of cell division that reduces the chromosome number by half is called
Name one stage of mitosis.
What is the main role of meiosis in plants?

Unlike mitosis, meiosis produces genetically cells.
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Series Summary

This Series has introduced you to the fundamental aspects of cell structure and genetics, which
form the foundation for understanding crop breeding. We began by examining the structure and
components of plant cells, highlighting the functions of organelles and the differences between
plant and animal cells. We then explored chromosomes and genetic material, focusing on-their
organisation, variations, and the processes of linkage and crossing over. Following that, we
studied genes and mutations, considering their role in populations, the types and causes of
mutations, and their importance in crop genetics. Finally, we concluded with cell'division
processes, analysing mitosis and meiosis, and comparing their roles in growth, repair, and
inheritance.

By completing this Series, you should now be able to define plant cell structures and organelles,
explain chromosome organisation and variations, analyse the role of genes and mutations, and
evaluate the processes of mitosis and meiosis. In line with the Series Learning Outcomes, you

are equipped to describe, explain, and compare these key concepts, providing a strong foundation
for the more advanced topics that follow in crop genetics and breeding.

Glossary of Terms
Allele: Different forms of a gene that contribute to genetic diversity within a population.

Cell: The basic structural and functional unit of life, enclosed by a membrane and containing
organelles.

Cell membrane: A-thin layer that surrounds the cytoplasm and regulates the movement of substances
in and out of'the cell.

Cell wall: A rigid outer layer found in plant cells that provides support and protection.

Chromosome: A thread-like structure in the nucleus made of DNA and proteins, carrying genetic
information.

Crossing over: The exchange of genetic material between homologous chromosomes during meiosis,
increasing variation.

Cytoplasm: The jelly-like substance inside the cell that houses organelles.
Gene: A unit of heredity made up of DNA that determines specific traits in an organism.

Histone: A protein around which DNA coils to form chromosomes.

-
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Linkage: The tendency of genes located close together on the same chromosome to be inherited
together.

Meiosis: A type of cell division that reduces the chromosome number by half, producing genetically
diverse reproductive cells.

Mitosis: A type of cell division that produces two genetically identical daughter cells, important for
growth and repair.

Mutation: A permanent change in the DNA sequence of a gene, which may be natural or induced.

Mutation breeding: The deliberate creation and selection of beneficial mutations in crops to improve
traits.

Nucleus: The organelle that acts as the control centre of the cell, storing genetic material and
directing activities.

Polyploidy: A condition in which an organism has more than two sets of chromosomes, common in
plants.

Vacuole: A storage organelle in plant cellsthat holds water, nutrients, and waste products, helping
maintain cell shape.

Concept Check Questions [Series 1]

Objective questions

The jelly-like substancelinside the cell that houses organelles is called . (Linked to
SLO 1.1)

The organelleresponsible for photosynthesis in plant cells is the . (Linked to SLO 1.2)

The proteins around which DNA coils to form chromosomes are called . (Linked to
SLO 1.3)

The condition.in which organisms have more than two sets of chromosomes is called
. (Linked to SLO 1.4)

The type of cell division that reduces the chromosome number by half is called
(Linked to SLO 1.8)

Short-answer questions

Explain one difference between plant and animal cells. (Linked to SLO 1.2)

-
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State one external factor that can cause mutations. (Linked to SLO 1.5)

What is the main role of meiosis in plants? (Linked to SLO 1.8)

Describe the significance of mitosis in crop plants. (Linked to SLO 1.7)

What is meant by linkage in genetics? (Linked to SLO 1.4)

Long-answer questions

Analyse the role of mutations in crop genetics, giving examples of how mutation breeding has

improved crop varieties. (Linked to SLO 1.6)

Compare and contrast mitosis and meiosis, highlighting their differences.in purpose,

chromosome number, and genetic variation. (Linked to SLO 1.9)

Evaluate the importance of chromosomes and crossing over in inheritance and crop breeding.

(Linked to SLO 1.4, SLO 1.8)

Answers to Concept Check Questions [Series 1]

Objective questions

Cytoplasm

Chloroplast

Histones

Polyploidy

Meiosis

Short-answer questions

Plant cells have arigid cell wall and chloroplasts, while animal cells lack these structures.

Radiation, chemicals, or errors during DNA replication.

Meiosis produces gametes or spores and introduces genetic variation.

Mitosis supports growth, tissue repair, and the expansion of plant organs such as roots and

leaves.

Linkage is the tendency of genes located close together on the same chromosome to be

-

inherited together.
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Long-answer questions

Basic response: Mutations introduce new traits into crops, some of which may be beneficial.
Mutation breeding has been used to develop varieties with improved disease resistance,
stress tolerance, and nutritional quality.

Value-added response: Beyond the basics, learners may note specific examples such as
rice varieties with improved yield, wheat with enhanced protein content, or bananas
resistant to certain diseases. They may also discuss how induced mutations accelerate
crop improvement compared to natural variation.

Basic response: Mitosis produces two identical cells for growth and repair, while meiosis
produces four genetically diverse cells for reproduction. Mitosis maintains chromosome
number, whereas meiosis reduces it by half.

Value-added response: Outstanding learners may elaborate by describing the stages of
each process, highlighting how crossing over in meiosis increases variation, and
explaining why mitosis is crucial for vegetative growth while meiosis is essential for
breeding programmes.

Basic response: Chromosomes carry genetic material, and crossing over during meiosis
allows exchange of genetic information, increasing variation. This is important for
inheritance and crop breeding.

Value-added response: Learners may expand by explaining how crossing over creates
new allele combinations, which breeders can exploit to develop improved crop varieties.
They may also discuss how chromosome behaviour influences compatibility and fertility
in breeding programmes.

Answers to Pilot Questions [Series 1]

Part 1.4: Cell Structure.and Components

Cytoplasm - The jelly-like substance inside the cell that surrounds and supports the
organelles. It provides a medium for biochemical reactions and helps maintain the internal
environment of the cell.

Chloroplast — The organelle that contains chlorophyll and is responsible for photosynthesis,
enabling plants to produce food from sunlight.

Nucleus - The control centre of the cell, storing genetic material (DNA) and directing cellular
activities such as growth, metabolism, and reproduction.

-
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Cell wall - Arigid outer layer unique to plant cells that provides structural support, protection,

and helps maintain cell shape.

Plant cells typically have a large central vacuole that stores water, nutrients, and waste

Part 1

products, while animal cells have smaller, scattered vacuoles that perform similar but
less extensive functions.

.2: Chromosomes and Genetic Material

Histones - Proteins around which DNA coils to form chromosomes, helping to organise and

regulate genetic material.

Polyploidy — A condition in which organisms have more than two sets of chromosomes. This is

common in plants and often associated with increased vigour and adaptability.

Humans have 46 chromosomes arranged in 23 pairs, whichcarry the genetic information

necessary for development and functioning.

Linkage — The tendency of genes located close together on the same chromosome to be

inherited together, reducing independent assortment.

Crossing over — The process during meiosis inwhich homologous chromosomes exchange

Part 1.

genetic material, increasing genetic variation and contributing to inheritance.

3: Genes and Mutations

Alleles - Different forms of a gene that contribute to genetic diversity within a population.

Mutation - A permanent change inthe DNA sequence of a gene, which may occur naturally or

be induced by external factors.

External factors such as radiation, chemicals, or errors during DNA replication can cause

mutations.

A point mutation involves a change in a single nucleotide within the DNA sequence.

Mutation breeding — The deliberate creation and selection of beneficial mutations in crops to

Part 1.

improve traits such asyield, disease resistance, or stress tolerance.

4: Cell Division Processes

Mitosis — The process of cell division that produces two genetically identical daughter cells,

-

important for growth, tissue repair, and maintenance of plant organs.
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Meiosis — A specialised type of cell division that reduces the chromosome number by half,
producing four genetically diverse reproductive cells.

Stages of mitosis include prophase, metaphase, anaphase, and telophase, each ensuring
accurate distribution of chromosomes to daughter cells.

The main role of meiosis in plants is to produce gametes or spores and introduce genetic
variation through recombination and crossing over.

Unlike mitosis, meiosis produces genetically diverse cells, which contribute to variation in
offspring and are essential for crop breeding programmes.

References and Attributions [Series 1]

This section compiles references, suggested open educational resources (OERs), and Al prompts
used for illustrations in Series 1: Fundamentals of Cell Structure and Genetics.

General References

Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K., & Walter, P. (2015). Molecular Biology of
the Cell (6th ed.). New York: Garland Science.

Brown, T. A. (2016). Genetics: A Molecular Approach (4th ed.). London: Chapman & Hall.

Griffiths, A. J. F., Wessler, S. R., Carroll, S. B., & Doebley, J. (2015). Introduction to Genetic
Analysis (11th ed.). New York: W. H. Freeman.

OpenStax (2016). Biology. Houston, TX: OpenStax CNX. Available at:
https://openstax.org/books/biology

Figures, Plates, Tables, and Boxes
Figure 1.1 Structure of a typical plant cell
Suggested OER source: “plant cell structure labelled diagram OER”

Al prompt: “Generate a labelled diagram of a plant cell showing the cell wall, cell
membrane, cytoplasm, nucleus, and organelles.”

Plate 1.1 Chloroplasts as the site of photosynthesis
Suggested OER source: “chloroplast function photosynthesis plant cell OER”

Al prompt: “Create an image showing chloroplasts inside a plant cell with arrows
indicating photosynthesis.”

Table 1.1 Key differences between plant and animal cells

-
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Suggested OER source: “plant vs animal cell comparison table OER”

Al prompt: “Generate a table comparing plant and animal cells, showing differences in
cell wall, chloroplasts, and vacuoles.”

Figure 1.2 Structure and organisation of a chromosome
Suggested OER source: “chromosome structure DNA histones diagram OER”

Al prompt: “Generate a labelled diagram of a chromosome showing DNA coiled around
histones.”

Plate 1.2 Chromosome number variations in plants
Suggested OER source: “polyploidy chromosome variation plants OER”

Al prompt: “Create an image comparing diploid and polyploid chromosome sets in
plants.”

Figure 1.3 Crossing over in homologous chromosomes
Suggested OER source: “crossing over meiosis. diagram OER”

Al prompt: “Generate a diagramshowing homologous chromosomes exchanging
genetic material during crossing.over.”

Figure 1.4 Alleles as forms of a gene in populations
Suggested OER source: “alleles gene variation population OER”

Al prompt: “Generate a diagram showing a gene with two alleles, illustrating variation in
a plant population.”

Plate 1.3 Types of mutations in genetic material
Suggested OER source: “types of mutations DNA OER”

Al prompt: “Create an image showing point mutation, insertion, deletion, and
chromosomal mutation examples.”

Box 1.1 Examples of mutation breeding in crops
Suggested OER source: “mutation breeding examples crops OER”

Al prompt: “Generate a text box listing examples of crops improved through mutation
breeding, such as rice, wheat, and bananas.”

Figure 1.5 Stages of mitosis in plant cells
Suggested OER source: “mitosis stages plant cell diagram OER”
Al prompt: “Generate a labelled diagram showing the stages of mitosis in a plant cell.”

Plate 1.4 Chromosome behaviour during meiosis

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Suggested OER source: “meiosis chromosome separation plant cell OER”

Al prompt: “Create an image showing homologous chromosomes separating during
meiosis in a plant cell.”

Table 1.2 Comparison of mitosis and meiosis
Suggested OER source: “mitosis vs meiosis comparison table OER”

Al prompt: “Generate a table comparing mitosis and meiosis, showing differences in
chromosome number, genetic variation, and purpose.”

Course code: CPS 304
Course title: Crop Genetics and Breeding

Course credit load: 2 Units

Series 2: Principles of Inheritance and
Evolution

Outline

Part 2.1: Mendelian principles of inheritance
Sub-Part2.1.1: Mendel’s-experiments and laws of inheritance

Sub=Part 2.1.2: Dominant and recessive traits

Sub-Part 2.1.3;: Monohybrid and dihybrid crosses
Part 2.2: Non-Mendelian inheritance patterns
Sub-Part 2.2.1: Incomplete dominance and codominance
Sub-Part 2.2.2: Multiple alleles and polygenic inheritance
Sub-Part 2.2.3: Sex-linked inheritance
Part 2.3: Evolutionary concepts and mechanisms
Sub-Part 2.3.1: Darwin’s theory of natural selection
Sub-Part 2.3.2: Genetic variation and adaptation
Sub-Part 2.3.3: Speciation and evolutionary change
o
B
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Part 2.4: Applications in crop improvement
Sub-Part 2.4.1: Role of inheritance in plant breeding
Sub-Part 2.4.2: Use of evolutionary principles in crop adaptation

Sub-Part 2.4.3: Case studies of crop improvement through inheritance and evolution

Introduction

In the last Series, we explored the fundamentals of cell structure and genetics, laying the
groundwork for understanding how traits are stored and transmitted at the cellular level. Building
on that foundation, this Series turns to the principles of inheritance and evolution, which explain
how traits are passed from one generation to the next and how species adapt and change over
time. These concepts are central to crop genetics and breeding, as they provide insight into both
stability and variation in plant populations.

The aim of this Series is to equip you with the knowledge of inheritance patterns and
evolutionary mechanisms, enabling you to apply these principles to crop improvement and
adaptation.

We shall commence this Series by examining Mendelian principles of inheritance, focusing on
Mendel’s experiments, dominant and recessive traits, and monohybrid and dihybrid crosses.
Next, we will explore non-Mendelian inheritance patterns such as incomplete dominance,
codominance, multiple alleles, and sex-linked traits. Subsequently, we will consider evolutionary
concepts and mechanisms, including natural selection, genetic variation, adaptation, and

speciation. Finally, we will wrap up by discussing the applications of inheritance and evolution
in crop improvement, Supported by case studies that demonstrate their practical relevance.

Series Learning QOutcomes
Upon completing this Series, you should be able to:
SLO 2.1 describe Mendel’s experiments and state the laws of inheritance,
SLO 2.2 explain the difference between dominant and recessive traits,
SLO 2.3 demonstrate how to carry out monohybrid and dihybrid crosses,
SLO 2.4 explain inheritance patterns such as incomplete dominance and codominance,

-
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SLO 2.5 define multiple alleles and analyse their role in polygenic inheritance,

SLO 2.6 describe sex-linked inheritance and its implications in populations,

SLO 2.7 explain Darwin’s theory of natural selection and its relevance to crop genetics,
SLO 2.8 analyse the role of genetic variation and adaptation in evolutionary change,
SLO 2.9 evaluate the processes of speciation and their importance in plant diversity,
SLO 2.10 apply principles of inheritance to plant breeding strategies, and

SLO 2.11 evaluate how evolutionary concepts can be used to improve crop adaptation, supported by
case studies.

2.1 Mendelian Principles of Inheritance

2.1.1 Mendel’s experiments and laws of inheritance

Gregor Mendel, often called the father of geneties, conducted experiments on pea plants to
study how traits are passed from one generation to the next. He observed that certain traits, such
as flower colour and seed shape, followed predictable patterns. From these observations, he
formulated the laws of inheritance, which include the law of segregation and the law of
independent assortment. These laws explain how alleles are separated during gamete formation
and how traits arednherited independently of one another.

Fill in the blank: The scientist regarded as the father of genetics is

-
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MENDEL'S PEA PLANT EXPERIMENTS
AND LAWS OF INHERITANCE
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Figure 2.1 Mendel’s experiments with pea plants

2.1.2 Dominant and recessive traits

A dominant trait is one that is expressed when at least one dominant allele is present, while a
recessive trait is only expressed when both alleles are recessive. For example, in pea plants, the
allele for tall stems is dominant, whereas the allele for short stems is recessive. Mendel’s work
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showed that dominant traits mask recessive ones in heterozygous individuals, but recessive traits
can reappear in subsequent generations.

Fill in the blank: A trait that is expressed only when both alleles are recessive is called a

trait.

Trait Dominant Form Recessive Form
Stem height  Tall Short (dwarf)
Seed shape Round Wrinkled
Seed color Yellow Green
Pod shape Inflated Constricted
Pod color Green Yellow
Flower position Axial (along the stem) Terminal (at the tip)
Flower color  Purple White

Table 2.1 Examples of dominant and recessive traits in pea plants

2.1.3 Monohybrid and dihybrid erosses

A monohybrid cross involves the inheritance of a single trait, while a dihybrid cross examines
the inheritance of two traits simultaneously. Mendel used these crosses to demonstrate the law of
segregation and the law of independent assortment. For instance, crossing pea plants with round
seeds and wrinkled seeds illustrates @ monohybrid cross, while crossing plants with round yellow
seeds and wrinkled green seeds illustrates a dihybrid cross. These experiments revealed
predictable ratios in offspring, such as the 3:1 ratio in monohybrid crosses and the 9:3:3:1 ratio
in dihybrid crosses.

Fill in the blank: The typical phenotypic ratio observed in a dihybrid cross is

-
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Figure 2.2 Monohybrid and dihybrid crosses. in pea plants

Pilot questions 2.1

The scientist regarded as the father of genetics is

A trait that is expressed only. when both alleles are recessive is called a

What is thetypical phenotypic ratio observed in a monohybrid cross?

What is the typical phenotypic ratio observed in a dihybrid cross?

State Mendel’s two main laws of inheritance.
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2.2 Non-Mendelian Inheritance Patterns

2.2.1 Incomplete dominance and codominance

Incomplete dominance occurs when neither allele completely masks the other, resulting in a
blended phenotype. For example, crossing red and white flowers may produce pink offspting. In
contrast, codominance occurs when both alleles are expressed equally, without blending. A
classic example is seen in certain cattle breeds where red and white coat colours appear side by
side. These patterns show that inheritance is not always as straightforward as Mendel’s original
laws suggested.

Fill in the blank: When both alleles are expressed equally without blending, the inheritance
pattern is called

\
LINE 2: COFFEE TO COFFEE
LINE 1: COCOA TO CHOCOLATE ;ﬁ [

T : {1l
PATTERNS OF CODOMINANCE AND INCOMPLETE DOMINANCE | J il |
-4 AT 1. INCOMPLETE DOMINANCE: PINK FLOWERS ’

RW
(Intermediate - Pink)

ERCIRHTT] 2. CODOMINANCE: RED & WHITE CATTLE
* RED ALLELE (Cr)

* WHITE ALLELE (Cw)
ALLELE DISTRIBUTION (1:1)

R CW w
MENDELIAN PATTERNS
CrCw (Codominant - Roan)

TR e—

Figure 2.3 Incomplete dominance and codominance examples

2(2.2 Multiple alleles and polygenic inheritance

Some traits are controlled by more than two alleles, a situation known as multiple alleles. A
well-known example is the ABO blood group system in humans, which involves three alleles (A,
B, and O). In plants, traits such as seed coat colour may also be influenced by multiple alleles.
Meanwhile, polygenic inheritance occurs when a trait is controlled by several genes, each
contributing to the phenotype. Traits such as plant height and grain yield are polygenic, resulting
in continuous variation across populations.
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Fill in the blank: Traits controlled by several genes that contribute to continuous variation are
described as inheritance.

Genetic

Concept Example Description / Impact
. Human ABO blood  Controlled by three alleles (/4, IB, i), producing four blood

Multiple alleles group system types (A, B, AB, O).
Polygemc Plant height Detqrmmed by.th'e combined effect of several genes, leading to
inheritance continuous variation.
Polygenic L Influenced by multiple genes and environmental factors,
. > Grain yield L . .
inheritance resulting in a wide range of productivity levels.

Table 2.2 Examples of traits influenced by multiple alleles and polygenic inheritance

2.2.3 Sex-linked inheritance

Sex-linked inheritance refers to traits determined by genes located on sex chromosomes. In
humans, haemophilia and colour blindness‘are examples of X-linked traits. In plants, sex-linked
inheritance can influence flower colour or fertility. Because males and females have different
combinations of sex chromosomes, the expression of these traits often differs between sexes.
This pattern of inheritance highlights the importance of chromosome location in determining
how traits are passed on.

Fill in the blank: Traits determined by genes located on sex chromosomes are described as
inheritance.

-
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INHERITANCE OF AN X-LINKED RECESSIVE TRAIT: GENERATIONAL PATTERNS AND SEX DIFFERENCES

SCENARIO 1: AFFECTED FATHER (X"Y) & UNAFFECTED MOTHER (XX) SCENARIO 2: CARRIER MOTHER (X"X) & UNAFFECTED FATHER (XY)
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= father mother 5 mother father
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X ® |x
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= th th : XhY « No carrier status i Carrier status common th thh : XhY XY
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RISK ASSESSMENT affected individuals | affected individuals | RISK ASSESSMENT

Figure 2.4 Sex-linked inheritance pattern

Pilot questions 2.2

When both alleles are expressed equally without blending, the inheritance pattern is called

Traits.controlled by several genes that contribute to continuous variation are described as
inheritance.
Give one example of a trait influenced by multiple alleles.

What is meant by sex-linked inheritance?

Name one example of a sex-linked trait in humans.

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



2.3 Evolutionary Concepts and Mechanisms

2.3.1 Darwin’s theory of natural selection

Charles Darwin proposed the theory of natural selection, which explains how species evolve
over time. According to this theory, individuals with traits that give them an advantage in their
environment are more likely to survive and reproduce. Over generations, these advantageous
traits become more common in the population. In agriculture, natural selection helps explain why
certain crop varieties thrive better under specific environmental conditions.

Fill in the blank: The scientist who proposed the theory of natural selection.was

DIAGRAM OF NATURAL SELECTION: VARIATION, SURVIVAL, AND REPRODUCTION
INITIAL POPULATION

(Varying in a Trait: e.g., Speed)

%O?

VARIATION KEY:

(Average Growth)

V3: Dark Green
(Fastest Growth)

SELECTIVE

PRESSURE
(e.g., Scarce Water / Pest)

SELECTIVE PRESSURE
(e.g., Scarce Water / Pest)

PROCESS: SURVIVAL & REPRODUCTION

SURVIVAL

Low Survival

REPRODUCTION

(NON-RANDOM ELIMINATION)  (HERITABLE REPRODUCTION)

V1: Light Green N SEED GENETIC SHIFT
(Slowegt Growth) » x/ X x PROGENY
V2: Medium Green

\ OFFSPRING
ROM SURVIVORS
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Population Generation

Low Survival | 4 pheiy FITNESS RULE
Fast Growth is N
: } : SURVIVAL RULE SEED PROGENY el
: 5 Fast-Growing Plants
feaseee GENETIC VARIATION ENVIRONMENTAL Better Survive the REPRODUCTION NEXT GENERATION
(Mutations & Recombination) CHALLENGE Challenge (HERITABLE REPRODUCTION)  (Shift in Trait Frequency) |
X GENETIC RECOMBINATION (CROSSING OVER) ¥

Figure 2.5 Darwin’s theory of natural selection

2.3:2 Genetic variation and adaptation

Genetic variation refers to differences in DNA sequences among individuals in a population.
This variation is essential for evolution, as it provides the raw material for natural selection.
Adaptation occurs when traits that improve survival or reproduction become more common
over time. In crops, adaptation can be seen in varieties that develop tolerance to drought or
resistance to pests.
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Fill in the blank: Differences in DNA sequences among individuals in a population are referred
to as genetic

; LINE 2: COFFEE TO COFFEE
’— r

ety . --:. = 4 il l i l l
CROP VARIETIES ADAPTED TO DROUGHT & PEST RESISTANCE 1. |
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Plate 2.1 Crop adaptation to environmental stress

2.3.3 Speciation and evolutionary.change

Speciation is the process by which new species arise. It often occurs when populations become
isolated and accumulate genetic differences over time. Evolutionary change can be gradual,
through small variations, or rapid, through significant shifts in traits. In plants, speciation
contributes to the diversity of crops available for cultivation, allowing breeders to select from a
wide range of genetic resources.

Fillin the blank: The process by which new species arise is called
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ALLOPATRIC SPECIATION THROUGH GEOGRAPHC ISOLATION AND GENETIC DIVERGENCE
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Figure 2.6 Speciation and evolutionary change

Pilot questions 2.3

The scientist who proposed the theory of natural selection was

Differences in DNA sequences among individuals in a population are referred to as genetic

What is meant by adaptation in evolutionary biology?
The process by which new species arise is called

Give one example of how adaptation benefits crop plants.
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2.4 Applications in Crop Improvement

2.4.1 Role of inheritance in plant breeding

Inheritance provides the foundation for plant breeding because it determines how traits are
passed from parent plants to their offspring. By understanding inheritance patterns, breeders can
predict which traits are likely to appear in the next generation. For example, knowledge of
dominant and recessive traits allows breeders to select parent plants that will produce desired
characteristics such as disease resistance or improved yield.

Fill in the blank: The process of selecting parent plants to produce offspring with desired traits is
called

DIAGRAM: SELECTIVE BREEDING & TRAIT IMPROVEMENT

PARENT LINE A - Trait: Disease Resistance PARENT LINE B - Trait: High Yield
(e.g., from ‘PEST" selective pressure in <IMAGE 0>) (e.g., from <IMAE-2> selective breeding concepts)
INITIAL SELECTION FOR DISEASE RESISTANCE INITIAL SELECTION FOR HIGH YIELD
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Parent A TRAIT: Stron FERTILIZATION SELECTED TRAIT: <
(RR) * resistancegl ® ‘ ‘/ ® @ Exceptional number @ .
Dominant to common and size of seeds/ High Yield
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gene  Resistance (High) OFFSPRING
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g - — ~ IMPROVED CHARACTERISTICS:
F2 GENERATION Red (A) Orange (B) S~ Combined High Yield +
(SEGREGATION) ' Phenotype Phenotype m Disease Resistance

TOTAL GENETIC SEGREGATION (F2) GENETIC RECOMBINATION (CROSSING OVER)
Figure 2.7 Role of inheritance in plant breeding
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2.4.2 Use of evolutionary principles in crop adaptation

Evolutionary principles such as natural selection and adaptation are applied in crop improvement
to develop varieties that can thrive under changing environmental conditions. For instance, crops
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may be bred to withstand drought, resist pests, or adapt to new soil types. By harnessing genetic
variation, breeders can ensure that crops remain productive and resilient in diverse environments.

Fill in the blank: Traits that improve survival or reproduction and become more common over
time are called

0YO STATE RESILIENT AGRICULTURE:
DROUGHT & PEST RESISTANT VARIETIES

e w

Plte 2.2 Application of evolutiona principlés“in crop adtatloh

2.4.3 Case studiesof crop improvement through inheritance and evolution

Case studies provide practical examples of how inheritance and evolution are applied in crop
improvement. For instance, rice varieties have been developed with enhanced tolerance to
flooding, while wheat has been bred for resistance to rust diseases. Bananas have also been
improyed through mutation breeding to resist devastating plant pathogens. These examples
highlight how scientific principles translate into real agricultural benefits.

Fill in the blank: Rice varieties with enhanced tolerance to flooding are an example of crop
improvement through

Improvement Through Inheritance &

Crop Evolution Examples / Notes
Rice Selection for higher yield, shorter growth ~ Improved semi-dwarf varieties during the Green
duration, and disease resistance Revolution enhanced productivity.
Wheat Evolutionary breeding for rust resistance, Varieties with better baking quality and resilience
protein quality, and adaptability to environmental stress.
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Improvement Through Inheritance &

Crop Evolution Examples / Notes

Bananas Improved resistance to Panama disease and Mutation and selection led to more resilient
enhanced shelf life cultivars for global trade.

Maize Hybrid breeding for yield stability and Widely adopted hybrids transformed food
drought tolerance security in many regions.
Selection for disease resistance and Enhanced varieties support food security and

Cassava . . . . . . .
improved starch quality industrial uses in tropical regions.

Box 2.1 Case studies of crop improvement

Pilot questions 2.4

The process of selecting parent plants to produce offspringwith desired traits is called
Traits that improve survival or reproduction and become more common over time are called

Give one example of a crop adapted to environmental stress.

Rice varieties with enhanced tolerance to flooding are an example of crop improvement
through

Name one crop that has been improved through mutation breeding.

Series Summary

This Series has focused on the principles of inheritance and evolution, building on the foundation
of cell structure and genetics covered previously. We began with Mendelian principles,
examining Mendel’s experiments, dominant and recessive traits, and the predictable ratios
observed in monohybrid and dihybrid crosses. We then moved on to non-Mendelian inheritance
patterns, including incomplete dominance, codominance, multiple alleles, polygenic inheritance,
and sex-linked traits. Following that, we explored evolutionary concepts such as Darwin’s theory
of natural selection, genetic variation, adaptation, and speciation. Finally, we considered
practical applications, showing how these principles are used in crop improvement and
adaptation, supported by real case studies.

-
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By completing this Series, you should now be able to describe Mendel’s laws, explain different
inheritance patterns, analyse evolutionary mechanisms, and evaluate their relevance to crop
breeding. In line with the Series Learning Outcomes, you are equipped to apply inheritance
principles in plant breeding, assess the role of genetic variation and adaptation in evolution, and
appreciate how these concepts contribute to the development of resilient and productive crop
varieties. This knowledge provides a strong platform for advancing into more specialised areas
of genetics and breeding in subsequent Series.

Glossary of Terms

Adaptation: A trait that improves survival or reproduction and becomes more common in a
population over time.

Allele: A different form of a gene that can produce variations'in traits.

Codominance: An inheritance pattern where both alleles are expressed equally without blending.
Dihybrid cross: A genetic cross that examines the inheritance of two traits simultaneously.
Dominant trait: A trait that is expressed when at least one dominant allele is present.

Genetic variation: Differences inDNA sequences among individuals in a population.

Incomplete dominance: Aninheritance pattern where neither allele completely masks the other,
resulting in a blended phenotype.

Law of independent assortment: Mendel’s principle stating that genes for different traits are
inherited independently of one another.

Law of segregation: Mendel’s principle stating that alleles separate during gamete formation, so each
gamete carries only one allele for each trait.

Monohybrid cross: A genetic cross that examines the inheritance of a single trait.
Multiple alleles: A situation where more than two possible alleles exist for a gene.

Natural selection: The process by which individuals with advantageous traits survive and reproduce
more successfully, leading to evolutionary change.

Phenotypic ratio: The proportion of different observable traits among offspring in a genetic cross.

Polygenic inheritance: A type of inheritance where a trait is controlled by several genes, resulting in
continuous variation.

-
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Recessive trait: A trait that is expressed only when both alleles are recessive.

Sex-linked inheritance: Traits determined by genes located on sex chromosomes, often expressed
differently in males and females.

Speciation: The process by which new species arise, often through isolation and genetic divergence.

Concept Check Questions [Series 2]

Objective questions

The scientist regarded as the father of genetics is . (Linked to SLO 2.1)

Atrait that is expressed only when both alleles are recessive.is calleda trait. (Linked
to SLO 2.2)

The typical phenotypic ratio observed in a monohybrid cross is . (Linked to SLO 2.3)

When both alleles are expressed equally without blending, the inheritance pattern is called
. (Linked to SLO 2.4)

The process by which new species arise is called . (Linked to SLO 2.9)

Short-answer questions

State Mendel’s two main laws of inheritance. (Linked to SLO 2.1)

Explain the difference between incomplete dominance and codominance. (Linked to SLO 2.4)
Give one example of a trait influenced by multiple alleles. (Linked to SLO 2.5)

What is meant by sex-linked inheritance? (Linked to SLO 2.6)

Describe the role of genetic variation in adaptation. (Linked to SLO 2.8)

Long-answer questions

Analyse Darwin’s theory of natural selection and explain its relevance to crop genetics. (Linked
to SLO 2.7)

Compare and contrast monohybrid and dihybrid crosses, highlighting their differences in
purpose and outcomes. (Linked to SLO 2.3)

-
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Evaluate how evolutionary principles such as adaptation and speciation can be applied in crop
improvement, using examples. (Linked to SLO 2.8, SLO 2.9, SLO 2.11)

Answers to Concept Check Questions [Series 2]

Objective questions
Gregor Mendel
Recessive trait
3:1
Codominance

Speciation

Short-answer questions
The law of segregation and the law of independent assortment.

In incomplete dominance, the phenotype is a blend of both alleles (e.g., red x white = pink),
while in codominance bothalleles are expressed equally without blending (e.g., red and
white patches).

The ABO blood group system in humans.

Sex-linked inheritance refers to traits determined by genes located on sex chromosomes, often
expressed differently in males and females.

Genetic variation provides the raw material for natural selection, allowing populations to adapt
to changing environments.

Long-answer questions

Basic response: Darwin’s theory of natural selection explains that individuals with
advantageous traits survive and reproduce more successfully, making those traits more
common over time. In crop genetics, this helps explain why certain varieties thrive better
under specific conditions.

Value-added response: Learners may expand by linking natural selection to modern
breeding practices, such as selecting drought-tolerant rice or pest-resistant maize, and
discussing how artificial selection mirrors natural processes to accelerate crop
improvement.

-
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Basic response: A monohybrid cross studies the inheritance of a single trait and typically
produces a 3:1 phenotypic ratio, while a dihybrid cross studies two traits simultaneously
and produces a 9:3:3:1 ratio.

Value-added response: Learners may elaborate by showing Punnett squares for both
crosses, explaining how monohybrid crosses demonstrate the law of segregation, while
dihybrid crosses illustrate the law of independent assortment.

Basic response: Evolutionary principles such as adaptation and speciation explain how crops
develop traits that improve survival, such as drought tolerance or pest resistance. These
principles are applied in breeding to create resilient varieties.

Value-added response: Outstanding learners may provide case studies, such as

flood-tolerant rice or rust-resistant wheat, and discuss how speciation increases genetic
diversity, offering breeders a wider pool of traits to select from for crop improvement.

Answers to Pilot Questions [Series 2]

Part 2.1: Mendelian principles of inheritance
Gregor Mendel
Recessive trait
3:1 phenotypic ratio
9:3:3:1 phenotypic ratio

The law of segregation and the law of independent assortment

Part2.2: Non-Mendelian inheritance patterns
Codominance
Polygenic inheritance
ABO blood group system
Traits determined by genes located on sex chromosomes
Haemophilia or colour blindness

-
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Part 2.3: Evolutionary concepts and mechanisms
Charles Darwin
Genetic variation

Adaptation refers to traits that improve survival or reproduction and become more common
over time

Speciation

Drought tolerance in crops such as rice or maize

Part 2.4: Applications in crop improvement
Plant breeding
Adaptations
Drought-tolerant maize or flood-tolerantrice
Natural selection

Bananas

References and Attributions [Series 2]

This section compiles references, suggested open educational resources (OERs), and Al prompts
used for illustrations in Series 2: Principles of Inheritance and Evolution.
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Figures, Plates, Tables, and Boxes

Figure 2.1 Mendel’s experiments with pea plants
Suggested OER source: “Mendel pea plant experiments diagram OER”

Al prompt: “Generate a labelled diagram showing Mendel’s pea plant'experiments with
traits like flower colour and seed shape.”

Table 2.1 Examples of dominant and recessive traits in pea plants
Suggested OER source: “dominant recessive traits pea plants table OER”

Al prompt: “Generate a table listing dominant and recessive traits in pea plants, such
as tall vs short stems and round vs wrinkled seeds.”

Figure 2.2 Monohybrid and dihybrid crosses in pea plants
Suggested OER source: “monohybrid dihybrid cross Punnett square OER”

Al prompt: “Generate a diagram showing Punnett squares for monohybrid and dihybrid
crosses in pea plants.”

Figure 2.3 Incomplete dominance and codominance examples
Suggested OER source: “incomplete dominance codominance examples diagram OER”

Al prompt: “Generate a diagram showing incomplete dominance with pink flowers and
codominance with red and white cattle coat colours.”

Table 2.2 Examples of traits influenced by multiple alleles and polygenic inheritance
Suggested OER source: “multiple alleles polygenic inheritance examples OER”

Al'prompt: “Generate a table comparing multiple alleles (ABO blood group) and
polygenic inheritance (plant height, grain yield).”

Figure 2.4 Sex-linked inheritance pattern
Suggested OER source: “sex linked inheritance diagram OER”

Al prompt: “Generate a diagram showing inheritance of an X-linked trait across
generations, highlighting differences between males and females.”

Figure 2.5 Darwin’s theory of natural selection
Suggested OER source: “Darwin natural selection diagram OER”

Al prompt: “Generate a diagram illustrating natural selection with variation, survival,
and reproduction in a population.”

-
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Plate 2.1 Crop adaptation to environmental stress

Suggested OER source: “crop adaptation genetic variation OER”

Al prompt: “Create an image showing crop varieties adapted to drought and pest
resistance.”

Figure 2.6 Speciation and evolutionary change

Suggested OER source: “speciation evolutionary change diagram OER”

Al prompt: “Generate a diagram showing speciation through geographic isolation and
genetic divergence.”

Figure 2.7 Role of inheritance in plant breeding

Suggested OER source: “inheritance plant breeding diagram OER”

Al prompt: “Generate a diagram showing parent plants with selected traits producing
offspring with improved characteristics.”

Plate 2.2 Application of evolutionary principlesin crop adaptation

Suggested OER source: “crop adaptation evolutionary principles OER”

Al prompt: “Create an image showing crop varieties adapted to drought and pest
resistance.”

Box 2.1 Case studies of crop improvement

Suggested OER source: “crop improvement case studies inheritance evolution OER”

Al prompt: “Generate a text box listing examples of crops improved through inheritance
and evolution, such asrice, wheat, and bananas.”

Course code: CPS 304

Course title: Crop Genetics and Breeding

Course credit load: 2 Units

Series 3: Population and Quantitative
Genetics

QOutline

-
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Part 3.1: Fundamentals of population genetics
Sub-Part 3.1.1: Gene pool and allele frequencies
Sub-Part 3.1.2: Hardy—Weinberg equilibrium

Sub-Part 3.1.3: Forces of evolution (mutation, migration, selection, genetic drift)

Part 3.2: Quantitative traits and variation
Sub-Part 3.2.1: Distinction between qualitative and quantitative traits
Sub-Part 3.2.2: Continuous variation and normal distribution

Sub-Part 3.2.3: Heritability and genetic variance components

Part 3.3: Statistical tools in quantitative genetics
Sub-Part 3.3.1: Correlation and regression in trait analysis
Sub-Part 3.3.2: Analysis of variance (ANOVA) in genetic studies

Sub-Part 3.3.3: Predicting breeding values

Part 3.4: Applications in crop improvement
Sub-Part 3.4.1: Role of population genetics in maintaining diversity
Sub-Part 3.4.2: Use of quantitative genetics in selection programmes

Sub-Part 3.4.3: Case studies in crop yield and stress tolerance improvement

Introduction

In the last Series, we examined the principles of inheritance and evolution, focusing on how
traits are transmitted and how species adapt over time. Building on that foundation, this Series
turns to population and quantitative genetics, which explore how genetic variation is
distributed within populations and how complex traits influenced by multiple genes can be
analysed. These areas are especially important in crop improvement, where breeders must
manage diversity and predict outcomes for traits such as yield, resistance, and tolerance.

The aim of this Series is to introduce you to the concepts of population genetics and quantitative
genetics, and to equip you with the analytical tools needed to study genetic variation and apply it
in crop breeding programmes.

We shall commence this Series by exploring the fundamentals of population genetics, including
the gene pool, allele frequencies, Hardy—Weinberg equilibrium, and the forces of evolution.
Next, we will move on to quantitative traits and variation, distinguishing between qualitative and
quantitative traits, examining continuous variation, and considering heritability. Subsequently,

-
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we will focus on statistical tools in quantitative genetics, such as correlation, regression, and
analysis of variance, as well as predicting breeding values. Finally, we will wrap up by
discussing applications in crop improvement, highlighting how population and quantitative
genetics are used to maintain diversity, guide selection programmes, and improve crop yield and
stress tolerance through case studies.

Series Learning Outcomes

Upon completing this Series, you should be able to:
SLO 3.1 define the concepts of gene pool and allele frequencies in population genetics,
SLO 3.2 explain the Hardy—Weinberg equilibrium and its assumptions,

SLO 3.3 analyse the effects of evolutionary forces suchras mutation, migration, selection, and genetic
drift on populations,

SLO 3.4 distinguish between qualitative and quantitative traits,

SLO 3.5 describe continuous variation and interpret its relationship to the normal distribution,
SLO 3.6 explain the concept of heritability and identify genetic variance components,

SLO 3.7 apply statistical tools'such as correlation and regression to trait analysis,

SLO 3.8 demonstrate the use of analysis of variance (ANOVA) in genetic studies,

SLO 3.9 calculate and interpret breeding values for crop improvement,

SLO 3.10 evaluate the role of population genetics in maintaining diversity within crop species, and

SLO 3:11 apply quantitative genetic principles in selection programmes, supported by case studies in
yield and stress tolerance improvement.

3.7 Fundamentals of Population Genetics

3.1.1 Gene pool and allele frequencies

The gene pool refers to the complete set of genes and their alleles present in a population. It
represents the genetic diversity available for inheritance. Allele frequency is the proportion of a
particular allele among all alleles of a gene in the population. Together, these concepts help us

-
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measure genetic variation and track changes over time. For example, if the allele for drought
tolerance is present in 40% of a crop population, its frequency is 0.4.

Fill in the blank: The complete set of genes and their alleles present in a population is called the

POPULATION GENE POOL & ALLELE FREQUENCIES % A7

1. THE GENE POOL (VISUALIZED) 2. ALLELE FREQUENCIES AS PROPORTIONS

ALLELE FREQUENCY PROPORTIONS
Alele R - Red (at one locus)
Pods, Dominant
Allele r - Blue 0 o
Pods, Recessive Allele R (Dominant) Allele r (Recessive)
Proportion: 0.7 Proportion: 0.3
R m:’“ — Countin Gene Pool Count in Gene Pool
(illustrative): (illustrative):
1400 R alleles 600 alleles
600
R alleles ~
Total Alleles in Gene Pool: 2000.
Total F :1.0(0.7+0.3).
GENOTYPES IN e e i
POPULATION (2n)

CONCEPT SUMMARY

GENE POOL - A population of cocoa locazed in population of cocoa
Allele R - Red Pods, | Ir RR = alleles « rr plants o i
Pods, Dominant Rer = alleles + i plant pool, xnarmed, and have enhomiscated alleles.

Allele r - Blue Pods, RR Rr Rrr = alleles «rr plant ALLELE FREQUENCY - Frequencies are proportions in a pecoalmenglo
Recessive Rr population are fimgarent frequenciegs are proportions.

Pairs of alleles of allele:

Figure 3.1 Gene pool and allele frequencies

3.1.2 Hardy-Weinberg equilibrium

The Hardy—Weinberg equilibrium is a principle that describes a population in which allele and
genotype frequencies remain constant from generation to generation, provided certain conditions
are met. These conditions include random mating, no mutation, no migration, no selection, and a
large population size. This principle serves as a baseline for detecting evolutionary change.

Fill in the blank: One condition for Hardy—Weinberg equilibrium is mating.

3.1.3 Forces of evolution

Populations rarely remain in Hardy—Weinberg equilibrium because several forces act to change
allele frequencies. Mutation introduces new genetic variation. Migration (gene flow) moves
alleles between populations. Selection increases the frequency of advantageous traits. Genetic
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drift refers to random changes in allele frequencies, especially in small populations. These
forces collectively shape the genetic structure of populations and drive evolution.

Fill in the blank: Random changes in allele frequencies, especially in small populations, are
referred to as genetic

Pilot questions 3.1
The complete set of genes and their alleles present in a population is called the
One condition for Hardy-Weinberg equilibrium is mating.

Random changes in allele frequencies, especially in small populations, are referred to as
genetic

State two forces of evolution that can change allele frequencies.

What does allele frequency measure in a population?

3.2 Quantitative Traits and Variation

3.2.1 Distinction between qualitative and quantitative traits

Qualitative traits are those controlled by a single gene or a small number of genes, and they
typically show diserete categories, such as flower colour being either red or white. In contrast,
quantitative traits are influenced by many genes and often by environmental factors, resulting
in continuous variation. Examples include plant height, grain yield, or milk production in
animals. Recognising this distinction is important because quantitative traits require different
methods of study and analysis compared to qualitative traits.

Fill in the blank: Traits influenced by many genes and environmental factors, showing
continuous variation, are called traits.

3.2.2 Continuous variation and normal distribution

Quantitative traits often display continuous variation, meaning individuals show a wide range
of values rather than distinct categories. This variation is commonly represented by a normal

-

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



distribution, where most individuals cluster around the average and fewer individuals are found
at the extremes. For example, in a population of maize plants, most may have medium height,

while fewer are very short or very tall.

Fill in the blank: The statistical curve that represents continuous variation in many traits is called

the distribution.

DIAGRAM: APPLYING THE NORMAL DISTRIBUTION CURVE TO PLANT HEIGHT VARIATION

INITIAL SELECTION NORMAL DISTRIBUTION OF PLANT HEIGHT SELECTIVE PRESSURE
(Defining Traits) _ (Drought Conditions)
A r Mean Height (u = 120 cm)
= Afs(mg] ﬁ%n BnY Standard Deviation we
o2 68% OF Predictable 2%
T £l & E5 POPULATION )~ Percentages R
S - 3 S5 - (Within £10) - l £y
o T S| Extreme > reme g
= & § Variants 95% OF Variants "é' 2
Plant1:  Plant2:  Plant3: <| s Al i & 2
\_ 1. Measure heights of all plants ) : HE
p-20 p-0 B p+0 pP+20 ue
PLANT HEIGHT (cm) =
FITNESS RULE: Selective Advantage (Drought Stress) NEXT GENERATION (INCREASED FITNESS / Shift)
EXTREME SHORT AVERAGE HEIGHT EXTREME TALL NEXT GENERATION POST-SELECTION
(u-20) (")} (+20) SEED PROGENY (New Distribution)
< Fitness Advantage Overall Shift
x :» » x = of Average Height: in Trait
= Leads to more Frequency
Reduced Survival Q - ety
Reduced Survival Higher Survival ; Average
\d (Limited Resources) (BaIarglced Resources) ‘Reﬁj’i‘,’,[fggﬁ,’;'ggf“’) 9 Progeny Boey = 115.¢m p

Figure 3.2 Continuous variation and normal distribution in plant height

3.2.3 Heritability and genetic variance components

Heritability is a measure of how much of the variation in a trait is due to genetic factors rather
than environmental influences. It is expressed as a proportion, ranging from 0 to 1. A high
heritability value means that genetics plays a major role in determining the trait, while a low
value indicates that the environment has a stronger influence. Genetic variance can be broken
down into components such as additive variance, dominance variance, and interaction variance,
each contributing differently to trait inheritance.

Fill in the blank: The measure of how much of the variation in a trait is due to genetic factors is

called
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Pilot questions 3.2

Traits influenced by many genes and environmental factors, showing continuous variation, are
called traits.

The statistical curve that represents continuous variation in many traits is called the
distribution.

What does heritability measure in relation to traits?
Give one example of a quantitative traitin crops.

Name two components of genetic variance.

3.3 Statistical Tools in Quantitative Genetics

3.3.1 Correlation and regression‘in trait analysis

Correlation measures the strength and direction of the relationship between two traits. For
example, plant height and grain yield may show a pesitive correlation if taller plants tend to
produce more grain. Regression goes further by quantifying how much one trait changes in
response to another. These tools are essential in predicting outcomes and identifying traits that
can be used as indicators in breeding programmes.

Fill in the blank: The statistical method that measures the strength and direction of the
relationship between two traits 1s called

3.3.2Analysis of variance (ANOVA) in genetic studies

Analysis of variance (ANOVA) is a statistical method used to compare the variation between
groups with the variation within groups. In genetics, ANOVA helps determine whether
differences in traits are due to genetic factors or environmental influences. For instance,
comparing crop yields across different varieties can reveal whether genetic differences
significantly affect performance.

Fill in the blank: The statistical method used to compare variation between and within groups is
called
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Mean Yield Genetic Effect (F- Environmental Effect (F-

Variety (kg/ha) value) value) Significance
Xarlety 4200 12.5 32 Genetic effect significant
garlety 3,800 10.8 2.9 Genetic effect significant
\Cfarlety 4,000 112 3.5 Both effects significant
Variety 3.600 9.7 41 E.nV1'ronmenta1 effect

D significant

Table 3.1 Application of ANOVA in crop yield comparison

3.3.3 Predicting breeding values

A breeding value is an estimate of an individual’s genetic potential for a trait, based on
statistical analysis. It predicts how likely an individual is to pass ondesirable traits to its
offspring. Breeding values are widely used in crop and livestock improvement programmes to
select the best candidates for reproduction. Byasing statistical tools, breeders can make
informed decisions that accelerate genetic progress.

Fill in the blank: An estimate of an individual’s genetic potential for a trait is called a
value.

Pilot questions 3.3

The statistical method that measures the strength and direction of the relationship between
two traitsiis.called

The statisticalimethod used to compare variation between and within groups is called

What does regression analysis quantify in trait studies?
What is meant by breeding value?

Give one example of how ANOVA can be applied in crop genetics.
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3.4 Applications in Crop Improvement

3.4.1 Role of population genetics in maintaining diversity

Population genetics provides tools for understanding and preserving genetic diversity within
crop species. Diversity is crucial because it ensures that populations can adapt to changing
environments and resist diseases. Breeders use population genetics to monitor allele frequencics
and maintain a broad gene pool, which prevents crops from becoming too uniform and
vulnerable.

Fill in the blank: The study of how allele frequencies change in populations.is called
genetics.

3.4.2 Use of quantitative genetics in selection pregrammes

Quantitative genetics is applied in selection programmes to improve traits such as yield,
quality, and stress tolerance. By estimating heritability and breeding values, breeders can identify
individuals most likely to pass on desirable traits. This systematic approach allows for gradual
but consistent improvement across generations, ensuring that crops remain productive and
competitive.

Fill in the blank: The estimate of an individual’s genetic potential for a trait is called a
value.

3.4.3 Case studies.in crop yield and stress tolerance improvement

Practical examples highlight how population and quantitative genetics are applied in agriculture.
Rice varieties have been developed with tolerance to flooding, while maize has been improved
for drought resistance. Wheat breeding programmes have successfully reduced susceptibility to
rust diseases. These case studies show how genetic principles translate into real-world benefits
for food security and sustainability.

Improvement via Population &

Crop Quantitative Genetics Examples / Notes
. Selection for yield stability, disease  Breeding programs using quantitative genetics
Rice . . . . . . L o
resistance, and grain quality improved semi-dwarf and high-yielding varieties.
. Hybrid development for drought Population genetics enabled creation of diverse
Maize .. . ) .
tolerance and productivity hybrids adapted to different environments.
Wheat Resistance to rust diseases and Quantitative trait analysis guided breeding for
improved protein quality resilience and nutritional enhancement.
Sorghum Improved tolerance to heat and water Population-based selection enhanced adaptability in

stress arid and semi-arid regions.

-
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Improvement via Population &

Crop Quantitative Genetics

Examples / Notes

Enhanced oil content and resistance to Quantitative genetics applied to improve both yield

Groundnut . ¢ spot disease and quality traits.

Box 3.1 Case studies in crop improvement

Pilot questions 3.4
The study of how allele frequencies change in populations is called genetics.
The estimate of an individual’s genetic potential for a trait is called a value.
Give one example of a crop improved for stress tolerance.
What role does population genetics play in maintaining crop diversity?

Name one case study where quantitative.genetics has been applied to crop improvement.

Series Summary

This Series has focused on population and quantitative genetics, showing how genetic variation
is distributed within populations and how complex traits influenced by multiple genes can be
studied. We began with the fundamentals of population genetics, including the concepts of gene
pool, allele frequencies, Hardy=Weinberg equilibrium, and the forces of evolution. We then
moved on to quantitative traits and variation, distinguishing them from qualitative traits,
examining continuous variation and normal distribution, and considering heritability and genetic
variance components. Following that, we explored statistical tools such as correlation,
regression, and analysis of variance, as well as the prediction of breeding values. Finally, we
examined applications in crop improvement, highlighting the role of population genetics in
maintaining diversity and the use of quantitative genetics in selection programmes, supported by
case studies.

By completing this Series, you should now be able to define and explain key concepts in
population genetics, analyse evolutionary forces, describe quantitative traits and their variation,
and apply statistical tools to genetic studies. In line with the Series Learning Outcomes, you are
equipped to calculate breeding values, evaluate the role of diversity in crop populations, and
apply quantitative genetic principles in selection programmes. This knowledge provides a
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practical framework for understanding how genetic variation is managed and harnessed in
agriculture, ensuring crops remain resilient and productive.

Glossary of Terms

Additive variance: The portion of genetic variance that results from the sum of the effects of
individual alleles.

Allele frequency: The proportion of a particular allele among all alleles of a gene in a population.

Analysis of variance (ANOVA): A statistical method used to compare variation between groups with
variation within groups.

Breeding value: An estimate of an individual’s genetic potential for a trait, predicting its ability to
pass desirable traits to offspring.

Correlation: A statistical measure showing the strength and direction of the relationship between two
traits.

Dominance variance: The part of genetic vatiance caused by interactions between alleles at the same
gene locus.

Gene pool: The complete set of genes and their alleles present in a population.
Genetic drift: Random changes in allele frequencies, especially in small populations.

Hardy—Weinberg equilibrium: A principle stating that allele and genotype frequencies remain
constant in a;population if certain conditions are met.

Heritability: A measure of how much of the variation in a trait is due to genetic factors rather than
environmental influences.

Migration (gene flow): The movement of alleles between populations.
Mutation: A change in DNA that introduces new genetic variation into a population.

Normal distribution: A statistical curve showing continuous variation, with most individuals near
the average and fewer at the extremes.

Population genetics: The study of how allele frequencies change within populations over time.

Quantitative traits: Traits influenced by many genes and environmental factors, showing continuous
variation.

-
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Regression: A statistical method that quantifies how much one trait changes in response to another.

Selection: The process by which advantageous traits become more common in a population because
they improve survival or reproduction.

Concept Check Questions [Series 3]

Objective questions

The complete set of genes and their alleles present in a population is called . (Linked
to SLO 3.1)
One condition for Hardy-Weinberg equilibrium is mating. (Linkedto SLO 3.2)

Random changes in allele frequencies, especially in small populations, are referred to as
genetic . (Linked to SLO 3.3)

Traits influenced by many genes and environmental factors, showing continuous variation, are
called traits. (Linked to SLO 3.4)

The statistical curve that represents continuous variation in many traits is called the
distribution. (Linked to SLO 3.5)

Short-answer questions

Define heritability and explain what it measures. (Linked to SLO 3.6)

State one difference between correlation and regression in trait analysis. (Linked to SLO 3.7)
What does’ANOVA help determine in genetic studies? (Linked to SLO 3.8)

What is meant by breeding value in crop improvement? (Linked to SLO 3.9)

Give one example of how population genetics helps maintain diversity in crops. (Linked to SLO
3.10)

Long-answer questions

Analyse the role of evolutionary forces such as mutation, migration, selection, and genetic drift
in shaping populations. (Linked to SLO 3.3)

Compare qualitative and quantitative traits, highlighting their differences in inheritance and
variation. (Linked to SLO 3.4, SLO 3.5)

-

o)
MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



Evaluate how quantitative genetic principles such as heritability and breeding values are
applied in selection programmes, using crop case studies. (Linked to SLO 3.6, SLO 3.9, SLO
3.11)

Answers to Concept Check Questions [Series 3]

Objective questions
Gene pool
Random mating
Drift
Quantitative traits
Normal distribution
Short-answer questions

Heritability measures the proportion of variation.in a trait that is due to genetic factors rather
than environmental influences.

Correlation shows the strength and direction of a relationship, while regression quantifies how
much one trait changes in response to another.

ANOVA helps determine whether differences in traits are due to genetic factors or
environmental influences.

A breeding valueis an estimate of an individual’s genetic potential for a trait, predicting its
ability topass desirabletraits to offspring.

Population genetics helps maintain diversity by monitoring allele frequencies and ensuring a
broad gene pool; which prevents vulnerability to diseases or environmental changes.

Long-answer questions

Basic response: Mutation introduces new variation, migration moves alleles between
populations, selection increases advantageous traits, and genetic drift causes random
changes in small populations.

Value-added response: Learners may expand by explaining how these forces interact,
for example, how migration can counteract drift, or how selection pressures in agriculture
can accelerate adaptation in crops.

-
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Basic response: Qualitative traits are controlled by few genes and show discrete categories,
while quantitative traits are influenced by many genes and show continuous variation.
Value-added response: Learners may elaborate by linking qualitative traits to Mendelian
inheritance patterns and quantitative traits to statistical analysis, highlighting examples
such as flower colour versus grain yield.

Basic response: Heritability and breeding values help breeders identify individuals most
likely to pass on desirable traits, guiding selection programmes.
Value-added response: Outstanding learners may provide case studies, such.as
drought-tolerant maize or flood-resistant rice, and discuss how these principles accelerate
genetic progress and improve food security.

Answers to Pilot Questions [Series 3]

Part 3.1: Fundamentals of population genetics

Gene pool

Random mating

Genetic drift

Mutation and migration (also selection or drift are valid)

Allele frequency measures the proportion of a particular allele in a population

Part 3.2: Quantitative traits and variation

Quantitative traits

Normal distribution

Heritability measures the proportion of variation in a trait due to genetic factors
Plant.height (other valid examples: grain yield, milk production)

Additive variance and dominance variance

Part 3.3: Statistical tools in quantitative genetics

Correlation

Analysis of variance (ANOVA)

Regression quantifies how much one trait changes in response to another
Breeding value is an estimate of an individual’s genetic potential for a trait

-
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Comparing crop yields across varieties to determine genetic versus environmental effects
Part 3.4: Applications in crop improvement

Population genetics

Breeding value

Rice (flood tolerance), maize (drought resistance), or wheat (rust resistance)

Population genetics helps maintain diversity by monitoring allele frequencies and preserving a
broad gene pool

Case studies such as drought-tolerant maize or flood-resistant rice

References and Attributions [Series 3]

This section compiles references, suggested open educational resources (OERs), and Al prompts
used for illustrations in Series 3: Population and Quantitative Genetics.

General References

Falconer, D. S., & Mackay, T. F. C: (1996). Introduction to Quantitative Genetics (4th ed.).
Harlow: Longman.

Griffiths, A. J. F., Wessler, S. R., Carroll, S. B., & Doebley, J. (2015). Introduction to Genetic
Analysis (11th ed:). New York: W. H. Freeman.

Hartl, D. L., & Clark, A. G. (2007). Principles of Population Genetics (4th ed.). Sunderland, MA:
Sinauer Associates.

OpenStax (2016). Biology. Houston, TX: OpenStax CNX. Available at:
https://openstax.org/books/biology

Figures, Tables, and Boxes

Figure 3.1 Gene pool and allele frequencies

Suggested OER source: “gene pool allele frequency diagram OER”
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https://openstax.org/books/biology

Al prompt: “Generate a diagram showing a population gene pool with allele frequencies
represented as proportions.”

Figure 3.2 Continuous variation and normal distribution in plant height

Suggested OER source: “normal distribution continuous variation plant height OER”

Al prompt: “Generate a diagram showing a normal distribution curve applied to'plant
height variation in a crop population.”

Table 3.1 Application of ANOVA in crop yield comparison

Suggested OER source: “ANOVA crop yield genetics table OER”

Al prompt: “Generate a table showing crop yields across varieties with ANOVA results
indicating genetic vs environmental effects.”

Box 3.1 Case studies in crop improvement

Suggested OER source: “crop improvement case studies population quantitative
genetics OER”

Al prompt: “Generate a text box listing examples of crops improved through population
and quantitative genetics, such as rice, maize, and wheat.”

Course code: CPS 304

Course title: Crop Genetics and Breeding

Course credit load: 2. Units

Series 4: Objectives and Methods of Crop
Breeding

Part 4.1: Objectives of crop breeding

Sub-Part 4.1.1: Improving yield and productivity
Sub-Part 4.1.2: Enhancing resistance to biotic and abiotic stresses

Sub-Part 4.1.3: Improving quality traits (nutritional, industrial, and consumer preferences)

Part 4.2: Conventional methods of crop breeding

-

Sub-Part 4.2.1: Selection methods (mass selection, pure-line selection)
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Sub-Part 4.2.2: Hybridisation techniques

Sub-Part 4.2.3: Mutation breeding

Part 4.3: Modern methods of crop breeding
Sub-Part 4.3.1: Molecular markers and marker-assisted selection
Sub-Part 4.3.2: Genetic engineering and biotechnology approaches

Sub-Part 4.3.3: Genomic selection and advanced breeding tools

Part 4.4: Applications and case studies
Sub-Part 4.4.1: Success stories in crop yield improvement
Sub-Part 4.4.2: Breeding for stress tolerance and disease resistance

Sub-Part 4.4.3: Future prospects in sustainable crop breeding

Introduction

In the last Series, we explored population and quantitative genetics, focusing on how genetic
variation is distributed within populations and how complex traits can be analysed and applied in
crop improvement. Building on that foundation, this Series turns to the objectives and methods
of crop breeding, which are central to ensuring food security, sustainability, and resilience in
agriculture. Crop breeding has long been a cornerstone of agricultural progress, enabling farmers
and scientists to develop varieties that meet the demands of productivity, quality, and
adaptability.

The aim of this Series is to introduce you to the key objectives of crop breeding and to equip you
with knowledge of both conventional and modern methods used to achieve them. By the end of
the Series, you will be able to-appreciate how breeding strategies are applied to improve yield,
resistance, and quality traits, and how these methods contribute to sustainable agricultural
development.

We shall commence this Series by examining the objectives of crop breeding, including yield
improvement, stress resistance, and quality enhancement. Next, we will move on to conventional
methods such as selection, hybridisation, and mutation breeding. Following that, we will explore
modern approaches, including molecular markers, genetic engineering, and genomic selection.
Finally, we will wrap up with applications and case studies, highlighting success stories and
future prospects in sustainable crop breeding.

-
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Series Learning Outcomes

Upon completing this Series, you should be able to:

SLO 4.1 define the major objectives of crop breeding, including yield, resistance, and quality traits,
SLO 4.2 explain how crop breeding addresses biotic and abiotic stresses,

SLO 4.3 describe conventional selection methods such as mass selection and pure-line selection,
SLO 4.4 demonstrate the process of hybridisation in crop breeding,

SLO 4.5 explain the principles of mutation breeding and its applications,

SLO 4.6 apply molecular markers in marker-assisted selection,

SLO 4.7 analyse the role of genetic engineering and biotechnology in modern crop breeding,

SLO 4.8 evaluate the use of genomic selection and advanced breeding tools,

SLO 4.9 discuss case studies of crop yield improvement through breeding programmes,

SLO 4.10 assess breeding strategies for stress tolerance and disease resistance, and

SLO 4.11 appraise future prospects of sustainable crop breeding in agriculture.

4.1 Objectives of Crop Breeding

4.1

.1 Impravingyield and productivity

One of the foremost objectives of crop breeding is to enhance yield, which refers to the amount
of produce harvested per unit area. Yield improvement is vital for meeting the food demands of a
growing population. Breeders achieve this by selecting plants with desirable traits such as higher
grain number, larger fruit size, or faster growth rates. Productivity also includes efficiency in
resource use, such as water and fertiliser.

Fill

-

in the blank: The amount of produce harvested per unit area is referred to as
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CROP YIELD IMPROVEMENT THROUGH SELECTIVE BREEDING IN KEY CROPS
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Figure 4.1 Crop yield improvement through breeding

4.1.2 Enhancingresistance to/biotic and abiotic stresses

Another key objective is to improve resistance to stresses. Biotic stresses are caused by living
organisms such as pests, diseases, and weeds, while abiotic stresses arise from non-living
factors such as drought, salinity, and extreme temperatures. Breeding for resistance ensures crops
can withstand these challenges, reducing losses and stabilising production.

Fill in the blank: Drought and salinity are examples of stresses.

4.1.3Improving quality traits

Beyond yield and resistance, breeders also focus on quality traits, which include nutritional
value, industrial suitability, and consumer preferences. For example, rice may be bred for better
cooking quality, wheat for higher protein content, or oil crops for improved fatty acid

MET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS



composition. Quality traits ensure that crops not only produce more but also meet the needs of
markets and consumers.

Fill in the blank: Traits such as nutritional value and consumer preferences are referred to as

traits.
Crop Quality Trait Description / Notes
Wheat Protein content Higher protein improves bread-making quality and nutritional value.

. . . Traits such as aroma, grain length, and stickiness influence consumer
Rice Cooking quality

preference.
Sunflower Ol composition Breeding for higher oleic acid content improves.oil stability and health
benefits.
Maize Kernel quality Enhanced starch and protein balance for food and industrial uses.
Soybean 1?;11;1:1 protein Improved nutritional quality and processing characteristics.

Box 4.1 Examples of quality traits in crop breeding

Pilot questions 4.1
The amount of produce harvested per unit area is referred to as
Drought and salinity are examples of stresses.
Traits such as nutritionalvalue.and consumer preferences are referred to as traits.
Give one example of a biotic stress in crops.

State one objective of crop breeding related to consumer demand.

4.2 Conventional Methods of Crop Breeding

4.2.1'Selection methods (mass selection, pure-line selection)

Selection is one of the oldest and simplest methods of crop breeding. In mass selection, a large
number of plants with desirable traits are chosen from a population, and their seeds are bulked
together to grow the next generation. This method helps improve traits such as yield or disease
resistance in heterogeneous populations. Pure-line selection, on the other hand, involves

-
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choosing a single superior plant and propagating it to establish a genetically uniform line. This
method is particularly useful for self-pollinated crops.

Fill in the blank: Choosing a single superior plant and propagating it to establish a genetically
uniform line is called selection.

4.2.2 Hybridisation techniques

Hybridisation is the process of crossing two genetically different plants to produce offspring
with desirable traits from both parents. It is widely used to combine resistance, yield, and quality
traits. The success of hybridisation depends on careful selection of parents and controlled
pollination. Hybrids often show heterosis, also known as hybrid vigour, where the offspring
outperform both parents in traits such as growth rate or productivity.

Fill in the blank: The phenomenon where hybrid offspring outperform both parents is called
vigour.

 HYBRIDISATION PROCESS: PARENTAL SELECTION & OFFSPRING TRAITS |
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Figure 4.2 Hybridisation process in crop breeding
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4.2.3 Mutation breeding

Mutation breeding involves the deliberate use of physical or chemical agents to induce
mutations in plants. These mutations can create new genetic variation that may result in
beneficial traits, such as disease resistance or improved nutritional quality. Once mutations are
induced, breeders select plants that show desirable changes and propagate them. Mutation
breeding has contributed to the development of several improved crop varieties worldwide.

Fill in the blank: The deliberate use of physical or chemical agents to create new genetic
variation is called breeding.

Pilot questions 4.2

Choosing a single superior plant and propagating it to establish a genetically uniform line is
called selection.

The phenomenon where hybrid offspring outperform both parents is called vigour.
What is the main difference between mass selection and pure-line selection?
State one advantage of hybridisation in crop breeding.

What is mutation breeding used forin crop improvement?

4.3 ModerndMethods of,Crop Breeding

4.3.1 Molecular markers and marker-assisted selection

Molecular markers are identifiable DNA sequences that can be used to track specific genes or
traits in plants. In marker-assisted selection (MAS), breeders use these markers to select plants
carrying desirable genes without waiting for the trait to be expressed in the field. This speeds up
breeding programmes and increases accuracy, especially for traits that are difficult to measure
directly, such as disease resistance.

Fill in the blank: Identifiable DNA sequences used to track specific genes or traits are called
molecular

-
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4.3.2 Genetic engineering and biotechnology approaches

Genetic engineering involves directly modifying the DNA of crops to introduce new traits or
enhance existing ones. Biotechnology approaches include techniques such as tissue culture, gene
transfer, and transgenic breeding. These methods allow breeders to overcome limitations of
conventional breeding, for example by introducing resistance genes from unrelated species.
Genetic engineering has produced crops with improved nutritional quality, pest resistance, and
tolerance to herbicides.

Fill in the blank: The process of directly modifying the DNA of crops to introduce new traits is
called genetic
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4.3.3 Genomic selection and advanced breeding tools

Genomic selection uses information from the entire genome to predict the breeding value of
plants. Unlike marker-assisted selection, which focuses on specific genes, genomic selection
considers thousands of markers across the genome. This allows breeders to make more accurate
predictions and accelerate genetic gain. Advanced tools such as bioinformatics, high-throughput
sequencing, and CRISPR gene editing are also increasingly used to refine breeding strategies.

Fill in the blank: Using information from the entire genome to predict breeding value is called
selection.

Pilot questions 4.3

Identifiable DNA sequences used to track specific genes or traits are called molecular
The process of directly modifying the DNA of crops to introduce new traits is called genetic

What is the main difference between marker-assisted selection and genomic selection?
Name one biotechnology technique used in crop breeding.

State one advanced tool.thatisincreasingly used to refine breeding strategies.

4.4 Applications and Case Studies

4.4.1 Success stories in crop yield improvement

Crop breeding has delivered remarkable success stories in yield improvement. For example, the
development of high-yielding rice and wheat varieties during the Green Revolution transformed
food production globally. Breeders achieved this by combining traits such as short plant stature,
which reduces lodging, with higher grain output. These successes demonstrate how targeted
breeding objectives can directly address food security challenges.

Fill in the blank: The agricultural transformation that introduced high-yielding rice and wheat
varieties is known as the Revolution.

-
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4.4.2 Breeding for stress tolerance and disease resistance

Breeding programmes have also focused on enhancing tolerance to stresses and resistance to
diseases. Drought-tolerant maize, flood-resistant rice, and rust-resistant wheat are examples of
varieties developed to withstand environmental and biological challenges. These improvements
reduce crop losses and stabilise yields, ensuring farmers can produce food even under adverse
conditions.

Fill in the blank: Wheat varieties bred to withstand rust diseases are examples of breeding for
resistance.

4.4.3 Future prospects in sustainable crop breeding

Looking ahead, crop breeding is increasingly guided by sustainability goals. Breeders are
working to develop varieties that use fewer inputs, adapt to climate change, and meet nutritional
needs. Modern tools such as genomic selection and CRISPR gene editing are expected to
accelerate progress. The future of crop.breeding lies in balancing productivity with
environmental stewardship and consumer demands.

Sustainable Breeding

Crop Focus

Examples / Notes

Development of flood-tolerant and drought-resistant varieties

Rice Climate resilience (e‘g.’ Swarna—Sub]).

Biofortified maize enriched with vitamin A, iron, and zinc to

Maize  Nutrient enrichment L.
combat malnutrition.

Breeding for reduced fertilizer and water requirements, improving

Wheat Low-i tovarieti ; ili
ea ow-input.varieties sustainability.

Disease resistance and food Varieties resistant to cassava mosaic disease, ensuring stable

Cassava . . . . .
security yields in tropical regions.

Improved cultivars adapted to arid and semi-arid climates,

Sorghum Heat and drought tolerance supporting climate-smart farming.

Box 4.2 Examples of sustainable crop breeding initiatives

Pilot questions 4.4

The agricultural transformation that introduced high-yielding rice and wheat varieties is known
as the Revolution.

Wheat varieties bred to withstand rust diseases are examples of breeding for

resistance.
F)
De-a)
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Give one example of a stress-tolerant crop developed through breeding.
State one sustainability goal guiding future crop breeding.

Name one modern tool expected to accelerate crop breeding progress.

Series Summary

This Series has examined the objectives and methods of crop breeding, highlighting its
importance in ensuring food security, resilience, and sustainability. We began by considering the
objectives of breeding, including yield improvement, stress resistance, and quality traits. We then
explored conventional methods such as mass and pure-line selection, hybridisation, and mutation
breeding. Following that, we turned to modern approaches, including marker-assisted selection,
genetic engineering, and genomic selection, before concluding with applications and case studies
that demonstrate success stories and futureprospects in sustainable crop breeding.

By completing this Series, you should now be able to define the objectives of crop breeding,
explain conventional and modern methods, and evaluate their applications in real-world contexts.
In line with the Series Learning Outcomes, you are equipped to describe selection techniques,
demonstrate hybridisation, apply molecular markers, analyse biotechnology approaches, and
assess sustainable breeding strategies. This knowledge provides you with a practical framework
for understanding how crop breeding contributes to agricultural progress and long-term food
security.

Glossary of Terms

Abiotic stresses: Non-living environmental factors such as drought, salinity, or extreme temperatures
that negatively affect crop growth.

Biotic stresses: Living factors such as pests, diseases, or weeds that reduce crop performance.

Genetic engineering: The process of directly modifying the DNA of crops to introduce new traits or
enhance existing ones.

Genomic selection: A modern breeding method that uses information from the entire genome to
predict the breeding value of plants.

-
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Heterosis (hybrid vigour): The phenomenon where hybrid offspring outperform both parents in
traits such as growth rate or productivity.

Hybridisation: The crossing of two genetically different plants to produce offspring with desirable
traits from both parents.

Marker-assisted selection (MAS): A breeding method that uses molecular markers to select plants
carrying desirable genes without waiting for traits to be expressed.

Mass selection: A conventional breeding method where many plants with desirabletraits are chosen,
and their seeds are bulked together to grow the next generation.

Molecular markers: Identifiable DNA sequences used to track specific genes or traits in plants.

Mutation breeding: The deliberate use of physical or chemical agents to create new genetic variation
in plants.

Pure-line selection: A breeding method where a single superior plant is chosen and propagated to
establish a genetically uniform line.

Quality traits: Characteristics related to nutritionalvalue, industrial suitability, or consumer
preferences, such as protein content in wheat or cooking quality in rice.

Yield: The amount of produce harvested per unit area, often used as a key measure of crop
productivity.

Concept Check Questions [Series 4]

Objective questions
The amount of produce harvested per unit area is called . (Linked to SLO 4.1)
Drought and salinitysare examples of stresses. (Linked to SLO 4.2)

Choosing a single superior plant and propagating it to establish a genetically uniform line is
called selection. (Linked to SLO 4.3)

The phenomenon where hybrid offspring outperform both parents is called vigour.
(Linked to SLO 4.4)

Identifiable DNA sequences used to track specific genes or traits are called molecular
. (Linked to SLO 4.6)

-
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Short-answer questions
Define mutation breeding. (Linked to SLO 4.5)

Explain the difference between marker-assisted selection and genomic selection. (Linked to
SLO 4.6, SLO 4.8)

State one biotechnology technique used in crop breeding. (Linked to SLO 4.7)
Give one example of a stress-tolerant crop developed through breeding. (Linked to SLO 4.10)

What sustainability goal guides future crop breeding? (Linked to SLO 4.11)

Long-answer questions

Analyse the objectives of crop breeding, highlighting yield, resistance, and quality traits. (Linked
to SLO 4.1, SLO 4.2, SL0O 4.3)

Compare conventional methods of crop breeding, such as mass selection, pure-line selection,
hybridisation, and mutation breeding. (Linked to SLO 4.3, SLO 4.4, SLO 4.5)

Evaluate modern methods of crop breeding, including marker-assisted selection, genetic
engineering, and genomic selection, with examples. (Linked to SLO 4.6, SLO 4.7, SLO 4.8)

Discuss case studies of crop improvement and assess their relevance to sustainable
agriculture. (Linked to.SLO.4.9, SLO 4.10, SLO 4.11)

Answers to Concept CheckiQuestions [Series 4]

Objective questions
Yield
Abiotic stresses
Pure-line selection
Heterosis (hybrid vigour)

Markers

-
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Short-answer questions

Mutation breeding is the deliberate use of physical or chemical agents to create new genetic
variation in plants.

Marker-assisted selection focuses on specific genes using markers, while genomic selection
uses information from the entire genome to predict breeding value.

Tissue culture (other valid answers: gene transfer, transgenic breeding).
Drought-tolerant maize (other valid examples: flood-resistant rice, rust-resistant wheat).

Developing varieties that use fewer inputs, adapt to climate change, and meet nutritional
needs.

Long-answer questions

Basic response: Crop breeding aims to improve yield, enhance resistance to stresses, and
develop quality traits.
Value-added response: Learners may€xpand by linking these objectives to global food
security, consumer demands, and industrial uses, showing how breeding aligns with
agricultural sustainability.

Basic response: Mass selection involves choosing many plants, pure-line selection focuses
on one superior plant, hybridisation crosses different plants, and mutation breeding
induces variation through agents.

Value-added response: Learners may elaborate by discussing the advantages and
limitations.of each method, such as genetic uniformity in pure-lines or the creation of
novel traits through mutation breeding.

Basic response: Modern methods include marker-assisted selection for precise gene
tracking, genetic engineering for direct DNA modification, and genomic selection for
whole-genome predictions.

Value-added response: Outstanding learners may provide examples such as Bt cotton
(genetic engineering), drought-tolerant rice (MAS), and genomic prediction in maize,
linking these to accelerated breeding progress.

Basic response: Case studies include high-yielding rice and wheat from the Green
Revolution, stress-tolerant maize, and rust-resistant wheat.
Value-added response: Learners may assess how these examples contribute to
sustainable agriculture, highlighting reduced input use, resilience to climate change, and
improved nutritional quality.

-
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Answers to Pilot Questions [Series 4]
Part 4.1: Objectives of crop breeding

Yield

Abiotic

Quality

Pest or disease attack (e.g., stem rust in wheat)

Improving nutritional value or cooking quality

Part 4.2: Conventional methods of crop breeding
Pure-line
Heterosis

Mass selection involves choosing many plants and bulking their seeds, while pure-line
selection focuses on one superior plant to establish uniformity.

It combines desirable traits from both parents, often resulting in higher yield or resistance.

To create new genetic variation that may result in beneficial traits.

Part 4.3: Modern methods of crop breeding
Markers
Engineering

Marker-assisted selection focuses on specific genes, while genomic selection uses information
from the entire genome.

Tissue culture (other valid answers: gene transfer, transgenic breeding).

CRISPR gene editing (other valid answers: bioinformatics, high-throughput sequencing).

Part 4.4: Applications and case studies

Green
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Disease
Drought-tolerant maize (other valid examples: flood-resistant rice, rust-resistant wheat).

Developing varieties that use fewer inputs, adapt to climate change, and meet nutritional
needs.

Genomic selection or CRISPR gene editing (other valid examples: marker-assisted selection).

References and Attributions [Series 4]

This section compiles references, suggested open educational resources (OERs), and Al prompts
used for illustrations in Series 4: Objectives and Methods of Crop Breeding.

General References

Acquaah, G. (2012). Principles of Plant Genetics and Breeding (2nd ed.). Chichester:
Wiley-Blackwell.

Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to Quantitative Genetics (4th ed.).
Harlow: Longman.

Singh, B. D., & Singh, A. K. (2015). Marker-Assisted Plant Breeding: Principles and Practices.
New Delhi: Springer.

OpenStax (2016). Biology. Houston, TX: OpenStax CNX. Available at:
https://openstax.org/books/biology

Figures, Tables, and Boxes

Figure 4.1 Crop yield improvement through breeding

Al prompt: “Generate a diagram showing crop yield improvement through selective
breeding in crops.”

Suggested OER search string: “crop yield improvement selective breeding diagram
OER”

Box 4.1 Examples of quality traits in crop breeding

Al prompt: “Generate a text box listing examples of quality traits in crop breeding,
including protein content in wheat, cooking quality in rice, and oil composition in
sunflower.”

Suggested OER search string: “quality traits crop breeding examples OER”

-
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Figure 4.2 Hybridisation process in crop breeding

Al prompt: “Generate a diagram showing the process of hybridisation between two crop
varieties, highlighting parental selection and offspring traits.”

Suggested OER search string: “hybridisation crop breeding diagram OER”
Figure 4.3 Genetic engineering process in crop breeding

Al prompt: “Generate a diagram showing genetic engineering in crops, including gene
insertion and trait expression.”

Suggested OER search string: “genetic engineering crop breeding diagram OER”
Box 4.2 Examples of sustainable crop breeding initiatives

Al prompt: “Generate a text box listing examples of sustainable crop breeding
initiatives, including climate-resilient rice, nutrient-enriched maize, and low-input
wheat varieties.”

Suggested OER search string: “sustainable crop breeding initiatives OER”

Course code: CPS 304
Course title: Crop Genetics and Breeding

Course credit load: 2 Units

Series 5: Advanced Topics in Crop
Breeding

Part 5.1: Polyploidy and wide hybridisation
Sub-Part 5.1.1: Definition and types of polyploidy
Sub-Part 5.1.2: Role of polyploidy in crop improvement
Sub-Part 5.1.3: Wide hybridisation and its applications
Part 5.2: Molecular and genomic innovations
Sub-Part 5.2.1: Marker systems beyond MAS (e.g., SNPs, SSRs)
Sub-Part 5.2.2: Genomic selection strategies in advanced breeding
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Sub-Part 5.2.3: CRISPR and genome editing technologies

Part 5.3: Breeding for complex traits
Sub-Part 5.3.1: Nutritional enhancement (biofortification)
Sub-Part 5.3.2: Climate resilience (heat, drought, flood tolerance)

Sub-Part 5.3.3: Multi-trait breeding challenges and solutions

Part 5.4: Future directions and ethical considerations
Sub-Part 5.4.1: Digital and data-driven breeding tools
Sub-Part 5.4.2: Ethical issues in advanced crop breeding

Sub-Part 5.4.3: Prospects for sustainable global food systems

Introduction

In the last Series, we examined the objectives and methods of crop breeding, focusing on both
conventional and modern approaches that have shaped agricultural progress. Building on that
foundation, this Series turns to advanced topics in erop breeding, where learners will encounter
cutting-edge innovations and complex challenges that define the future of plant improvement.
These advanced areas are crucial for addressing global food security, climate resilience, and
ethical considerations in agriculture.

The aim of this Series is to €quip you with knowledge of advanced breeding concepts and tools,
enabling you to analyse, evaluate, and apply them in real-world contexts. By engaging with these
topics, you will gain insight into how modern science and technology are transforming crop
breeding and how these advances can be harnessed responsibly for sustainable agriculture.

We shall commence this Series by exploring polyploidy and wide hybridisation, examining their
role in crop improvement. Next, we will move on to molecular and genomic innovations,
including advanced marker systems, genomic selection, and genome editing technologies such as
CRISPR. Following that, we will consider breeding for complex traits, including nutritional
enhancement, climate resilience, and multi-trait challenges. Finally, we will wrap up with future
directions and ethical considerations, highlighting digital tools, data-driven approaches, and the
broader implications of advanced crop breeding for sustainable global food systems.

Series Learning Outcomes

Upon completing this Series, you should be able to:

-
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SLO 5.1 define polyploidy and explain its role in crop improvement,

SLO 5.2 describe the process and applications of wide hybridisation,

SLO 5.3 differentiate between advanced marker systems such as SNPs and SSRs,

SLO 5.4 apply genomic selection strategies to predict breeding value,

SLO 5.5 explain the principles of CRISPR and genome editing technologies,

SLO 5.6 analyse breeding approaches for nutritional enhancement through biofortification,

SLO 5.7 evaluate breeding strategies for climate resilience, including tolerance to heat, drought, and
flooding,

SLO 5.8 discuss challenges and solutions in multi-trait breeding,
SLO 5.9 demonstrate awareness of digital and data-driven breeding tools,
SLO 5.10 assess ethical issues associated with advanced crop breeding, and

SLO 5.11 appraise future prospects of advanced crop breeding in sustainable global food systems.

5.1 Polyploidy and Wide Hybridisation

5.1.1 Definition and types. of polyploidy

Polyploidy refers to the condition in which an organism has more than two complete sets of
chromosomes. In plants, polyploidy is common and has played a significant role in crop
evolution and improvement. There are two main types: autopolyploidy, where multiple
chromosome sets'come from the same species, and allopolyploidy, where chromosome sets
come from different species. Polyploidy often results in larger plant organs, increased vigour,
and sometimes enhanced tolerance to environmental stresses.

Fillan the blank: When multiple chromosome sets come from different species, the condition is
called polyploidy.

-
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TYPES OF POLYPLOIDY IN PLANTS: CHROMOSOME SETS AND FORMATION
1. AUTOPOLYPLOIDY (Multiple sets from ONE species) 2. ALLOPOLYPLOIDY (Multiple sets from TWO species)
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Figure 5.1 Types of polyploidy in crop plants

5.1.2 Role of polyploidy in crop improvement

Polyploidy has been harnessed in crop breeding to improve traits such as fruit size, seedlessness,
and stress tolerance. For example, seedless watermelons are triploids, while bread wheat is an
allohexaploid combining genomes from three species. These examples show how polyploidy can
create novel traits that are highly valued in agriculture.

Fill in the blank: Seedless watermelons are an example of crops developed through
polyploidy.

5.1.3Wide hybridisation and its applications

Wide hybridisation involves crossing plants from different species or genera to combine
desirable traits. While such crosses are often difficult due to genetic incompatibility, techniques
such as embryo rescue and chromosome doubling can help stabilise hybrids. Wide hybridisation
has been used to introduce disease resistance, stress tolerance, and other valuable traits into
cultivated crops.

Fill in the blank: The technique used to stabilise hybrids from wide crosses by doubling
chromosomes is called doubling.
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Hybrid / Crop Cross / Technique Improved Traits / Notes

Combines high yield of wheat with disease resistance

Triticale Wheat < Rye and hardiness of rye.

Enhanced disease resistance (e.g., bacterial blight

Rice hybrids  Crosses with wild relatives .
resistance) and stress tolerance.

. Wide crosses with tropical and  Improved drought tolerance, pest resistance, and yield
Maize crosses

temperate lines stability.
Sunflower Crosses with wild sunflower Increased oil quality, disease resistance, and
hybrids species adaptability to marginal soils.
. . Crosses between cultivated and Improved fiber quality and resistance to bollworm and
Cotton hybrids .
wild cotton other pests.

Box 5.1 Examples of wide hybridisation in crop breeding

Pilot questions 5.1

When multiple chromosome sets come from different species, the condition is called
polyploidy.

Seedless watermelons are an example of crops developed through polyploidy.

The technique used to stabilise hybrids from wide crosses by doubling chromosomes is called
doubling.

Give one example of a crop-that is anallohexaploid.

State one application of wide hybridisation in crop breeding.

5.2 Molecular and Genomic Innovations

5.2.1 Marker systems beyond MAS

Marker systems are DNA-based tools used to identify genetic differences between plants.
Beyond traditional marker-assisted selection (MAS), advanced systems such as single
nucleotide polymorphisms (SNPs) and simple sequence repeats (SSRs) provide higher
resolution and accuracy. SNPs are single base changes in DNA, while SSRs are short repeating
sequences. These markers allow breeders to track traits more precisely and accelerate breeding
programmes.

-
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Fill in the blank: A single base change in DNA used as a marker is called a

5.2.2 Genomic selection strategies in advanced breeding

Genomic selection is a method that uses information from thousands of markers across the
genome to predict the breeding value of plants. Unlike MAS, which focuses on specific genes,
genomic selection considers the entire genetic makeup, making it more powerful for complex
traits such as yield or stress tolerance. This approach reduces the need for extensive field trials

and speeds up genetic gain.

Fill in the blank: Genomic selection differs from MAS because it considers the

genetic makeup of plants.

N INTEGRATED HYBRIDISATION STRATEGY
Figure 5.2 Comparison of MAS and genomic selection
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5(2.3 CRISPR and genome editing technologies

CRISPR is a genome editing tool that allows precise modification of DNA sequences in plants.
It works like molecular scissors, cutting DNA at specific sites and enabling the insertion,
deletion, or alteration of genes. CRISPR has revolutionised crop breeding by making it possible
to introduce traits such as disease resistance or improved nutrition quickly and accurately. Unlike
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traditional breeding, CRISPR does not rely on crossing or random mutations, but instead targets
exact genetic locations.

Fill in the blank: The genome editing tool that acts like molecular scissors is called

Pilot questions 5.2
A single base change in DNA used as a marker is called a

Genomic selection differs from MAS because it considers the genetic makeup of
plants.

What does SNP stand for in molecular marker systems?
State one advantage of genomic selection over conventional field trials.

Name the genome editing tool that acts like molecular scissors.

5.3 Breeding for Complexdraits

5.3.1 Nutritional enhancement (biofortification)

Biofortification is the process of breeding crops to increase their nutritional value. This can
involve enhancing levels of vitamins, minerals, or proteins in staple foods. For example,
orange-fleshed sweet potatoes have been bred to contain higher levels of vitamin A, while
iron-rich beans help address anaemia in populations with limited dietary diversity.
Biofortification ensures that crops not only provide calories but also essential nutrients for
human health.

Fill in the blank: The process of breeding crops to increase their nutritional value is called

5.8:2 Climate resilience (heat, drought, flood tolerance)

Breeding for climate resilience focuses on developing crops that can withstand extreme weather
conditions. Heat-tolerant wheat, drought-resistant maize, and flood-resistant rice are examples of
varieties created to adapt to changing climates. These crops help stabilise yields and reduce risks

-
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for farmers in vulnerable regions. Climate resilience is increasingly important as global
temperatures rise and weather patterns become more unpredictable.

Fill in the blank: Rice varieties that can survive prolonged flooding are examples of
-resistant crops.

CLIMATE-RESILIENT CROPS: HEAT, DROUGHT, & FLOOD TOLERANCE

I. HEAT-TOLERANT WHEAT Il. DROUGHT-RESISTANT MAIZE Ill. FLOOD-RESISTANT RICE
(e.q., TRITICUM AESTIVUM) (e.g., ZEA MAYS) (e.9., ORYZA SATIVA)
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Figure 5.3 Climate-resilient crops developed through breeding

5.3.3 Multi-trait breeding challenges and solutions

Breeding for multi-trait improvement involves combining several desirable traits, such as
yield, nutritional quality, and stress tolerance, into a single variety. This is challenging because
traits may interact in complex ways, and improving one trait can sometimes reduce another.
Solutions include genomic selection, advanced marker systems, and CRISPR gene editing, which
allow breeders to manage multiple traits more effectively.

Fill in the blank: Combining several desirable traits into a single variety is referred to as
-trait breeding.

Pilot questions 5.3

The process of breeding crops to increase their nutritional value is called
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Rice varieties that can survive prolonged flooding are examples of -resistant crops.
Give one example of a biofortified crop.
State one reason why climate resilience is important in crop breeding.

What is the main challenge in multi-trait breeding?

5.4 Future Directions and Ethical Considerations

5.4.1 Digital and data-driven breeding tools

Modern crop breeding increasingly relies on digital tools and data-driven approaches. These
include bioinformatics platforms, high-throughput phenotyping, and artificial intelligence models
that can predict plant performance. Digital breeding tools allow breeders to handle large datasets
efficiently, identify promising genotypes, and accelerate decision-making. By integrating field
data with genomic information, breeders can design more effective strategies for crop
improvement.

Fill in the blank: The use of artificial intelligence models to predict plant performance is an
example of breeding tools.

5.4.2 Ethical issues in advanced crop breeding

As breeding technologies advance, ethical considerations become more prominent. Issues
include ownership of genetic resources, equitable access to improved varieties, and concerns
about genetically modified organisms (GMOs). Ethical crop breeding requires balancing
innovation with fairness, transparency, and respect for biodiversity. Learners should be aware
thatidecisions in breeding can have social, economic, and environmental consequences.

Fill in the blank: Concerns about fairness and equitable access to improved varieties are
examples of considerations in crop breeding.

5.4.3 Prospects for sustainable global food systems

The future of crop breeding is closely tied to sustainability. Breeders aim to develop crops that
require fewer inputs, adapt to climate change, and contribute to healthier diets. Advanced tools

-
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such as CRISPR and genomic selection will continue to play a role, but success will depend on
integrating these innovations into broader food system strategies. Sustainable breeding ensures
that agricultural progress supports both present and future generations.

Prospect Focus / Impact
Climate-smart crops Varieties resilient to drought, floods, and heat stress, ensuring stable yields.
. - Biofortified crops enriched with iron, zinc, and vitamin A to combat
Nutrient-dense varieties i
malnutrition.

Low-input farming Crops requiring less fertilizer, pesticides, and water, promoting resource
systems efficiency.

Digital integration Use of Al, sensors, and big data to optimize breeding and farming practices.

Harnessing wild relatives and landraces to expand genetic diversity for

Biodiversity utilization e
resilience.

Box 5.2 Future prospects in sustainable crop breeding

Pilot questions 5.4

The use of artificial intelligence models to predict plant performance is an example of
breeding tools.

Concerns about fairness and equitable access to improved varieties are examples of
considerations in crop breeding.

State one ethical issue associated with advanced crop breeding.
Give one example of a digital tool used in modern breeding.

What is the main goal of sustainable crop breeding?

Series Summary

This Series has explored advanced topics in crop breeding, focusing on innovations and
challenges that shape the future of agriculture. We began with polyploidy and wide
hybridisation, examining how chromosome manipulation and inter-species crosses contribute to
crop improvement. We then moved on to molecular and genomic innovations, including
advanced marker systems, genomic selection, and genome editing technologies such as CRISPR.
Following that, we considered breeding for complex traits, highlighting nutritional enhancement
through biofortification, climate resilience, and the challenges of multi-trait improvement.

-
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Finally, we addressed future directions and ethical considerations, looking at digital tools,
fairness in breeding, and prospects for sustainable food systems.

By completing this Series, you should now be able to define and explain polyploidy and wide
hybridisation, apply genomic selection strategies, describe CRISPR and other advanced tools;
analyse approaches for biofortification and climate resilience, and evaluate ethical and
sustainability issues in crop breeding. In line with the Series Learning Outcomes, you are
equipped to demonstrate awareness of digital breeding tools, assess future prospects, and connect
advanced scientific methods to practical agricultural goals. This knowledge positions.you to
critically engage with the cutting edge of crop breeding and its role in building sustainable global
food systems.

Glossary of Terms

Allopolyploidy: A type of polyploidy whetre multiple sets of chromosomes come from different
species.

Biofortification: The process of breeding crops to increase their nutritional value, such as enhancing
vitamins or minerals.

Chromosome doubling: A technique used to stabilise hybrids from wide crosses by artificially
increasing the number of chromosomes.

Climate resilience: The ability of crops to withstand extreme weather conditions such as heat,
drought, or fleoding.

CRISPR: A genome editing tool that acts like molecular scissors, allowing precise modification of
DNA sequences.

Genomic selection: A'breeding method that uses information from the entire genome to predict the
breeding value of plants.

Multi-trait breeding: The process of combining several desirable traits, such as yield, nutrition, and
stress tolerance, into a single variety.

Polyploidy: The condition in which an organism has more than two complete sets of chromosomes.

Simple sequence repeats (SSRs): Short repeating DNA sequences used as molecular markers in
plant breeding.

Single nucleotide polymorphisms (SNPs): DNA markers based on single base changes in the
genetic code.

-
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Wide hybridisation: The crossing of plants from different species or genera to combine desirable

traits.

Concept Check Questions [Series 5]

Objective questions

The condition in which an organism has more than two complete sets of chromosomes is

called . (Linked to SLO 5.1)

Crossing plants from different species or genera to combine desirable traits is called

. (Linked to SLO 5.2)

A single base change in DNA used as a marker is called a . (Linked to SLO 5.3)

The genome editing tool that acts like molecular scissors is called . (Linked to SLO
5.5)

The process of breeding crops to increase their nutritional value is called . (Linked to
SLO 5.6)

Short-answer questions

Define allopolyploidy. (Linked to SLO 5.1)

State one exampleof wide hybridisation in crop breeding. (Linked to SLO 5.2)

Explain the difference between SNPs and SSRs as marker systems. (Linked to SLO 5.3)

Give one advantage of genomic selection over conventional field trials. (Linked to SLO 5.4)

State one ethicalissue associated with advanced crop breeding. (Linked to SLO 5.10)

Long-answer questions

Analyse the role of polyploidy in crop improvement, with examples. (Linked to SLO 5.1)

Evaluate the applications of wide hybridisation in crop breeding. (Linked to SLO 5.2)

Compare marker-assisted selection, genomic selection, and CRISPR genome editing. (Linked

-

to SLO 5.3, SLO 5.4, SLO 5.5)
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Discuss breeding approaches for complex traits such as biofortification and climate resilience.
(Linked to SLO 5.6, SLO 5.7, SLO 5.8)

Assess the future prospects and ethical considerations of advanced crop breedingin
sustainable food systems. (Linked to SLO 5.9, SLO 5.10, SLO 5.11)

Answers to Concept Check Questions [Series 5]

Objective questions

Polyploidy

Wide hybridisation

SNP (single nucleotide polymorphism)
CRISPR

Biofortification

Short-answer questions

Allopolyploidy is a type of polyploidy where chromosome sets come from different species.
Triticale (wheat x rye) is one example.
SNPs are single base changes in DNA, while SSRs are short repeating DNA sequences.

Genomic selection reduces the need for extensive field trials by predicting breeding value using
whole-genome data.

Ownership of genetic resources or equitable access to improved varieties.

Long-answer questions

Basic response: Polyploidy improves traits such as fruit size, seedlessness, and stress
tolerance. Examples include seedless watermelons and bread wheat.
Value-added response: Learners may expand by linking polyploidy to crop evolution,
genetic diversity, and its role in creating novel traits for agriculture.

Basic response: Wide hybridisation introduces traits like disease resistance and stress
tolerance from different species.

-
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Value-added response: Learners may elaborate on techniques such as embryo rescue
and chromosome doubling, and assess the challenges of genetic incompatibility.

Basic response: MAS focuses on specific genes, genomic selection uses whole-genome data,
and CRISPR allows precise DNA modification.
Value-added response: Outstanding learners may provide examples such as Bt cotton
(CRISPR), drought-tolerant rice (MAS), and genomic prediction in maize, linking them
to accelerated breeding progress.

Basic response: Biofortification enhances nutritional value, while climate resilience ensures
crops withstand heat, drought, or flooding.
Value-added response: Learners may discuss multi-trait breeding challenges and how
genomic tools help balance yield, nutrition, and resilience.

Basic response: Future prospects include digital breeding tools, climate-smart crops, and
nutrient-dense varieties, alongside ethical concerns about fairness and access.
Value-added response: Learners may critically assess how advanced breeding integrates
with global food systems, biodiversity conservation, and equitable distribution of
benefits.

-
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Answers to Pilot Questions [Series 5]
Part 5.1: Polyploidy and wide hybridisation

Allopolyploidy

Triploid

Chromosome doubling

Bread wheat

Introducing disease resistance or stress tolerance
Part 5.2: Molecular and genomic innovations

SNP (single nucleotide polymorphism)

Whole

Single nucleotide polymorphism

It reduces the need for extensive field trials by predicting breeding value using whole-genome
data.

CRISPR
Part 5.3: Breeding for complex traits
Biofortification
Flood
Orange-fleshed sweet potato (other valid examples: iron-rich beans, zinc-enriched rice)
It helps stabilise yields under extreme weather conditions.
Traits may interact in complex ways, making it difficult to improve several at once.
Part 5{4: Future directions and ethical considerations
Digital

Ethical
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Ownership of genetic resources or concerns about GMOs

Bioinformatics platforms or high-throughput phenotyping tools

To develop crops that support sustainable food systems by requiring fewer inputs, adaptingto
climate change, and improving nutrition

References and Attributions [Series 5]

This section compiles references, suggested open educational resources (OERs), and Al prompts
used for illustrations in Series 5: Advanced Topics in Crop Breeding.
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Acquaah, G. (2012). Principles of Plant Genetics and Breeding (2nd ed.). Chichester:
Wiley-Blackwell.

Singh, B. D., & Singh, A. K. (2015). Marker-Assisted Plant Breeding: Principles and Practices.
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Tester, M., & Langridge, P. (2010). Breeding technologies to increase crop production in a
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https://openstax.org/books/biology

Figures, Tables, and Boxes

Figure 5.1 Types of polyploidy in crop plants

Al prompt: “Generate a diagram showing autopolyploidy and allopolyploidy in plants,
highlighting chromosome sets.”

Suggested OER search string: “polyploidy types autopolyploidy allopolyploidy diagram
OER”
Box 5.1 Examples of wide hybridisation in crop breeding

Al prompt: “Generate a text box listing examples of wide hybridisation in crop breeding,
including triticale, disease-resistant rice hybrids, and stress-tolerant maize

crosses.”

Suggested OER search string: “wide hybridisation crop breeding examples OER”

-
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Figure 5.2 Comparison of MAS and genomic selection

Al prompt: “Generate a diagram comparing marker-assisted selection and genomic
selection, showing specific gene focus versus whole genome prediction.”

Suggested OER search string: “marker assisted selection vs genomic selection diagram
OER”

Figure 5.3 Climate-resilient crops developed through breeding

Al prompt: “Generate a diagram showing climate-resilient crops, including
heat-tolerant wheat, drought-resistant maize, and flood-resistantrice.”

Suggested OER search string: “climate resilient crops breedingdiagram OER”
Box 5.2 Future prospects in sustainable crop breeding

Al prompt: “Generate a text box listing future prospects in sustainable crop breeding,
including climate-smart crops, nutrient-densewvarieties, and low-input farming
systems.”

Suggested OER search string: “future prospects sustainable crop breeding OER”

-
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