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Series outline
1.1 Concept of Plant Breeding
¢ 1.1.1 Definition of Plant Breeding
¢ 1.1.2 Importance of Plant Breeding in Agriculture
1.2 Historical Perspective of Plant Breeding Objectives
e 1.2.1 Early Goals of Plant Breeding
e 1.2.2 Evolution of Objectives with Domestication
1.3 Major Objectives of Plant Breeding
e 1.3.1Yield Improvement

1.3.2 Resistance to Diseases and Pests

1.3.3 Adaptation to Environmental Conditions

¢ 1.3.4 Quality Improvement (nutritional, industrial, aesthetic)
1.4 Contemporary and Future Objectives

¢ 1.4.1 Sustainability and Climate Resilience

¢ 1.4.2 Genetic Diversity and Conservation

¢ 1.4.3 Meeting Global Food Security Needs

Introduction

Plant breeding has always been central to the progress of agriculture, shaping the crops that
sustain human societies. From the earliest farmers who selected seeds for desirable traits, to
modern scientists who employ advanced genetic tools, the objectives of plant breeding have
continually evolved to meet the needs of humanity. Understanding these objectives provides a
foundation for appreciating how crops are improved and adapted to changing environments, and
why plant breeding remains vital for food security and sustainable development.

The aim of this Series is to equip you with a clear understanding of the objectives of plant breeding,
enabling you to analyse their historical roots, evaluate their current relevance, and anticipate
future directions in crop improvement.
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We shall commence this Series by exploring the concept of plant breeding, including its definition
and importance. Next, we will examine the historical perspective of plant breeding objectives,
tracing how they have evolved over time. Following that, we will study the major objectives of plant
breeding, such as yield improvement, resistance to diseases and pests, adaptation to
environments, and quality enhancement. Finally, we will conclude by considering contemporary
and future objectives, including sustainability, genetic diversity, and global food security.

Series Learning Outcomes

Upon completing this Series, you should be able to:
e SLO 1.1 define the concept of plant breeding and explain its importance in agriculture,
e SLO 1.2 analyse the historical development of plant breeding objectives,

e SLO 1.3 evaluate the major objectives of plant breeding, including yield, resistance,
adaptation, and quality, and

e SLO 1.4 appraise contemporary and future objectives of plant breeding in relation to
sustainability, diversity, and food security.

1.1 Concept Of Plant Breeding
1.1.1 Definition of plant breeding

Plant breeding is the science and art of improving plants by altering their genetic makeup to
produce desired characteristics. The term plant breeding refers to the deliberate manipulation of
plant species to create varietieswith improved yield, resistance, adaptability, or quality. It is both a
scientific discipline, relying/on genetics and biology, and a practical art, requiring skill and
observation in selecting.and crossing plants.

Fillin the blank: Plant breedingis the and art of improving plants by altering their genetic
makeup.
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Diagram showing the cycle of plant breeding from selection to improved variety. Figure 1.1: The
plant breeding cycle

1.1.2 Importance of plant breeding in agriculture

The importance of plant breeding lies in its ability to address fundamental agricultural challenges.
By developing new crop varieties, breeders help ensure food security, improve nutritional quality,
and enhance resilience against pests, diseases, and environmental stresses. For example,
breeding for drought tolerance allows crops to thrive in water-scarce regions, while breeding for
pestresistance reduces reliance on chemical pesticides.

Fillin the blank: Breeding for tolerance allows crops to thrive in water-scarce regions.

IMPROVED
VARIETY &
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Image of farmers examining improved crop varieties in a field. Plate 1.1: Farmers evaluating
improved crop varieties
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Pilot questions 1.1
1. Plant breeding is defined as the science and art of what?
2. Whatis the main purpose of altering the genetic makeup of plants?
3. Name one agricultural challenge that plant breeding addresses.
4. Which trait allows crops to thrive in water-scarce regions?

5. Why is plant breeding considered both a science and an art?

1.2 Historical Perspective Of Plant Breeding Objectives
1.2.1 Early goals of plant breeding

In the earliest days of agriculture, plant breeding was not a formal science but rather a practical
activity carried out by farmers. The primary goal was to select plants that produced more food,
tasted better, or were easier to cultivate. The term selection refers to the process of choosing
plants with desirable traits to be grown and reproduced. Early farmersrelied on observation and
experience, gradually improving crops by saving seeds from the best-performing plants.

Fillin the blank: Early farmers improved crops by saving seeds from the plants.
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Develop traits that make farming
easier and more efficient (e.g.,
strong stalks, consistent ripening,
reduced seed shattering).

A 4

Box 1.1: Outline of early plant breeding goals
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1.2.2 Evolution of objectives with domestication

As agriculture advanced, the objectives of plant breeding expanded. With the domestication of
crops, breeders began to focus on traits such as uniformity, predictability, and adaptability to
different environments. Domestication is the process by which wild plants are adapted for human
use through cultivation and breeding. This shift allowed for more reliable harvests and the
development of crops suited to specific regions. For instance, rice varieties were bred to thrive in
flooded fields, while wheat was adapted to drier climates.

Fillin the blank: Domestication is the process by which wild plants are adapted for use
through cultivation and breeding.
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Diagram showing the transition from wild plants to domesticated crops. Figure 1.2: Evolution of
plant breeding objectives through domestication
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Pilot questions 1.2
1. What was the primary method used by early farmers to improve crops?
2. Define the term selection in the context of plant breeding.
3. What does domestication mean in plant breeding?
4. Name one trait that became important as crops were domesticated.

5. Give an example of a crop adapted to a specific environment through breeding.

1.3 Major Objectives Of Plant Breeding
1.3.1Yield improvement

One of the most important objectives of plant breeding is yieldimprovement, which refers to
increasing the amount of crop produced per unit area. Higheryieldsiensure that farmers can
produce more food to meet the demands of growing populations: Yield improvement is achieved
through selecting and crossing plants that exhibit traits such as larger seeds, more fruits, or faster
growth.

Fillin the blank: Yield improvement refers to increasing the amount of crop produced per
area.
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Diagram showing comparison between traditional and improved crop yields. Figure 1.3: Yield
improvement through plant breeding

1.3.2 Resistance to diseases and pests

Another major objective is breeding crops with resistance, which means the ability of plants to
withstand or fight off diseases and pests. Resistant varieties reduce the need for chemical
pesticides, making farming safer and.more sustainable. For example, maize varieties resistant to
stem borers or rice resistant to blast disease help farmers achieve stable harvests.

Fill in the blank: Resistant varieties reduce the need for chemical
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Image of healthy resistant crop plantscompared to diseased plants. Plate 1.2: Resistant crop
variety compared to susceptible plants

1.3.3 Adaptation to environmental conditions

Plant breeding also aims toimprove adaptation, which is the ability of crops to thrive under
specific environmental'conditions. This includes tolerance to drought, salinity, or extreme
temperatures. Adapted varieties ensure reliable harvests even in challenging climates. For
instance, sorghum.varieties bred for drought tolerance are widely grown in semi-arid regions.

Fillin the blank: Adaptation refers to the ability of crops to thrive under specific conditions.
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Diagram showing crop adaptation to different environments (drought, salinity, temperature). Figure
1.4: Crop adaptation to environmental conditions

1.3.4 Quality improvement (nutritional, industrial, aesthetic)

Beyondyield andresilience, breeders also focus on quality improvement, which refers to
enhancing nutritional value, industrial suitability, or aesthetic appeal of crops. Nutritional quality
includes higher protein content in cereals or increased vitamins in fruits. Industrial quality involves
traits like fibre strength.in cotton or oil content in sunflower. Aesthetic quality may include colour,
flavour, or shelf life, which influence consumer preference.

Fill in the blank: Nutritional quality improvement may include higher contentin cereals.
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%ﬁ[ EXAMPLES OF CROP QUALITY IMPROVEMENT
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Box 1.2: Examples of quality improvementin crops

Pilot questions 1.3
1. What does yield improvement aim to achieve in plant breeding?
2. Define resistance in the context of plant breeding.
3. Give one example of a crop adapted to drought conditions.
4. Whatis meant by quality improvement in plant breeding?

5. Name oneindustrialtrait improved through plant breeding.

1.4 Contemporary And Future Objectives
1.4.1 Sustainability and climate resilience

Modern plant breeding places strong emphasis on sustainability, which refers to practices that
maintain productivity without exhausting natural resources. Breeding for climate resilience
means developing crops that can withstand unpredictable weather patterns, such as floods,
droughts, orheat waves. These objectives ensure that agriculture remains viable in the face of
global climate change.

Fillin the blank: Breeding for climate resilience means developing crops that can withstand
unpredictable patterns.

-

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



OPEN EDUCATIONAL RESOURCE (OER) INFOGRAPHIC

CLIMATE-RESILIENT CROPS:
ADAPTATIONS TO ABIOTIC STRESSES

DROUGHT STRESS ~ FLOODSTRESS ~ HEAT STRESS

ADAPTATIONS ADAPTATIONS ADAPTATIONS
e DEEP ROOT SYSTEM e AERENCHYMATISSUE e HEAT SHOCK PROTEINS

/N B o
¢ MEMBRANE STABILITY

Water table
* REDUCED LEAF AREA

V v ¢ TRANSPIRATIONAL

o STOMATAL CONTROL COOLING

open oy
()
close

EXAMPLE CROP EXAMPLE CROP EXAMPLES OF

¥Y W

SORGHUM  PEARL SUBMERGENCE-TOLERANT  \pa1.701 ERANT CHICKPEA
WHEAT

RICE
(e.g., Swarna-Sub1)

4

INTEGRATED BREEDING
STRATEGIES
|l
FARMER ADOPTION

4

CLIMATE-RESILIENT
CROP VARIETIES

MILLET

OPEN EDUCATIONAL RESOURCE (OER INFOGRAPHIC (0 E R)

-

-

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



Diagram showing crops bred for resilience against drought, flood, and heat. Figure 1.5: Climate-
resilient crop varieties

1.4.2 Genetic diversity and conservation

Another contemporary objective is maintaining genetic diversity, which refers to the variety of
genes within and between plant species. Diversity provides a pool of traits that breeders can draw
upon to improve crops. Conservation of genetic resources, such as seed banks and.living
collections, ensures that rare or wild varieties are preserved for future use.

Fillin the blank: Genetic diversity refers to the variety of within and between plant species.

diversity
1.4.3 Meeting global food security needs

Finally, plant breeding aims to contribute to food security, which means ensuring that all people
have access to sufficient, safe, and nutritious food. Breeding crops that are high-yielding, resilient,
and nutritionally enhanced helps address hunger and malnutrition worldwide. This objective is
particularly important as the global population continues to grow.
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Fillin the blank: Food security means ensuring that all people have access to sufficient, safe, and

food.
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Box 1.3: Plant breeding contributions to food security
Pilot questions 1.4
1. What does sustainability mean in the context of plant breeding?
2. Define climate resiliencein plant breeding.
3. What s genetic diversity, and why is it important?
4. How are seed banks usedin plant breeding?

5. Whatis meant by food security, and how does plant breeding contribute to it?

Series Summary

This Series has introduced you to the objectives of plant breeding, which form the foundation of
crop improvement and agricultural progress. We began by defining plant breeding and highlighting
its importance in ensuring food security and resilience. Then, we traced the historical perspective,
showing how objectives evolved from simple selection by early farmers to more complex goals with
domestication. Following that, we examined the major objectives, including yield improvement,
resistance to diseases and pests, adaptation to environmental conditions, and quality
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enhancement. Finally, we explored contemporary and future objectives such as sustainability,
genetic diversity, and food security.

By completing this Series, you should now be able to define the concept of plant breeding and
explain its importance (SLO 1.1), analyse the historical development of objectives (SLO 1.2),
evaluate the major objectives of plant breeding (SLO 1.3), and appraise contemporary and future
objectives in relation to sustainability and global needs (SLO 1.4).

Glossary of Terms

¢ Adaptation: The ability of crops to thrive under specific environmental conditions such as
drought, salinity, or extreme temperatures.

e Domestication: The process by which wild plants are adapted for human use through
cultivation and breeding.

e Food security: Ensuring that all people have access to sufficient, safe, and nutritious food.

e Genetic diversity: The variety of genes within and betweenplant species, providing traits
for crop improvement.

¢ Plant breeding: The science and art of improving plants by altering their genetic makeup to
produce desired characteristics.

¢ Resistance: The ability of plants to withstand or fight off diseases and pests.

e Selection: The process of choosing plants with desirable traits to be grown and
reproduced.

e Sustainability: Agricultural practices that maintain productivity without exhausting natural
resources.

¢ Yield improvement: Increasing the amount of crop produced per unit area.
Concept Check Questions [Series 1]
Objective questions

1./ Plant breedingis defined as the and art of improving plants by altering their genetic
makeup: (Linked to SLO 1.1)

2. Which term refers to the process of choosing plants with desirable traits? (Linked to SLO
1.2)

3./ Yield improvement aims to increase crop production per unit . (Linked to SLO 1.3)
Short-answer questions

4. Explain why resistance to diseases and pests is a major objective of plant breeding. (Linked
to SLO 1.3)

-
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5.

What is meant by genetic diversity, and why is it important for future plant breeding?
(Linked to SLO 1.4)

Long-answer questions

6.

Analyse how the objectives of plant breeding have evolved from early farming practices to
modern-day sustainability goals. (Linked to SLO 1.2 and SLO 1.4)

o Basic response: Learners should describe early goals such as yield and taste, then
explain how domestication introduced uniformity and adaptability,and finally
mention modern objectives like sustainability and food security.

o Value-added response: Outstanding learners may connect these changesto
global challenges such as climate change, population growth, and the need for
nutritional enhancement, showing how objectives align with broader societal
needs.

Answers to Concept Check Questions [Series 1]

1.

2.

Science

Selection

Area

Resistant varieties reduce reliance on pesticides and ensure stable harvests.

Genetic diversity provides a pool of traits for breeders to improve crops and ensures long-
term adaptability.

o Basicresponse: Early farmers selected for yield and taste, domestication added
uniformity.and adaptability, and modern breeding focuses on sustainability and
food security.

o Value-added response: Modern objectives also address climate change, global
population growth, and nutritional needs, linking plant breeding to wider societal
and environmental challenges.

Answers to Pilot Questions [Series 1]

Science and art

To produce desired characteristics in plants

Food security, pest resistance, adaptation, quality improvement
Drought

Because it requires both scientific knowledge and practical skill
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e Saving seeds from the best-performing plants

e Choosing plants with desirable traits

e Adapted for human use

e Uniformity

e Riceinflooded fields, wheat in dry climates

e More food per unit area

e Withstand diseases and pests

e Sorghum

¢ Enhancing nutritional, industrial, or aesthetic traits

e Fibre strength in cotton

e Maintaining productivity without exhausting resources

e Withstand unpredictable weather patterns

e Variety of genes

e Preserving rare or wild varieties in seed banks

e Access to sufficient, safe, and nutritious food
References and Attributions [Series 1]

o Figures, Plates, and/Boxes were suggested as placeholders with Al prompts for illustration
generation.

o Figure 1.1: The plant breeding cycle — Al prompt: “lllustrate the plant breeding cycle with
stages:selection, crossing, evaluation, release.”

e Plate 1.1: Farmers evaluating improved crop varieties — Al prompt: “Photograph of farmers
in afield comparing traditional and improved crop varieties.”

e Figure 1.2: Evolution of plant breeding objectives through domestication — Al prompt:
“Diagram showing wild plants evolving into domesticated crops with traits like uniformity
and adaptability.”

e | Figure 1.3: Yield improvement through plant breeding — Al prompt: “Diagram comparing
traditional crop yields with improved varieties showing higher productivity.”

e Plate 1.2: Resistant crop variety compared to susceptible plants — Al prompt: “Photograph
showing resistant crop variety alongside diseased plants for comparison.”

-

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



o Figure 1.4: Crop adaptation to environmental conditions — Al prompt: “Diagram showing
crops adapted to drought, salinity, and extreme temperatures.”

e Box 1.2: Examples of quality improvement in crops — Al prompt: “Create a text box listing
examples of quality improvement: protein in cereals, fibre in cotton, oil in sunflower,
flavour in fruits.”

e Figure 1.5: Climate-resilient crop varieties — Al prompt: “Diagram showing crops adapted to
drought, flood, and heat stress.”

e Plate 1.3: Seed bank for conserving genetic diversity — Al prompt: “Photograph of seed bank
shelves with labelled jars of seeds.”

e Box 1.3: Plant breeding contributions to food security — Al prompt: “Create a text box listing
plant breeding contributions: high yield, resilience, nutrition.”

Series 2: Origin And Domestication

Series outline
2.1 Concept of Origin and Domestication
¢ 2.1.1 Definition of origin in plant breeding
e 2.1.2 Definition of domestication in plant breeding
¢ 2.1.3 Importance of origin and domestication in agriculture
2.2 Centres of Crop Origin
e 2.2.1 Primary centres of origin
e 2.2.2 Secondary centres of origin
e 2.2.3 Examples of major crop centres
2.3 Processes of Domestication
e | 2.3.1 Selection of desirable traits
e 2.3.2 Genetic changes during domestication
e 2.3.3 Adaptation to human needs and environments

2.4 Implications of Origin and Domestication for Plant Breeding

-

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



e 2.4.1 Contribution to genetic diversity
e 2.4.2 Role in modern breeding programmes

e 2.4.3 Challenges and opportunities for future breeding

Introduction

The origin and domestication of crops are fundamental to understanding how agriculture
developed and how plant breeding has evolved over time. From the earliest days when humans first
began cultivating wild plants, the process of adapting them for food, fibre, and other uses has
shaped societies and ecosystems. By studying where crops originated and how they were
domesticated, we gain insight into the genetic resources available for modern breeding and the
challenges of sustaining diversity in today’s agricultural systems.

The aim of this Series is to help you define and explain the concepts of origin and domestication,
analyse the centres of crop origin, describe the processes involved in domestication, and evaluate
their implications for plant breeding and food seécurity.

We shall commence this Series by clarifying the concept of origin and domestication, including
their definitions and importance. Next,we will examine the centres of crop origin, distinguishing
between primary and secondary centres with examples. Following that, we will explore the
processes of domestication, focusing on selection, genetic changes, and adaptation to human
needs. Finally, we will conclude by considering the implications of origin and domestication for
plant breeding, including their contribution to genetic diversity, their role in modern breeding
programmes, and the challenges and opportunities they present for the future.

Series Learning Outcomes
Upon completing this Series, you should be able to:

e . SLO 2.1 define the concepts of origin and domestication in plant breeding and explain their
importance in agriculture,

e SLO 2.2 describe the centres of crop origin, distinguishing between primary and secondary
centres with examples,

e SLO 2.3 analyse the processes of domestication, including selection of traits, genetic
changes, and adaptation to human needs, and

e SLO 2.4 evaluate the implications of origin and domestication for plant breeding, focusing
on genetic diversity, modern breeding programmes, and future challenges.
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2.1 Concept Of Origin And Domestication

2.1.1 Definition of origin in plant breeding

The origin of crops refers to the geographical regions where particular plants first appeared
were initially cultivated. These regions are important because they hold the greatest geneti
diversity of those crops, providing valuable resources for breeders. For example, wheat ate
in the Fertile Crescent, while maize originated in Central America.

Fillin the blank: The origin of crops refers to the regions where plants were first cultivated.

| GLOBAL CENTRES OF CROP ORIGIN

LEGEND
[ Fertile centrel of crop origin
L (Near East)

p with highlighted crop origins (e.g., wheat in Fertile Crescent, maize in
1: Centres of crop origin around the world

illin the blank: Domestication involves adapting wild plants for use through cultivation and
breeding.
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Image showing comparison between wild and domesticated crop varieties. Plate 2.1: Wild vs
domesticated crop varieties

2.1.3 Importance of origin and domestication in agriculture

-
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The study of crop origin and domestication is vital because it helps breeders understand the
genetic resources available for crop improvement. Knowledge of where crops originated allows
scientists to locate diverse varieties that may carry traits for disease resistance, climate
adaptation, or nutritional quality. Domestication explains how crops became suited to human
needs, and why conserving wild relatives remains important for future breeding.

Fillin the blank: Knowledge of crop origin helps breeders locate diverse varieties that may carry
traits for resistance or climate adaptation.

Importance of Crop Origin and Domestication

. ~ Understanding where crops come from and how they were domesticated
provides the foundation for sustainable agriculture and food security.

2. ADAPTATION 3. BREEDING RESOURCES

 Centers of crop origin harbor wide ¢ Domestication shaped crops to adapt » Wild relatives, landraces, and traditional
genetic variation in wild relatives to local environments and human needs. varieties are essential genetic resources.
and landraces. o Studying this process helps us = They provide genes for resistance,
 This diversity provides valuable traits understand adaptation to climate, quality traits, and yield potential.
such as disease resistance, pest soil, and biotic stresses. « These resources are crucial for
folerance, nutritio.na.ﬂ quality, and ¢ This knowledge supports the breeding programs and for sustaining
improved productivity. development of varieties resilient long-term food security.

to climate change and diverse
growing conditions.

Diversity is the raw material &/ 8 Adaptation ensures crops can \" Breeding resources today
for crop improvement. " “ thrive in changing environments. I&S~ secure food for tomorrow.
i WS | B
[ * )
LA A 4

Together, genetic diversity, adaptation and breeding resources from crop origin and domestication

drive innovation for sustainable agriculture and a food-secure future.

\S
Box 2.1: Importance of origin and domestication

Pilot questions 2.1
1./ What does the term origin mean in plant breeding?
2. Define domestication in the context of crops.
3. Give one example of a crop and its region of origin.
4.  Why is knowledge of crop origin important for breeders?

5. What happens to plants genetically during domestication?

2.2 Centres Of Crop Origin
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2.2.1 Primary centres of origin

Primary centres of origin are regions where crops first appeared and were domesticated. These
areas contain the highest genetic diversity for those crops, making them crucial for plant breeding.
For example, the Fertile Crescent is the primary centre for wheat and barley, while Central America
is the primary centre for maize.

Fillin the blank: Primary centres of origin are regions where crops first appeared and were

¥
E

‘z\? (=
FERTILE | 7
CRESCENT|-~

PACIFIC
OCEAN

/

CENTRAL
AMERICA

INDIAN
OCEAN

Centre of Origin:
Central America

Centre of Origin:
Fertile Crescent
(Middle East)

Domesticated around
~~ 10,000 BC in the Fertile
Crescent. A key staple
food globally.

Domesticated from wild
teosinte around 7000-5000
BC. Now grown worldwide
as a staple crop.

PACIFIC
OCEAN

Centre of Origin:
Asia
(China-India region)

Domesticated around
5000-3000 BC in Asia.
Feeds more people than
any other staple crop.

These centres of origin are reservoirs of genetic diversity, providing valuable traits for
crop improvement, adaptation and food security.

—

World map highlighting primary centres of origin for major crops. Figure 2.2: Primary centres of

crop origin

2.2.2 Secondary centres of origin

Secondary centres of origin are regions where crops spread after their initial domestication and
developed additional diversity. These centres are important because they often contain unique
traits not found in the primary centres. For instance, Africa is considered a secondary centre for

sorghum, and Europe for certain vegetable crops.

Fill in the blank: Secondary centres of origin are regions where crops spread after their initial
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Secondary Centres of Crop Origin

Africa Europe

Secondary Centre of Origin Secondary Centre of Origin

Image showing diverse crop varieties in secondary centres. Plate 2.2: Crop diversity in secondary
centres of origin

2.2.3 Examples of major crop centres

Several crops have well-documented centres of origin. Rice originated in Asia, maize in Central
America, potatoes in South America, and millet in Africa. These centres provide breeders with
access to diverse genetic material that can be used to improve modern varieties.

Fillin the blank: Potatoes originated.in America.
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Examples of Crop Centres:

e Rice - Asia
e Maize - Central America

e Potatoes — South America
e Millet — Africa

Box 2.2: Examples of major crop centres
Pilot questions 2.2
1. What are primary centres of origin?
2. Give one example of a‘crop-and its primary centre of origin.
3. What are secondary centres of origin?
4. Why are secondary centresiimportant for plant breeding?

5. Nametwo crops and their centres of origin.

2.3 Processes Of Domestication
2.3.1 Selection of desirable traits

The first step in domestication is selection, which refers to choosing plants that display traits
beneficial to humans. Early farmers selected crops with larger seeds, sweeter fruits, or reduced
bitterness. Over generations, these traits became fixed in cultivated varieties. Selection is
therefore the foundation of domestication, guiding the transformation of wild plants into useful
crops.

Fillin the blank: Selection refers to choosing plants that display traits to humans.
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Diagram: Selection of Desirable Traits (Larger Seeds and Sweeter Fruits) Over Generations in Plant Domestication
OVER GENERATIONS

Wild Ancestors > Generation 1 > Generation 2 _ Modern Domesticated Crop

WILD PLANT ) Generation 1 (G1) = Selection Generation 1 —> Generation 2 (G2) Generation 2 —> Generation N (MODERN DOMESTICATED cl!()l’W

.g., Wi i . M e
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CONTINUOUS SELECTION arger, softer ¢ S
Selected (e.%.,grains. g SO
|, Improved
1 Tasg;,vield

Smaller, 2
harder seeds = legumes) <

Y Harvesting
@

% o° Smallltr,!:rss O E / :
Smaller, paf::.;s o 0 Selected for Planting § Significantly Iasrg!ge':,'f;?:elgv,
harder seeds SELECT: 2 @ @ larger, sweeter, more flavorful

Slightly larger seeds k3 more flavorful fruits
: : a CONTINUOUS SELECTION fruits
o% / L slightly sweeter fruit Seed size/ Fruit sweetness |_ Repeated planting of best traits | > ‘
g/ ( N Q
Harvestin SEED SIZE COMPARISON FRUIT SWEETNESS & SIZE COMPARISON
9 J

Improved Improved
\___ Taste/Yield  Taste/Yield )

» Natural variation exists in 0 @
wild populations. (@)
Small Larg

ER - Open Educational Resource

« Farmers' selection is a forms rger Large g eetness Cont 35%
of artificial selection Wild Seed  Cultivated Modern Wild  Large S8 DL
: L Seed G5 Seed Fruit  Modem J
L OER - Open Educational Resource © )

Diagram showing selection of plants with larger seeds over generations. Figure 2.3: Selection of
desirable traits in domestication

2.3.2 Genetic changes during domestication

Domestication involves significant genetic changes, meaning alterations in the DNA of plants that
result in new characteristics. These changes may include reduced seed dispersal, increased yield,
or altered growth habits. For example, wild wheat naturally sheds its seeds, but domesticated
wheat retains them, making harvesting easier. Such genetic modifications distinguish
domesticated crops from their wild relatives.

Fillin the blank: Domesticated wheat retains its seeds, making easier.
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B W
WILD WHEAT (Triticum dicoccoides) DOMESTICATED WHEAT (Triticum aestivum
Shattering (Brittle Rachis): Seeds actively Non-shattering (Tough Rachis): Seeds are
disperse upon maturity. retained on the plant for harvest.
Image comparing wild wheat dispersal with domesticated wheat retention. Plate 2.3: Genetic
changes in wheat during domestication

2.3.3 Adaptation to human needs and environments

Domestication also leads to.adaptation, which is the process of crops becoming suited to human
needs and specific environments. Crops were bred to grow in diverse climates, from rice in flooded
paddies to maize in temperate zones. Adaptation ensures that crops provide reliable harvests and
meet nutritional or cultural preferences.

Fillin the blank: Adaptation is.the process of crops becoming suited to human and
environments.
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Q
E | EXAMPLES OF CROP ADAPTATION: FROM DOMESTICATION TO MODERN ENVIRONMENTS | z N

Rice in Flooded Paddies Maize in Temperate Zones Sorghum in Semi-Arid Regions
(Oryza sativa) (Zea mays) (Sorghum bicolor)
[ ADAPTATION: AQUATIC ENVIRONMENT | [ ADAPTATION: SEASONAL CLIMATES |  ADAPTATION: DROUGHT AND HEAT
LN < A

Aerenchyma
(air-conducting
tissue)

Drought
Resistance

Originating in the tropics (teosinte), maize

was bred to mature faster in regions with Sorghum is a hardy crop adapted to hot, dry
Rice, a semi-aquatic plant, was adapted to distinct four seasons and cooler temperatures. | | environments where other cereals cannot thrive
flooded conditions, which help control weeds | | Key Traits: Key Traits:
and provide consistent water. « Earlier flowering time. « Deep and extensive root system to access
Key Traits: « Shorter overall life cycle. deep water.
« Development of aerenchyma for oxygen « Cold tolerance during germination and « 'Stay-green’ trait (delayed senescence
transport to roots. early growth. under stress).

« Shallow root system for water uptake. « Adaptation to varying day lengths « Thick waxy cuticle to reduce water loss.

| * Tolerance to standing water. L (photoperiod sensitivity). )|« Ability to go dormant during severe drought.)

J
CONCLUSION: Domestication and selective breeding have sculpted crops to overcome environmental challenges,
enabling food production across diverse global landscapes.

DY {(OER - OPEN EDUCATIONAL RESOURCE )
Box 2.3: Examples of crop adaptation during domestication

I

SN

Pilot questions 2.3
1. What does selection mean in the context of domestication?
2. Give one example of a trait selected by early farmers.
3. What are genetic changes, and how do they affect domesticated crops?
4. Why does domesticated wheat retain its seeds?

5. Define adaptation in'the context of domestication and give one example.

2.4 Implications Of Origin And Domestication For Plant Breeding
2.4.1 Contribution to genetic diversity

Thesstudy of crop origin and domestication highlights the importance of genetic diversity, which
referstothe range of genetic traits found within and among plant species. This diversity provides
breeders with a reservoir of traits that can be used to improve crops, such as resistance to
diseases or tolerance to harsh environments. Without conserving genetic diversity, future breeding
efforts would be severely limited.

Fillin the blank: Genetic diversity provides breeders with a reservoir of traits that can be used to
improve
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Diagram: The Importance of Genetic Diversity in Diverse Crop Varieties

q-(THE BASIS: DIVERSE CROP VARIETIES (GENETIC DIVERSITY) }——( FUNCTIONAL TRAITS DERIVED OUTCOMES AND BENEFITS FOR FOOD SECURITY }—
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Crop failure.
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100 16 N
75 12 In summary, maintaining genetic diversity in crops through gene
Modern Commercial Genetically Modified Synthetics t{} 50 Vs 8 Cﬁ banks, breeding programs, and agricultural practices ensures
high-yielding crops (GM) Crops Hybrid or advanced 25 4 resilience and adaptability to future challenges like climate change,
& {e.g., standard wheat) bioengineering breed ) O SaasonE Dessas 0 coaseis Nelatila pests, and diseases, safeguarding global food security.
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Diagram showing genetic diversity among crop varieties. Figure 2.4: Genetic diversity in plant
breeding

2.4.2 Role in modern breeding programmes

Knowledge of crop origin and domestication plays a vitalrole in modern breeding programmes,
which are organised efforts to develop improved crop varieties. By tracing crops back to their
centres of origin, breeders can identify wild relatives with useful traits and incorporate them into
breeding strategies. For example, wild rice varieties have been used to introduce disease
resistance into cultivated rice.

Fillin the blank: Wild.rice varieties have been used to introduce resistance into cultivated
rice.
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Image of scientists working with wild and cultivated rice varieties. Plate 2.4: Use of wild relatives in
modern breeding programmes

2.4.3 Challenges and opportunities for future breeding

While origin and domestication provide valuable resources, they also present challenges. Many
wild relatives are endangered due to habitat loss, making conservation urgent. At the same time,
advances in biotechnology offer opportunities to harness genetic diversity more effectively. For
instance, molecular tools allow breeders to identify and transfer specific genes from wild plants
into cultivated crops, accelerating the breeding process.

Fillin the blank: Advances in allow breeders to identify and transfer specific genes from wild

plants into cultivated crops.
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" CHALLENGES & OPPORTUNITIES |
IN PLANT BREEDING

~——(OPPORTUNITIES )

1. LOSS OF WILD RELATIVES: 1. BIOTECHNOLOGY:
Decreasing genetic diversity in Advanced genetic engineering

wild populations, reducing the (GM) and related techniques for
‘gene pool' for future breeding. developing new crop varieties.
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Human activities and land use @@ DNA sequencing, marker-assisted
changes eliminate natural selection (MAS), and gene editing
= environments where wild crop ﬁg

relatives thrive.

(e.g., CRISPR) for faster, more
precise breedlng
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+

+

Balancing challenges and utilizing opportunities for sustainable food production.

\)
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Box 2.4: Challenges and opportunities in future breeding
Pilot questions 2.4
1. Whatis genetic diversity, and why isiitimportant for plant breeding?
2. How do modern breeding programmes benefit from knowledge of crop origin?
3. Give one example of a wild relative usedin breeding.
4. What challenges threaten the conservation of wild relatives?

5. Name one opportunity provided by biotechnology for future plant breeding.

Series Summary

This Series has explored.the origin and domestication of crops, which are central to understanding
the foundations of plant breeding. We began by clarifying the concepts of origin and domestication,
highlighting their definitions and importance. Then, we examined centres of crop origin,
distinguishing between primary and secondary centres with examples of major crops. Following
that, we studied the processes of domestication, including selection of desirable traits, genetic
changes, and adaptation to human needs. Finally, we considered the implications of origin and
domestication for plant breeding, focusing on genetic diversity, modern breeding programmes, and
future challenges.

By completing this Series, you should now be able to define and explain the concepts of origin and
domestication (SLO 2.1), describe centres of crop origin with examples (SLO 2.2), analyse the
processes of domestication (SLO 2.3), and evaluate their implications for plant breeding in terms of
diversity, modern programmes, and future opportunities (SLO 2.4).
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Glossary of Terms

e Adaptation: The process of crops becoming suited to human needs and specific
environments.

o Domestication: The process by which wild plants are adapted for human use through
cultivation and breeding.

e Genetic diversity: The range of genetic traits found within and among plant species.

e Modern breeding programmes: Organised efforts to develop improved crop varieties using
scientific methods.

e Origin: The geographical regions where crops first appeared and were initially cultivated.
o Primary centres of origin: Regions where crops first appeared and were domesticated.

o Secondary centres of origin: Regions where crops spread after initial domestication and
developed additional diversity.

o Selection: Choosing plants that display traits beneficial to-humans.
Concept Check Questions [Series 2]
Objective questions
1. Originreferstothe ___ regions.where crops were first cultivated. (Linked to SLO 2.1)

2. Whichterm describes regions where crops spread after initial domestication? (Linked to
SLO 2.2)

3. Domestication involves adapting wild plantsfor___ use. (Linked to SLO 2.1)
Short-answer questions
4. Explain why primary centres of origin are important for plant breeding. (Linked to SLO 2.2)
5. What genetic changes occur during domestication? (Linked to SLO 2.3)
Long-answer questions

6. Evaluate the implications of crop origin and domestication for modern plant breeding
programmes. (Linked to SLO 2.4)

o Basic response: Learners should explain how origin provides genetic diversity,
domestication adapts crops to human needs, and modern programmes use this
knowledge to improve varieties.

o Value-added response: Outstanding learners may discuss conservation
challenges, biotechnology opportunities, and the role of wild relatives in addressing
global food security.

-
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Answers to Concept Check Questions [Series 2]

1.

2.

Geographical

Secondary centres of origin

Human

They contain the highest genetic diversity, providing traits for crop improvement.

Changes such as reduced seed dispersal, increased yield, and altered growth habits.

o Basic response: Origin and domestication provide genetic diversity and adapted
traits, which modern programmes use to improve crops.

o Value-added response: They also highlight conservation challenges and
opportunities in biotechnology, ensuring food security and resilience in future
breeding.

Answers to Pilot Questions [Series 2]

Geographical regions

Adapting wild plants for human use

Wheat in Fertile Crescent, maize in Central America
To locate diverse varieties with useful traits

They become genetically distinct from wild relatives
Regions where crops first appeared and were domesticated
Wheat in Fertile Crescent

Regions where crops spread after initial domestication
They contain unique traits not found in primary centres
Rice in Asia, potatoes in South America

Choosing plants with beneficial traits

Larger seeds, sweeter fruits

Alterations in DNA resulting in new characteristics

To make harvesting easier

Becoming suited to human needs and environments

A reservoir of traits for crop improvement

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



e Bytracing crops back to centres of origin
o Wildrice used for disease resistance
e Habitat loss and endangerment of wild relatives
e Biotechnology and molecular tools
References and Attributions [Series 2]

e Figure 2.1: Centres of crop origin around the world — Al prompt: “World map highlighting
crop origins: wheat Fertile Crescent, maize Central America, rice Asia.”

o Plate 2.1: Wild vs domesticated crop varieties — Al prompt: “Photograph comparing wild
wheat with domesticated wheat varieties.”

e Box2.1:Importance of origin and domestication — Al prompt: “Create a text box
summarising importance of crop origin and domestication: genetic diversity, adaptation,
breeding resources.”

o Figure 2.2: Primary centres of crop origin — Al prompt: “World map highlighting primary
centres of origin: wheat Fertile Crescent, maize Central America, rice Asia.”

o Plate 2.2: Crop diversity in secondary centres of origin — Al prompt: “Photograph showing
diverse crop varieties in Africa and Europe as secondary centres of origin.”

o Box2.2: Examples of major crop centres — Al prompt: “Create a text box listing examples of
crop centres: rice Asia, maize Central America, potatoes South America, millet Africa.”

o Figure 2.3: Selection.of desirable traits in domestication — Al prompt: “Diagram showing
farmers selecting plants with larger seeds and sweeter fruits over generations.”

e Plate 2.3: Genetic changes inwheat during domestication — Al prompt: “Photograph
comparing wild wheat dispersing seeds with domesticated wheat retaining seeds.”

e Box2.3: Examples of crop adaptation during domestication — Al prompt: “Create a text box
listing examples of crop adaptation: rice in flooded paddies, maize in temperate zones,
sorghum in semi-arid regions.”

e  Figure 2.4: Genetic diversity in plant breeding — Al prompt: “Diagram showing diverse crop
varieties with traits like disease resistance and drought tolerance.”

e  Plate 2.4: Use of wild relatives in modern breeding programmes — Al prompt: “Photograph of
scientists comparing wild rice with cultivated rice in a laboratory.”

e Box2.4: Challenges and opportunities in future breeding — Al prompt: “Create a text box
listing challenges (loss of wild relatives, habitat destruction) and opportunities
(biotechnology, molecular tools).”

-
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Series 3: Breeding Methods

Series outline
3.1 Introduction to Breeding Methods
¢ 3.1.1 Definition of breeding methods
¢ 3.1.2Importance of breeding methods in crop improvement
3.2 Conventional Breeding Methods
¢ 3.2.1 Mass selection
e 3.2.2 Pure line selection
e 3.2.3 Hybridisation
3.3 Advanced Breeding Methods
¢ 3.3.1 Mutation breeding
o 3.3.2 Polyploidy breeding
e 3.3.3Tissue culture techniques
3.4 Molecular and Biotechnological Approaches
e 3.4.1 Marker-assisted selection (MAS)
e 3.4.2 Genetic engineering in crop breeding
e 3.4.3 Genomic selection
3.5 Comparative Evaluation and Applications
e 3.5.1 Advantages and limitations of different methods
e 3.5.2 Case studies of successful breeding programmes

e 3.5.3 Future prospects in plant breeding

Introduction

Breeding methods are at the heart of plant improvement, providing the practical tools through
which breeders achieve the objectives we explored earlier. From the earliest techniques of
selection to the most advanced molecular approaches, these methods determine how traits are
introduced, combined, and stabilised in crop varieties. Understanding breeding methods is

-
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therefore essential for appreciating both the history of plant breeding and its future potential in
addressing global agricultural challenges.

The aim of this Series is to introduce you to the range of breeding methods, from conventional
approaches to modern biotechnological techniques, and to enable you to evaluate their
applications, advantages, and limitations in crop improvement.

We shall commence this Series by defining breeding methods and explaining their importance.
Next, we will explore conventional methods such as mass selection, pure line selection, and
hybridisation. Following that, we will study advanced methods including mutationbreeding,
polyploidy breeding, and tissue culture techniques. Moving on, we will examine molecular and
biotechnological approaches such as marker-assisted selection, genetic engineering, and genomic
selection. Finally, we will conclude by comparing these methods, highlighting their advantages and
limitations, and considering case studies and future prospects in plant breeding.

Series Learning Outcomes
Upon completing this Series, you should be able to:
e SLO 3.1 define breeding methods and explain their importance in crop improvement.

e SLO 3.2 describe conventional breeding methods such as mass selection, pure line
selection, and hybridisation, and assess their applications.

e SLO 3.3 analyse advanced breeding methods including mutation breeding, polyploidy
breeding, and tissue culture techniques.

e SLO 3.4 evaluate molecularand biotechnological approaches such as marker-assisted
selection, genetic engineering, and genomic selection.

e SLO 3.5 compare different breeding methods, identifying their advantages, limitations, and
applications, and appraise future prospects in plant breeding.

3.1 Introduction To Breeding Methods
3.1.1 Definition of breeding methods

Breeding methods are systematic approaches used by plant breeders to improve crops by
introducing, combining, or stabilising desirable traits. These methods provide the framework for
achieving objectives such as higheryield, resistance, adaptation, and quality improvement.

Fill in the blank: Breeding methods are systematic approaches used to improve crops by
introducing or desirable traits.

-
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BREEDING

Selection
Mass selectlon

Cross-pollination ‘

within species.

8. W

Evaluate offspring

in fields. )

|
NVE@HCROP IMPROVEMENT

!

Advanced Breeding
(Assisted Methods)

&)

iﬁ | Hybridization

Selection

(Crossing)

Progeny
e

Mutation
Breeding

X-ray

Inducing genetic
variation
(e.g., radiation,
chemlcals)

Chemical
Mutagen

h 4

Polyploidy

Tissue Culture
In vitro propagation,

\_ doubled haploids. /

(@ |
@ o

Polyploidy

Increasing

\_chromosome sets.

( Summary: Diverse breeding methods, from simple selection to molecular precision, l

o

~
MOLECULAR
BREEDING
( ‘—Selected Q \
,| Marker-Assisted L
Selection (MAS) Markers
Selecting traits usmg
v Deswed
gene —[@»° .
Molecular Do 2
Breeding 3 P
(DNA-based Methods) ) | Genetic Modification
(GM / Transgenics)
Introducing foreign
\ genes. )
o
Genome Editing =
.g. Genome Editing
(6.0 CRISPR) (e.g., CRISPR)
Targeted, precise
\_ DNAchanges. )
JOER

all contribute to developing better crops for food security. 5

Diagram showing different breeding methods arranged as branches of crop improvement. Figure
3.1: Overview of breeding methods

3.1.2 Importance of breeding methods in crop improvement

Breeding methods are important because they determine how effectively breeders can achieve
their goals. Conventional methods such as selection and hybridisation laid the foundation of crop
improvement, while advanced and molecular methods now allow precise manipulation of plant
traits. Together, these methods ensure that agriculture can meet the demands of food security,
sustainability, and adaptation to climate change.

Fill in the blank: Conventional methods such as selection and __

improvement.

laid the found

ation of crop
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IMPORTANCE OF BREEDING METHODS

© 1. ACHIEVING BREEDING OBJECTIVES % & ¢

Developed to meet specific goals: higher yields, better quality, f
disease resistance, and environmental stress tolerance. \ j

Trait cross

2. COMBINING DESIRABLE TRAITS

R~ % 8.
Enables breeders to bring together valuable traits ,‘é% é“
from different sources (species or varieties) into a DW

single superior plant.

3. ENSURING FOOD SECURITY 4

Forms the foundation of sustainable agriculture by creating //
robust, high-yielding, and resilient crop varieties to feed
a growing population and withstand climate challenges.  comistentcro

performance ’

(/@) OER - OPEN EDUCATIONAL RESOURCE
Box 3.1: Importance of breeding methods

Marker-assisted
selection/genomics

Pilot questions 3.1
1. What are breeding methods in plantbreeding?
2. Why are breeding methods important for crop improvement?
3. Name two conventional breeding methods.
4. How do molecular methods differ from conventional methods?

5. What global challenges make breeding methods essential today?

3.2 Conventional Breeding Methods
3.2.1 Mass selection

Mass selection is one of the oldest breeding methods. It involves selecting a large number of
plants with desirable traits from a population and harvesting their seeds together. Over time, this
leads to improved varieties with those traits more consistently expressed. Mass selection is
simple;.inexpensive, and effective for crops that are naturally cross-pollinated.

Fillin the blank: Mass selection involves choosing a large number of plants with desirable

-
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Diagram: Mass Selection in Crops and Farmer Seed Pooling U .
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Diagram showing farmers selecting plants with desirable traits and pooling seeds. Figure 3.2: Mass

selection process

3.2.2 Pure line selection

Pure line selection involves choosing a single plant with desirable traits and propagating it to
produce a genetically uniform line. This method is particularly useful for self-pollinated crops such
as wheat and rice. Pure line varieties are highly uniform, which makes them predictable in
performance, but they may lack genetic diversity.

line of plants.

Fillin the blank: Pure line selection produces a genetically
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Image showing uniform.crop plants derived from pure line selection. Plate 3.1: Pure line selection
in crops

3.2.3 Hybridisation

Hybridisation is the process of crossing two genetically different plants to produce offspring with
desirable traits from both parents. Hybrids often show heterosis or hybrid vigour, meaning they
outperform both parents in yield or resilience. This method is widely used in maize, rice, and many
vegetables.

Fillin the blank: Hybridisation is the process of crossing two genetically plants.
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ADVANTAGES OF HYBRIDISATION IN PLANT BREEDING
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F1 hybrids often exhibit superior Brings together valuable traits from Consistently higher, more stable yields
performance compared to their parents = different parents into a single superior of premium quality crops (uniformity
(improved growth, size, resilience). plant (combining ‘good traits' like yield, and enhanced market traits).

quality, and resistance).
1

Box 3.2: Advantages of hybridisation

Pilot questions 3.2
1. Whatis mass selection, and why is it effective for cross-pollinated crops?
2. Define pure line selection andgive one example of a crop where it is used.
3. Whatis hybridisation in plant breeding?
4. Explainthe term heterosis.

5. Name oneadvantage and one limitation of pure line selection.

3.3 Advanced Breeding Methods
3.3.1 Mutation breeding

Mutation breeding involves exposing seeds or plant material to physical or chemical agents that
cause genetic mutations. Some mutations may result in desirable traits such as disease resistance
orimproved nutritional quality. This method has produced several successful crop varieties,
including disease-resistant wheat and improved rice.

FilLin the blank: Mutation breeding involves exposing seeds to agents that cause genetic
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Diagram showing mutation breeding process with seeds exposed to radiation and resulting in new
traits. Figure 3.3: Mutation breeding process

3.3.2 Polyploidy breeding

Polyploidy breeding is based on increasing the number of chromosome sets in plants. Polyploid
plants often show larger size, improved vigour, and sometimes sterility, which can be useful in
crops like seedless fruits. For example, seedless watermelons are produced through polyploidy
breeding.

Fillin the blank: Polyploidy breeding increases the number of sets in plants.
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Image showing seedless watermelon produced through polyploidy breeding. Plate 3.2: Seedless
watermelon from polyploidy breeding

3.3.3Tissue culture techniques

Tissue culture involves growing plant cells, tissues, or organs under sterile conditions in a nutrient
medium. This method allows rapid multiplication of plants, production of disease-free material,
and conservation of rare species. It is widely used in crops such as bananas, orchids, and
potatoes.

Fill in the blank: Tissue culture involves growing plant cells under conditions in a nutrient
medium.
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% . 1. RAPID MULTIPLICATION (Micropropagation) mANE
Quickly produce large numbers of identical plants from a small @
starting piece, ideal for cloning and high-volume production. o

e 2. DISEASE-FREE PLANTS (Pathogen Elimination) [ELHJ]EE

Generate pathogen-free plants by using meristem culture and heat
treatments, ensuring clean planting material and preventing disease
spread.

e 3. CONSERVATION OF RARE SPECIES (Germplasm Preservation)

In vitro techniques, like slow-growth culture and cryopreservation, are
used for long-term storage and saving endangered or rare plant species. /.
e

& Tissue culture is a versatile biotechnology with numerous uses in agriculture, forestry, and environmental conservation. Y,
OER - Open Educational Resource (@0}
Box 3.3: Applications of tissue culture

Pilot questions 3.3
1. Whatis mutation breeding, and give one example of its application.
2. Define polyploidy breeding and mention one crop where it is used.
3. Whatis tissue culture, and why.is it important?
4. How are seedless fruits produced through polyploidy breeding?

5. Name two applications of tissue culture in plant breeding.

3.4 Molecular And Biotechnological Approaches
3.4.1 Marker-assisted selection (MAS)

Marker-assisted selection (MAS) uses molecular markers linked to specific genes to identify
plants carrying desirable traits. This allows breeders to select plants at the seedling stage without
waiting for them to mature. MAS is especially useful for traits that are difficult to observe directly,
such as disease resistance or drought tolerance.

FilLin the blank: Marker-assisted selection uses molecular linked to specific genes.
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Diagram showing MAS process with DNA markers identifying resistant seedlings. Figure 3.4:
Marker-assisted selection process

3.4.2 Genetic engineering in crop breeding

Genetic engineering involves directly modifying the DNA of plants to introduce new traits. This
may include inserting genes for pest resistance, herbicide tolerance, or improved nutritional
content. Examples include Bt cotton, which resists insect pests, and Golden Rice, which contains
enhanced vitamin A.

Fillin the blank: Genetic engineeringinvolves directly modifying the of plants.
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Resources (OER)

Bt Cotton
(Genetically Engineered
to resist bollworms)

Golden Rice
(Genetically Engineered to
produce beta-carotene)

Image showing genetically engineered crops such as Bt cotton and Golden Rice. Plate 3.3:
Genetically engineered crops

3.4.3 Genomic selection

Genomic selection uses information from the entire genome of a plant to predict its breeding
value. Unlike MAS, which focuses on specific markers, genomic selection considers thousands of
markers across the genome. This.approach speeds up breeding programmes and increases
accuracy in selecting plants with complex traits such as yield and resilience.

Fill in the blank: Genoemic selection considers thousands of markers across the

Daa)
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Box 3.4: Advantages of genomic selection

Pilot questions 3.4

1. Whatis marker-assisted selection, and why is.it useful?

2. Define genetic engineering and give one example of its application.

3. Whatis Bt cotton, and what trait does it carry?

4. How does genomic selection differ from MAS?

5. Name one advantage of genomic selection in plant breeding.

3.5 Comparative Evaluation And Applications

3.5.1 Advantages and limitations of different methods

Each breeding method has strengths and weaknesses. Conventional methods such as mass
selection and pure line selection are simple and inexpensive but may lack precision. Advanced
methods like mutation breeding and tissue culture introduce new traits and allow rapid
multiplication but require specialised facilities. Molecular approaches such as MAS and genomic

selection offer high accuracy but can be costly and technically demanding.

Fillin the blank: Conventional methods are simple and inexpensive but may lack
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Diagram comparing conventional, advanced, and molecular breeding methods with pros and cons.
Figure 3.5: Comparative evaluation of breeding methods

3.5.2 Case studies of successful breeding programmes

Several crops illustrate the success of different breeding methods. Hybrid maize demonstrates the
power of hybridisation and heterosis. Golden Rice shows how genetic engineering can address
nutritional deficiencies. Tissue culture has enabled large-scale production of disease-free
bananas. These case studies highlight the practical impact of breeding methods on global
agriculture.

Fillin the blank: Golden Rice was developed through genetic engineering to address
deficiencies.
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Image showing Golden Rice and hybrid maize as case studies. Plate 3.4: Case studies of
successful breeding programmes

3:5.3 Future prospects in plant breeding

The future of plant breeding lies in integrating conventional, advanced, and molecular methods.
Biotechnology and genomics will continue to accelerate breeding, while conservation of genetic
diversity remains essential. Climate change, food security, and sustainability will drive innovation
in breeding methods, ensuring crops are resilient and productive in diverse environments.
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Fillin the blank: The future of plant breeding lies in integrating conventional, advanced, and
methods.

‘FUTURE PROSPECTS IN PLANT BREEDING'’

FUTURE PROSPECTS: KEY DRIVERS OF PLANT BREEDING SUCCESS
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( Summary: The synergistic integration of advanced tools and clear \
climate-focused goals will define the future of plant breeding.
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Box 3.5: Future prospects in plant breeding
Pilot questions 3.5
1. Whatis one limitation of conventional breeding methods?
2. Give one example of asuccessful breeding programme and the method used.
3. What nutritional deficiency does Golden Rice address?
4. How do molecular methods.improve accuracy in breeding?

5. What global challengeswill shape the future of plant breeding?

Series Summary

This Series has examined the methods of plant breeding, which are the practical tools breeders
use to achieve crop improvement. We began with an introduction to breeding methods, defining
them and explaining their importance. Next, we explored conventional methods such as mass
selection, pure line selection, and hybridisation. We then studied advanced methods including
mutation breeding, polyploidy breeding, and tissue culture techniques. Following that, we analysed
molecular and biotechnological approaches such as marker-assisted selection, genetic
engineering, and genomic selection. Finally, we compared these methods, reviewed case studies
of successful breeding programmes, and considered future prospects in plant breeding.
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By completing this Series, you should now be able to define breeding methods (SLO 3.1), describe
conventional methods (SLO 3.2), analyse advanced methods (SLO 3.3), evaluate molecular
approaches (SLO 3.4), and compare different methods with their applications and future prospects
(SLO 3.5).

Glossary of Terms

¢ Breeding methods: Systematic approaches used to improve crops by introducing,
combining, or stabilising traits.

¢ Mass selection: Selecting many plants with desirable traits and pooling their seeds.

e Pure line selection: Choosing one plant with desirable traits and propagating it to produce
a uniform line.

¢ Hybridisation: Crossing two genetically different plants to combine desirable traits.
e Heterosis: Hybrid vigour, where offspring outperform both parents.
o Mutation breeding: Using agents to induce genetic mutations for new traits.
o Polyploidy breeding: Increasing chromosome sets to produce larger or seedless plants.
o Tissue culture: Growing plant cells or tissues under sterile conditions in nutrient media.
¢ Marker-assisted selection (MAS): Using DNA markers to select plants with specific traits.
¢ Genetic engineering: Direct modification of plant DNA to introduce new traits.
¢ Genomic selection: Using genome-wide markers to predict breeding value.
Concept Check Questions [Series 3]
Objective questions

1. Breeding methods are systematic approaches used to improve crops by introducing or
desirable traits. (Linked to SLO 3.1)

2. Pure line selection produces a genetically line of plants. (Linked to SLO 3.2)

3. Hybridisationis the process of crossing two genetically plants. (Linked to SLO 3.2)

Short-answer questions

4. Explain the principle of mass selection. (Linked to SLO 3.2)

5. What is mutation breeding, and give one example of its application. (Linked to SLO 3.3)
Long-answer questions

6. Compare conventional, advanced, and molecular breeding methods, highlighting their
advantages and limitations. (Linked to SLO 3.5)

-
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o Basicresponse: Learners should describe each category of methods and note their
strengths and weaknesses.

o Value-added response: Outstanding learners may include case studies, discuss
integration of methods, and evaluate future prospects in addressing global
challenges.

Answers to Concept Check Questions [Series 3]

1. Combining
2. Uniform
3. Different

4. Selecting many plants with desirable traits and pooling their seeds to improve the
population.

5. Mutation breeding involves inducing genetic changes usingradiation or chemicals; e.g.,
disease-resistant wheat.

o Basicresponse: Conventional methods are simple but less precise, advanced
methods introduce new traits but require facilities, molecular methods are highly
accurate but costly.

o Value-added response: Case studies such as hybrid maize, Golden Rice, and
tissue culture bananas show practical impact. Future prospects lie in integrating
methods and using biotechnology to address food security and climate resilience.

Answers to Pilot Questions [Series 3]
¢ Introducing or stabilising desirable traits
e To achieve crop improvement goals
e _Mass selection, pure line selection
e Molecular methods use DNA markers and genome data for precision
e Food security and climate change
e  Choosing plants with desirable traits and pooling seeds
e Produces genetically uniform lines, e.g., wheat
o Crossing genetically different plants
e Hybrid vigour (heterosis)

e Advantage: uniformity; limitation: reduced diversity

o)
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¢ Inducing mutations for new traits, e.g., rice improvement

e Increasing chromosome sets, e.g., seedless watermelon

e Growing plant cells under sterile conditions

e By creating polyploid plants that are sterile

e Rapid multiplication, disease-free plants

e DNA markers linked to genes

o Direct modification of plant DNA

e Btcottonresistsinsect pests

e Genomic selection uses genome-wide markers

o Faster breeding, higher accuracy

e Lackof precision

e Golden Rice via genetic engineering

e Vitamin A deficiency

e By using DNA markers and genome-wide data

o Climate change, food security, sustainability
References and Attributions [Series 3]

o Figure 3.1: Overview of breeding methods — Al prompt: “Diagram showing conventional,
advanced, and molecular breeding methods branching from crop improvement.”

e Box 3.1:Importance of breeding methods — Al prompt: “Create a text box summarising
importance of breeding methods: achieving objectives, combining traits, ensuring food
security.”

e _Figure 3.2: Mass'selection process — Al prompt: “Diagram showing mass selection in crops
with farmers pooling seeds from selected plants.”

o Plate 3.1: Pure line selection in crops — Al prompt: “Photograph showing uniform wheat
plants derived from pure line selection.”

e | Box 3.2: Advantages of hybridisation — Al prompt: “Create a text box listing advantages of
hybridisation: heterosis, combining traits, improved yield.”

e Figure 3.3: Mutation breeding process — Al prompt: “Diagram showing seeds exposed to
radiation or chemicals leading to new crop traits.”

-
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Plate 3.2: Seedless watermelon from polyploidy breeding — Al prompt: “Photograph of
seedless watermelon produced through polyploidy breeding.”

Box 3.3: Applications of tissue culture — Al prompt: “Create a text box listing applications of
tissue culture: rapid multiplication, disease-free plants, conservation of rare species.”

Figure 3.4: Marker-assisted selection process — Al prompt: “Diagram showing DNA markers
identifying resistant seedlings in plant breeding.”

Plate 3.3: Genetically engineered crops — Al prompt: “Photograph of Bt cotton and Golden
Rice as examples of genetically engineered crops.”

Box 3.4: Advantages of genomic selection — Al prompt: “Create a text box listing advantages
of genomic selection: faster breeding, higher accuracy, complex trait improvement.”

Figure 3.5: Comparative evaluation of breeding methods — Al prompt: “Diagram comparing
conventional, advanced, and molecular breeding methods with advantages and
limitations.”

Plate 3.4: Case studies of successful breeding programmes.— Al prompt: “Photograph of
Golden Rice grains and hybrid maize fields.”

Box 3.5: Future prospects in plant breeding — Al prompt: “Create a text box summarising
future prospects: integration of methods, biotechnology, genomics, climate resilience.”

Series 4: Chromosome Manipulation

Series Outline

4.1 Introduction to Chromosome Manipulation

4.1.1 Definition and scope

4.1.2 Importance in plant breeding

4.2 Polyploidy and Its Applications

4.2.1 Natural and induced polyploidy
4.2.2 Effects of polyploidy on plant traits

4.2.3 Examples of polyploid crops

4.3 Aneuploidy and Chromosome Engineering

-
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¢ 4.3.1 Definition and types of aneuploidy
e 4.3.2Use of aneuploids in genetic studies
e 4.3.3 Chromosome addition, substitution, and elimination
4.4 Techniques of Chromosome Manipulation
e 4.4.1 Colchicine treatment for polyploidy induction
e 4.4.2Tissue culture and chromosome doubling
e 4.4.3 Cytogenetic tools for chromosome analysis
4.5 Applications and Future Prospects
e 4.5.1Roleincropimprovement (e.g., seedless fruits, disease resistance)
e 4.5.2 Limitations and challenges of chromosome manipulation

e 4.5.3 Future directions in chromosome engineering and genomics

Introduction

Chromosome manipulation is a specialised area of plant breeding that focuses on altering the
number, structure, or behaviour of chromosomes to achieve crop improvement. Since
chromosomes carry the genetic material of plants, manipulating them allows breeders to create
new varieties with desirable traits such as larger fruits, seedlessness, or enhanced resistance. This
field combines cytogenetics, biotechnology, and breeding techniques to expand the possibilities of
crop improvement beyond conventional methods.

The aim of this Series. is to introduce you to the principles and techniques of chromosome
manipulation, explain how polyploidy and aneuploidy affect plant traits, and evaluate their
applications in modern plant breeding.

We shall commence this Series by defining chromosome manipulation and explaining its
importance. Next, we will study polyploidy, both natural and induced, and its applications in
crops! Following that, we will examine aneuploidy and chromosome engineering, including
chromosome addition, substitution, and elimination. We will then explore techniques of
chromosome manipulation, such as colchicine treatment, tissue culture, and cytogenetic tools.
Finally, we will conclude with applications and future prospects, highlighting successes,
limitations, and the role of chromosome engineering in future genomics-driven breeding.

Series Learning Outcomes (SLOs) — Series 4: Chromosome Manipulation
By the end of this Series, you should be able to:

e SLO 4.1 define chromosome manipulation and explain its importance in plant breeding.
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e SLO 4.2 describe polyploidy, distinguish between natural and induced forms, and analyse
its effects on plant traits with examples.

e SLO 4.3 explain aneuploidy and chromosome engineering, including chromosome addition,
substitution, and elimination, and evaluate their uses in genetic studies.

e SLO 4.4 identify and discuss techniques of chromosome manipulation such as colchicine
treatment, tissue culture, and cytogenetic tools.

e SLO 4.5 evaluate applications, limitations, and future prospects of chromosome
manipulation in crop improvement and genomics.

4.1 Introduction To Chromosome Manipulation
4.1.1 Definition and scope

Chromosome manipulation refers to techniques used to alter the number, structure, or behaviour
of chromosomes in plants. Since chromosomes carry genetic'material, manipulating them allows
breeders to create new varieties with desirable traits such as larger fruits, seedlessness, or
improved resistance. The scope of chromosome manipulation extends from basic cytogenetic
studies to advanced applications in crop improvement.

Fillin the blank: Chromosome manipulation refers to techniques used to alter the number,
structure, or of chromosomes in plants.

Diagram: Chromosome Manipulation for Seedless Fruits and Larger Crops
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p

APPLICATIONS OF CHROMOSOME MANIPULATION: ) E\\ > 3

SUMMARY 1. Increase genetic variation. 3 & ‘ .\yﬁ/ &
4. Transfer traits across

2. Control ploidy level. 5 %
& APPLICATIONS |_3: Target multigene families. ¥ boundaries. species boundaries. Seedless Larger o [@Nole)

Diagram showing chromosomes being altered for crop improvement. Figure 4.1: Scope of
chromosome manipulation

4.1.2 Importance in plant breeding
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Chromosome manipulation is important because it expands the possibilities of crop improvement
beyond conventional breeding. Polyploidy has produced seedless fruits like watermelons, while
chromosome engineering has helped transfer resistance genes from wild relatives into cultivated
crops. These techniques provide breeders with powerful tools to address challenges such as food
security, climate change, and sustainability.

Fillin the blank: Polyploidy has produced seedless fruits such as

e SEEDLESS FRUITS ¢ DISEASE RESISTANCE ¢ CROP IMROVEMENT

7

I IITI.

Yield Size Quality

0/
g
¢
/
i.

@ FEnables production of fruits e DISEASE RESISTANCE

without seeds (e.g., Drives significant genetic gain,
watermelon, grapes, banana) leading to higher yields, larger
through triploid induction and plants, better nutritional quality, and
other techniques. improved plant architecture.

@ @) (O) OER - OPEN EDUCATIONAL RESOURCE OER - OPEN EDUCATIONAL RESOURCE [@IOIEIC]

Box 4.1: Importance of chromosome manipulation
Pilot questions 4.1
1. Whatis chromosome manipulation in plant breeding?
2. Why is chromosome manipulation important for crop improvement?
3. Give one example of a crop produced through polyploidy.
4./ Howdoes chromosome manipulation differ from conventional breeding methods?
5. What global challenges make chromosome manipulation essential today?
4.1 Introduction To Chromosome Manipulation
4.1.1 Definition and scope

Chromosome manipulation refers to techniques used to alter the number, structure, or behaviour
of chromosomes in plants. Since chromosomes carry genetic material, manipulating them allows
breeders to create new varieties with desirable traits such as larger fruits, seedlessness, or
improved resistance. The scope of chromosome manipulation extends from basic cytogenetic
studies to advanced applications in crop improvement.
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Fillin the blank: Chromosome manipulation refers to techniques used to alter the number,
structure, or of chromosomes in plants.

CHROMOSOME MANIPULATION IN PLANT BREEDING [©383 cer

PATHWAY 1: PRODUCING SEEDLESS FRUITS (Inducing Triploidy)  Examples: How Triploidy creates Seedlessness
R MEIOSIS ERROR FRUIT PRODUCTION

&) DOUBLED
Chromosomes

have been @ ‘//ﬂ\"

(e.g. Colchicine) (FEREESS

N

( z’ TRIPLOID (3n)

L &) > @ HYBRID SEED AL

NORMAL DIPLOID TETRAPLOID ' Diploid MEIOSIS ERROR SEEDED SEEDLESS
(2n) PLANT (4n) PLANT Female IN 3n PLANT BANANA BANANA

No functional
seeds

/r\ i, @ IN 3n PLANT
) FERTILIZATION
Gamete |
S

PATHWAY 2: PRODUCING LARGER CROPS (Chromosomal Doubling & Engineering) Benefits of Polyploidy & Engineering for Size.

TARGETED GENE INSERTION IMPROVED CROP VARIETIES
/ GENOME EDITING

/| Largersize
Normal 7 »
DNA ~s?;:ﬁ:&%- Size Cob \(JJ COwa't»h
DOUBLING & more Grains.
DIPLOID (2n) (&9 COMICME) R APLOID (4n) ENGINEERED TRADITIONAL  IMPROVED TALLER,  SUPERIOR LARGER
GRAIN HEAD GRAIN HEAD POLYPLOID DIPLOID WHEAT LARGER-HEADED WHEAT ~ MAIZE COBS

Polyploid + Engineered for Larger Yield

Diagram showing chromosomes being altered for crop improvement. Figure 4.1: Scope of
chromosome manipulation

4.1.2 Importance in plant breeding

Chromosome manipulation is important because it expands the possibilities of crop improvement
beyond conventional breeding. Polyploidy has produced seedless fruits like watermelons, while
chromosome engineering has helped transfer resistance genes from wild relatives into cultivated
crops. These techniques provide breeders with powerful tools to address challenges such as food
security, climate change, and sustainability.

Fillin the blank: Polyploidy has produced seedless fruits such as
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<IMPORTANCE OF CHROMOSOME MANIPULATION >

IN PLANT BREEDING (OER)

o 1. SEEDLESS FRUITS (Through Induced Triploidy)

Produces desirable commercial varieties !
- with improved texture and ease of ;—“’"

consumption.
@) consumer appea (&, markeTABILITY
o || ——
»
RESISTANCE  Integrates resistance genes from wild -
GENES relatives, reducing dependence on

(R-GENES)  chemical pesticides and protecting yields.
LOCATIONS ~
(R-GENES) @ YIELD PROTECTION (/) SUSTAINABILITY

Diseased Crop

© 3. COMPREHENSIVE CROP IMPROVEMENT P

Drives significant genetic gain,

creating crops with higher yields,
enhanced nutritional &nutritional
quality, and improved plant form.

O="ViELD QUALITY NUTRIENTS ARCHITECTURE SUPERIOR POTATOES  COTTON n’n'ﬁ INCREASED YIELD @ NUTRITIONALITY
(0.g. dwarfisms) CROP BERS

@L‘)Aee' OER - Open Educational Resource | Creative Commons License

Box 4.1: Importance of chromosome manipulation

Pilot questions 4.1
1. Whatis chromosome manipulationinplant breeding?
2. Why is chromosome manipulation important for crop improvement?
3. Give one example of a crop produced through polyploidy.
4. How does chromosome manipulation differ from conventional breeding methods?
5. What global challenges make chromosome manipulation essential today?
4.2 Polyploidy And Its Applications
4.2.1 Naturaland induced polyploidy

Polyploidy refers to the condition in which plants have more than two sets of chromosomes. It
occurs naturally inmany crops such as wheat and cotton, but it can also be induced artificially
using chemicals like colchicine. Induced polyploidy is used to create new varieties with desirable
traits such as larger fruits or seedlessness.

Fillin the blank: Polyploidy refers to plants having more than sets of chromosomes.
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UNDERSTANDING POLYPLOIDY IN CROPS: NATURAL & INDUCED

NATURAL POLYPLOID CROPS EXAMPLES OF NATURAL POLYPLOIDY (0ften resuits of ancient genome duplicatins or crosses)
WHEAT (Allopolyploid) COTTON (Allopolyploid)

£ &
| ‘ Modern Bread Wheat: Modern Upland Cotton:
! Ge(gﬂr_n‘e4 ;\A AABBCC (2n=6x=42) Genome AA AADD (2n=4x=52)
\1 5 ‘ / , (2n=26) =
3 g (e.g., Old World) (7
Genome BB | %
V Gneta) 6> % / &

7 X
N Genome DD / Ancestral
Genome DD Ancestral . (2n=26) hybrid
(2n=14) wild hybrids (6.0, New k)
L /

s

(INDUCED POLYPLOID CROPS EXAMPLES OF INDUCED POLYPLOIDY (Results of human-mediated chromosome mampuwon
PROCESS OF INDUCING TRIPLOIDY (Seedless Fruits) PROCESS OF INDUCING POLYPLOIDY
(General Methods)
SEEDLESS WATERMELON INDUCE POLYPLOIDY
(e.g., 2n->4n, 4n -> 8n) h

450

STEP1: STEP 2: STEP3: | S

L 11

STEP 1: STEP 2:

| DEVELOPDIPLOID& MAKE WIDE CROSS HARVEST & =it : TREAT WITH CHROMOSOME Results: Increased cell size,

TETRAPLOID PARENTS (4n Female x 21 Male) PLANT 30 |oioeis (an) v e s o ey DOUBLING larger organs, superior traits.
f:e*'((j}gg]_ SEEDS. improved traits. e ; i

Diagram showing natural polyploid crops (wheat, cotton) and.induced polyploid crops (seedless

watermelon). Figure 4.2: Natural and induced polyploidy
4.2.2 Effects of polyploidy on plant traits

Polyploidy often results in larger plant organs, increasedvigour, and sometimes sterility. Sterility is
particularly usefulin producing seedless fruits such as bananas and watermelons. Polyploid plants
may also show improved tolerance to environmental stress, making them valuable in breeding
programmes.

Fillin the blank: Polyploidy often results in larger plant and increased vigour.
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Polyploidy

Image showing seedless fruits produced through polyploidy. Plate 4.1: Seedless fruits from
polyploidy breeding

4.2.3 Examples of polyploid crops

Several important crops.are polyploids. Wheat is a hexaploid (six sets of chromosomes), cottonis a
tetraploid (four sets), and many ornamental plants such as chrysanthemums are polyploids.
Induced polyploidy has produced seedless watermelons and improved varieties of forage grasses.

Fillin the blank: Wheat is an example of a crop with six sets of chromosomes.
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#_ 1. Wheat (Hexaploid)

gl \"
1 l X

=

™

W ox Y ¥

Triticum Triticum

tauschii (2n) aestivum (6n)

| i turg::luc;’&n)
2. Cotton (Tetraploid)

o % - ab

2n Cotton (2n)

4n Cotton (4n)
(Genome duplication)

D 3. Seedless Watermelon

- @

4n Tetraploid 2n Diploid 3n Triploid
Female (seeds) Male (pollen) (seedless fmlt)

Box 4.2: Examples of polyploid crops

Wide range of polyploidy
levels (e.g., 2n, 4n, 6n, etc.) |

&
1. Wheat (Hexaploid) @ ‘§

Wheat is a Hexaploid (6n), meaning it has six sets of
chromosomes, resulting from the combination of three
ancestral diploid species. It is a major global food source.

2. Cotton (Tetraploid) $

Modern commercial cotton is often a Tetraploid (4n),
with four sets of chromosomes, derived from the
cross of Old World and New World species. The
polyploidy contributes to better fiber quality.

3. Seedless Watermelon

Seedless watermelons are Triploid (3n). They are
produced by crossing a tetraploid plant (4n) with a
diploid plant (2n). The triploid offspring are sterile,

leading to seedless fruit. &

4. Chrysanthemums

Chrysanthemums exhibit widespread and varied
polyploidy, with many ornamental varieties being
polyploid (from tetraploid to much higher). This leads
to greater diversity in flower size, shape, and color.

OER X

Pilot questions 4.2
1. Whatis polyploidy in plants?
2. Distinguish between natural and induced polyploidy.
3. Name one effect of polyploidy on plant traits.
4. Give two examples of crops that are naturally polyploid.
5.

Why is sterility inipolyploid plants usefulin breeding?

4.3 Aneuploidy And Chromosome Engineering

4.3.1 Definition and types of aneuploidy

Aneuploidy refers to the condition in which plants have an abnormal number of chromosomes,
either missing or extra ones compared to the normal set. Types include monosomy (loss of one
chromosome), trisomy (addition of one chromosome), and other variations. Aneuploidy often
arises spontaneously but can also be induced for genetic studies.

FilLin the blank: Aneuploidy refers to plants having an abnormal number of
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COMPARATIVE DIAGRAM: ANEUPLOIDY TYPES IN PLANTS

NORMAL DIPLOID (2n) MONOSOMY (2n-1) TRISOMY (2n+1)
PLANT CELL PLANT CELL PLANT CELL

SINGLE THREE
CHROMOSOME CHROMOSOMES
{Monosomic) (Trisomic)

NORMAL KARYOTYPE: Correct MONOSOMY: Loss of one TRISOMY: Gaining one extra
number of chromosomes (pairs). chromosome from a pair (2n-1). chromosome for a pair (2n+1).
DIPLOID NORMAL SUCKING MONOSOMIC ~ MONOSOMIC MUTANT PLANT TRISOMIC TRISOMIC MUTANT PLANT
CHROMOSOME SET  SUCKER-PROOF TOMATO CHROMOSOME SET (e.g., dwarf, weaker) CHROMOSOME SET (e.g., varied appearance,

specific defects)

* GENETIC MAPPING: Locating genes to specific chromosomes. )
« TRAIT INTROGRESSION: transfer specific desirable characteristics (e.g., disease resistance). @’()"?‘e“"@“]
« CREATE NEW VARIATION: for research and cultivar development. A

PLANT BREEDING

OER - OPEN EDUCATIONAL RESOURCE

[ APPLICATIONS IN

|\
Diagram showing normal diploid chromosomes compared with monosomy and trisomy. Figure 4.3:

Types of aneuploidy

4.3.2 Use of aneuploids in genetic studies

Aneuploid plants are valuable in genetic research because they help identify the location of genes
on specific chromosomes. By observing which traits are lost or altered when a chromosome is
missing, scientists can map genes more accurately. This has been particularly useful in crops like
wheat and maize.

Fillin the blank: Aneuploid plants help identify the location of on specific chromosomes.
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Image showing wheat plants used in genetic studies with aneuploid lines. Plate 4.2: Aneuploid
wheat lines in genetic studies

4.3.3 Chromosome addition, substitution, and elimination
Chromosome engineering involves deliberate changes such as:
e Chromosome addition: Introducing an extra chromosome from a related species.

e Chromosome substitution: Replacing one chromosome with another from a related
species.

e Chromosome elimination: Removing specific chromosomes to simplify genetic
backgrounds.

These techniques are used to transfer useful traits like disease resistance from wild relatives into
cultivated crops.

Fillin the blank: Chromosome substitution involves replacing one chromosome with another from
a species.

CHROMOSOME ENGINEERING
TECHNIQUES IN PLANT BREEDING

(1.) CHROMOSOME ADDITION ) (2.) CHROMOSOME SUBSTITUTION | (3.) CHROMOSOME ELIMINATION)
Adding an extra chromosome from a Replacing a homologous pair or a single Deliberate storentic loss of specific

wild relative into a crop plant genome ‘_ chromosome in a crop plant with one from | chromosomes, often during hybridization,
from a wild relative ' to produce haplo:ds or manipulate traits

@ %d C )SU,,smm\' <N ?
D~@~@ O @a%mﬁ

RELA‘"VE CROP PLANT ADD'WON : EI.ATIVE CROP PLANT sunsmunon

' i CREATE
INCREASE GENETIC INTRODUCE TARGETED TRAIT HAPLOIDS & STUDY GENOME
VARIATION NOVELTRAITS | & ) TRANSFER K@ GENEMAPPING. DOUBLED mmms INTERACTIONS

(@ e.g., Triticale (Wheat x Rye) or Wheat lines (' e.g., Common Wheat with specific Agropyron N el 9 Wheat x Maue cross to produoe Wheat
‘ with specific Rye chromosomes ; or Aegilops chromosomes for disease resistance |

el Wl

L SUMMARY: Chromosome mampulatlon allows breeders to access new gene pools, increase precision, and accelerate cultivar development. )

Box 4.3: Chromosome engineering techniques
Pilot questions 4.3
1. Whatis aneuploidy in plants?
2. Name two types of aneuploidy.
3. Why are aneuploid plants useful in genetic studies?

4. Define chromosome addition and substitution.
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5. Give one example of how chromosome engineering is applied in crop improvement.

4.4 Techniques Of Chromosome Manipulation

4.4.1 Colchicine treatment for polyploidy induction

Colchicine is a chemical that disrupts spindle formation during cell division, preventing
chromosomes from separating. As a result, cells double their chromosome number, producing
polyploid plants. This technique is widely used to induce polyploidy in crops such@as seedless
watermelons and ornamental plants.

Fillin the blank: Colchicine prevents chromosomes from

during cell division.

p

DIAGRAM: COLCHICINE-INDUCED POLYPLOIDY VIA SPINDLE INHIBITION @@@‘

-

~

PROCESS OF POLYPLOIDY INDUCTION

[ MECHANISM: COLCHICINE TREATMENT |
PREVENTING SPINDLE FORMATION

RESULT & ADVANTAGES IN
CROP BREEDING
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Prophase Metaphase NO ANAPHASE/  One Polyploid ‘ O ®
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= PREVENTING MICROTUBULE REPLICATIO! LARGER  INCREASED Nutritional DREAM CROP
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Induced TREATED CELL | (SPINDLE ASSEMBLY FAILURE) (ENDOMITOSIS) L content improvement |

A. NORMAL MITOSIS SO
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Two Diploid
Daughter Cells
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©0
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Tiasues.

Polyploid
Tissues

Tetraploid (4n|
%ell s

B. ADVANTAGES

SUPERIOR CROPS DREAM
/ IMPROVED
i QUALITY

® |0

i

1. Treat seeds, seedlings, or tissue culture with
Colchicine solution.

2. During Metaphase, Colchicine interferes with spindle
fibers. Sister chromatids fail to separate and cell division
halts. Chromosomes duplicate within the same cell.

3. Resulting polyploid cells can be used for breeding.
New varieties with doubled chromosomes offer
increased vigor, size, and other benefits.

\

Diagram showing colchicine treatment leading to chromosome doubling. Figure 4.4: Colchicine-
induced polyploidy

4.4.2 Tissue culture and chromosome doubling

Tissue culture techniques can be used to induce chromosome doubling in plant cells. By applying
chemicals or stress conditions in vitro, breeders can generate polyploid plants more efficiently.
This method is especially useful for producing disease-free and uniform planting material.

Fill in the blank: Tissue culture techniques can be used to induce chromosome
cells.

in plant
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Image showing tissue culture plants in jars
culture for chromosome doubling

Laed for

itu hybridisation (FISH), and microscopy
. These tools help breeders confirm

successful chromosome manipula
accuracy in chromosome engi

Fillin the blank: Cytogeneti ryotyping and are used to study chromosome

number and struc&
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CYTOGENETIC TOOLS FOR CHROMOSOME ANALYSIS
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Box 4.4: Cytogenetic tools in chromosome manipulation
Pilot questions 4.4
1. Whatis colchicine, and how does itinduce polyploidy?
2. How can tissue culture be used in chromosome manipulation?
3. Name two cytogenetic tools used to study chromosomes.
4. Why is chromosome doubling important in plant breeding?

5. Give one example ofa crop improved through colchicine treatment.

4.5 Applications And Future Prospects
4.5.1 Role in crop improvement

Chromosome manipulation has been successfully applied in producing seedless fruits (e.g.,
bananas, watermelons), improving forage grasses, and transferring disease resistance genes
from wild relatives into cultivated crops. These applications demonstrate how cytogenetic
techniques expand the breeder’s toolkit beyond conventional methods.

FilLin the blank: Chromosome manipulation has been used to produce seedless fruits such as
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DIAGRAM: APPLICATIONS OF CHROMOSOME MANIPULATION IN PLANT BREEDING

USING CHROMOSOME MANIPULATION TO CREATE DESIRABLE TRAITS
SECTION 1: PATHWAY TO PRODUCE SEEDLESS FRUITS (Inducing Triploidy)

START: 6 METHOD: RESULT 1: © MeTHoD 2: RESULT 2: OUTCOME
NORMAL DIPLOID (2n) PLANT CHROMOSOME DOUBLING TETRAPLOID (4n) PARENT HYBRID CROSS TRIPLOID (3n) HYBRID
(Seeded, wild parent) (e.g., using Colchicine) (More robust, larger organs) (4n x 2n) (Infertile offspring)

(l,('\lv\ Treated cell division \:A; . o
0 An. ':# o L 4 A x ® - oy %
+

SEEDLESS (3n)
WATERMELON

b
4n Tetraploid Cell

2ngametes 1n gametes

NORMAL CHROMOSOME SET Treated cell division  Double AABBCC LARGE, from 4n from 2n ABC errors during Infertile 3n plants fail to
(2n=22) with spindle fails. Chromosomes (4n=44) SEEDED (4n) parent parent (3n=33) meiosis produce normal seeds.
SECTION 2: PATHWAY TO DEVELOP DISEASE-RESISTANT CROPS (Introgressive Breeding)
6 START: CROP VARIETY 6START: WILD RELATIVE | o METHOD: WIDE HYBRID CROSS QCHROMOSOME ENGINEERING RESULT: RESISTANT OUTCOME
(Susceptible to disease) (Disease-resistant) & BACKCROSSING & SELECTION CROP VARIETY
e A. TRANSFER OF ]
CHROMOSOME SEGMENT N / f
Hybridization | " b L
Backcrossto /. ¥ 4 DISEAS N
o P W Wk (Y=
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Dollar Signs Resistance Crop Variety ,V‘ ,& Y/ CROP
(yield loss) gene peol
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SUSCEPTIBLE RESISTANT WILD Backicross to Crop varietty hybrid B. DNA-MARKER-ASSISTED " ! NEW RESISTANT .| resistance genes (e.g., R-
VARIETY (2n) SPECIES (2n) | screening on: specific screening SELECTION (MAS) VARIETY (2n) ~ | genes) from distant species.

CONCLUSION: Diverse techniques, from polyploidy to precision chromosome transfers, provide

essential tools for sustainable and resilient crop development.
Diagram showing chromosome manipulation leading to seedless fruits and disease-resistant
crops. Figure 4.5: Applications of chromosome manipulation

4.5.2 Limitations and challenges

Despite its successes, chromosome manipulation faces challenges. Induced polyploidy may
cause sterility or reduced fertility, limiting seed production. Aneuploidy often results in abnormal
growth. Technical requirements such as cytogenetic analysis and tissue culture facilities can be
costly and complex. These limitations must be considered when applying chromosome
manipulation in breeding programmes.

Fillin the blank: One limitation of chromosome manipulation is that induced polyploidy may cause
plant
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Image showing abnormal plant growth due to chromosome imbalance. Plate 4.4: Limitations of
chromosome manipulation

4.5.3 Future directions in chromosome engineering and genomics

The future of chromosome manipulation lies inintegrating cytogenetics with genomics and
biotechnology. Techniques such as CRISPR-based genome editing, advanced cytogenetic
imaging, and synthetic chromosome engineering will enable precise control of chromosome
behaviour. These innovations will help breeders develop crops that are resilient to climate change,
nutritionally enhanced, and/more sustainable.

Fillin the blank: Futurechromosome manipulation will integrate cytogenetics with and
biotechnology.
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Future Prospects:

e CRISPR Genome Editing
Precise Gene Modification

« Synthetic Chromosome Engineering %
Creating Custom DNA

e Climate Resilience
Crops Adapted to a Changing World

Box 4.5: Future prospects in chromosome
Pilot questions 4.5
1. Give one example of a cropiimproved through chromosome manipulation.
2. Whatis one limitation‘of induced polyploidy?
3. Why is aneuploidy often a challenge in breeding?
4. Mention one future direction in chromosome engineering.

5. How can chromosome manipulation contribute to climate resilience in crops?

Series Summary

This Series has explored chromosome manipulation as a powerful tool in plant breeding. We
began with an introduction to its definition and importance, then studied polyploidy, both natural
and induced, and its effects on plant traits. Next, we examined aneuploidy and chromosome
engineering, including chromosome addition, substitution, and elimination. We then analysed
techniques of chromosome manipulation such as colchicine treatment, tissue culture, and
cytogenetic tools. Finally, we concluded with applications and future prospects, highlighting
successes, limitations, and the integration of cytogenetics with genomics and biotechnology.

By completing this Series, you should now be able to define chromosome manipulation (SLO 4.1),
describe polyploidy and its applications (SLO 4.2), explain aneuploidy and chromosome
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engineering (SLO 4.3), identify techniques of chromosome manipulation (SLO 4.4), and evaluate
applications, limitations, and future prospects (SLO 4.5).

Glossary of Terms

¢ Chromosome manipulation: Altering the number, structure, or behaviour of
chromosomes in plants.

e Polyploidy: Condition where plants have more than two sets of chromosomes.

e Aneuploidy: Abnormal number of chromosomes, either missing or extra.

e Monosomy: Loss of one chromosome from the normal set.

o Trisomy: Addition of one chromosome to the normal set.

e Chromosome addition: Introducing an extra chromosome from a related.species.

e Chromosome substitution: Replacing one chromosome with.another from a related
species.

e Chromosome elimination: Removing specific chromosomes to simplify genetic
backgrounds.

e Colchicine: A chemical used to induce polyploidy by preventing chromosome separation.
o Tissue culture: Growing plant cells or tissues under sterile conditions in nutrient media.
e Cytogenetic tools: Techniques such as karyotyping and FISH used to study chromosomes.
Concept Check Questions [Series 4]
Objective questions

1. Chromosome manipulation refers to techniques used to alter the number, structure, or
of chromosomes. (Linked to SLO 4.1)

2. Polyploidy refers to plants having more than
4.2)

sets of chromosomes. (Linked to SLO

3. Aneuploidy refers to plants having an abnormal number of . (Linked to SLO 4.3)

Short-answer questions

4. Explain the principle of colchicine treatment in chromosome manipulation. (Linked to SLO
4.4)

5. Give one example of a crop improved through chromosome manipulation. (Linked to SLO
4.5)

Long-answer questions

-
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6. Compare polyploidy and aneuploidy, highlighting their effects, applications, and
limitations. (Linked to SLO 4.2 & 4.3)

o Basicresponse: Learners should define both conditions, describe their effects,
and give examples.

o Value-added response: Outstanding learners may include case studies, discuss
chromosome engineering techniques, and evaluate their role in modern genomics.

Answers to Concept Check Questions [Series 4]
1. Behaviour
2. Two
3. Chromosomes

4. Colchicine prevents spindle formation during cell division, leading to.chromosome
doubling and polyploidy induction.

5. Seedless watermelon produced through induced polyploidy.

o Basic response: Polyploidy involves extra sets of chromosomes, leading to larger
organs and seedlessness; aneuploidy involves missing or extra chromosomes, used
in genetic studies but often causes abnormalities.

o Value-added response: Case studies include wheat (hexaploid), cotton
(tetraploid), and aneuploid wheat lines for gene mapping. Chromosome engineering
enables transfer of resistance genes, while future prospects lie in integrating
cytogenetics with genomics.

Answers to Pilot Questions [Series 4]
e Altering number, structure, or behaviour of chromosomes
e _Toexpand crop improvement possibilities
e Seedless watermelon
e Chromosome manipulation directly alters chromosomes, unlike conventional breeding
e  Food security and climate change
e More than two sets of chromosomes
e Natural occurs in wheat; induced via colchicine
e Largerorgans

¢ Wheat and cotton

o)
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e Producing seedless fruits

e Abnormal number of chromosomes

e Monosomy and trisomy

e To map genes on chromosomes

e Addition: extra chromosome; substitution: replacing one chromosome

e Transfer of disease resistance genes

e Prevents chromosome separation during cell division

e Byinducing chromosome doubling in vitro

o Karyotyping and FISH

e To create polyploid plants with desirable traits

e Seedless watermelon

e Seedlessness or sterility

e Causes abnormal growth and reduced fertility

¢ CRISPR genome editing

e By producingresilient and stress-tolerant crops
References and Attributions [Series 4]

o Figure 4.1: Scope of chromosome manipulation — Al prompt: “Diagram showing
chromosomes being altered to produce seedless fruits and larger crops.”

o Box4.1:Importance of chromosome manipulation — Al prompt: “Create a text box
summarising importance of chromosome manipulation: seedless fruits, disease
resistance, crop improvement.”

e _Figure 4.2: Natural and induced polyploidy — Al prompt: “Diagram showing natural polyploid
crops like wheat and cotton, and induced polyploid crops like seedless watermelon.”

o Plate 4.1: Seedless fruits from polyploidy breeding — Al prompt: “Photograph of seedless
bananas and watermelons produced through polyploidy.”

e | Box4.2: Examples of polyploid crops — Al prompt: “Create a text box listing examples of
polyploid crops: wheat (hexaploid), cotton (tetraploid), seedless watermelon,
chrysanthemums.”

o Figure 4.3: Types of aneuploidy — Al prompt: “Diagram comparing normal diploid
chromosomes with monosomy and trisomy in plants.”

-
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Plate 4.2: Aneuploid wheat lines in genetic studies — Al prompt: “Photograph of wheat
plants used in genetic studies with aneuploid lines.”

Box 4.3: Chromosome engineering techniques — Al prompt: “Create a text box listing
chromosome addition, substitution, and elimination with examples in crop breeding.”

Figure 4.4: Colchicine-induced polyploidy — Al prompt: “Diagram showing colchicine
treatment preventing spindle formation and doubling chromosomes in plants.”

Plate 4.3: Tissue culture for chromosome doubling — Al prompt: “Photograph of tissue
culture plants in jars used for chromosome doubling.”

Box 4.4: Cytogenetic tools in chromosome manipulation — Al prompt: “Create a text box
listing cytogenetic tools: karyotyping, FISH, microscopy, chromosome staining.”

Figure 4.5: Applications of chromosome manipulation — Al prompt: “Diagram showing
chromosome manipulation producing seedless fruits and disease-resistant crops.”

Plate 4.4: Limitations of chromosome manipulation — Al prompt: “Photograph showing
abnormal plant growth due to chromosome imbalance.”

Box 4.5: Future prospects in chromosome manipulation = Al prompt: “Create a text box
summarising future prospects: CRISPR genome editing, synthetic chromosome
engineering, climate resilience.”

Series 5: Recurrent Selection

Series outline

5.1 Introduction to' Recurrent Selection

5.1.1 Definition and concept

5.1.2 Importance in plant breeding

5.2 Types of Recurrent Selection

5.2.1 Phenotypic recurrent selection
5.2.2 Genotypic recurrent selection

5.2.3 Reciprocal recurrent selection

5.3 Procedures and Techniques

-
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¢ 5.3.1Stepsinrecurrent selection cycles

¢ 5.3.2 Population improvement strategies

¢ 5.3.3 Role of controlled pollination and selection intensity
5.4 Applications in Crop Improvement

e 5.4.1Usein cross-pollinated crops (e.g., maize, sorghum)

¢ 5.4.2 Enhancing quantitative traits (yield, resistance, adaptability)

e 5.4.3 Case studies of successful recurrent selection programmes
5.5 Advantages, Limitations, and Future Prospects

e 5.5.1 Strengths of recurrent selection

e 5.5.2 Challenges and limitations

¢ 5.5.3Integration with molecular tools and genomics

Introduction

Recurrent selection is a plant breeding method designed to improve populations by repeatedly
selecting and intercrossing individuals with desirable traits over several cycles. Unlike one-time
selection methods, recurrent selectionis eyclical, allowing breeders to gradually accumulate
favorable alleles and enhance complex quantitative traits such as yield, disease resistance, and
adaptability.

The aim of this Series is to introduce you to the principles, types, procedures, and applications of
recurrent selection, and to evaluate its advantages, limitations, and future prospects in crop
improvement.

We shall commence this Series by defining recurrent selection and explaining its importance. Next,
we will study the types of recurrent selection, including phenotypic, genotypic, and reciprocal
recurrent selection. Following that, we will examine the procedures and techniques involved in
recurrent selection cycles, such as controlled pollination and population improvement strategies.
We will then explore applications in crop improvement, focusing on cross-pollinated crops like
maize and sorghum, and case studies of successful programmes. Finally, we will conclude with
advantages, limitations, and future prospects, highlighting how recurrent selection can be
integrated with molecular tools and genomics for modern breeding.

Series Learning Outcomes (SLOs)
By the end of this Series, you should be able to:
e SLO 5.1 define recurrent selection and explain its importance in plant breeding.

-
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e SLO 5.2 distinguish between different types of recurrent selection (phenotypic, genotypic,
reciprocal) and describe their principles.

e SLO 5.3 outline the procedures and techniques involved in recurrent selection cycles,
including controlled pollination and population improvement strategies.

e SLO 5.4 analyse applications of recurrent selection in crop improvement, with examples
from cross-pollinated crops and quantitative trait enhancement.

e SLO 5.5 evaluate the advantages, limitations, and future prospects of recurrent selection,
including integration with molecular tools and genomics.

5.1 Introduction To Recurrent Selection
5.1.1 Definition and concept

Recurrent selection is a cyclical breeding method in which individuals with desirable traits are
repeatedly selected and intercrossed over several generations. The goalis to gradually increase the
frequency of favorable alleles in a population, especially for complexguantitative traits such as
yield, resistance, and adaptability.

Fillin the blank: Recurrent selection is a breeding method used to improve populations over
several generations.

Recurrent Selection Cycles in Plant Breeding

|
A P Aty

 Selection of Superlor Plants Intercrossmg
Choose Best Individuals »l Cross Selected Plants
|
I
Improved

1119
Select Best Population
Plants ~

Evaluatlon & Re-selection .
Assess & Select Next Generation

g,9.&

=
%;f
iiai

_ % —— Repeat Cycle

LR . ’ S .J\
iy ( e <"

Dlagram showmg recurrent selection cycles with repeated selection and mterc:rossmg Flgure 5.1:
Concept of recurrent selection
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5.1.2 Importance in plant breeding

Recurrent selection is important because it allows continuous improvement of populations
without losing genetic diversity. It is particularly effective in cross-pollinated crops like maize and
sorghum, where maintaining variability is essential. By accumulating favorable alleles, recurrent
selection enhances traits that are controlled by many genes, making it a powerful tool for improving
yield and resilience.

Fillin the blank: Recurrent selection is especially effective in crops such as maize and
sorghum.

i I TN

The Importance of Recurrent Selection

e g b Kb S

..W—J'Wﬁu'—h-o~.~~-v—- e P e b
The Importance of Recurrent Selection:

Continuous Improvement
® Ongoing Genetic Progress

Maintaining Diversity
® Preserving Genetic Variation

,
_/U Enhancing Quantitative Traits
g A g!!_ e Improving Yield & Adaptation

. — Repeat Cycle

Box 5.1: Importance of recurrent selection

Pilot questions 5.1
1., What s recurrent selection in plant breeding?
2. Why is recurrent selection considered cyclical?
3. Name one crop where recurrent selection is especially effective.
4./ How does recurrent selection differ from one-time selection methods?

5. What type of traits are best improved through recurrent selection?

5.2 Types Of Recurrent Selection
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5.2.1 Phenotypic recurrent selection

This type of recurrent selection is based on observable traits (phenotypes). Plants with desirable
characteristics such as high yield or disease resistance are selected and intercrossed. It is simple
and cost-effective but may be less precise because environmental factors can influence
phenotype.

Fillin the blank: Phenotypic recurrent selection is based on observable

Phenotypic Recurrent Selection Cycle

Selectlon of Superldr‘r;l-ants o --fn-t:;crossing '
Select Best Based on Observable Traits Cross Selected Plants

; ; fiadh
RS iR
Improved
Populatcon

Evaluat:on of Progeny
Assess the Offspring

Re-selection
Choose Top Performers

oo - 4 P . % e =
2 I
G '
."V’ _ L
Sl . PR X3~ N

Diagram showmg phenotyplc recurrent selection cycle W|th plants chosen by visible trélfs F/gure
5.2: Phenotypic recurrent selection

5.2.2 Genotypic recurrent selection

Genotypic recurrent selection relies on genetic information rather than just visible traits. DNA
markers or progeny-testing are used to identify plants carrying favorable alleles. This method is
more accurate but requires advanced facilities and longer time frames.

Fillin the blank: Genotypic recurrent selection relies on information rather than visible
traits.
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Genotypic Recurrent Selection:

e Uses DNA Markers
Genetic Mapping Tools

e Progeny Testing
Evaluate Offspring

e Higher Accuracy
Improved Selection Precision

Box 5.2: Genotypic recurrent selection
5.2.3 Reciprocal recurrent selection

Reciprocal recurrent selection is used to improve two populations simultaneously. Each
population is tested by crossing with the other, and the best individuals are selected for
intercrossing. This method is particularly useful for developing superior hybrids and exploiting
heterosis.

Fillin the blank: Reciprocal recurrent'selection is used to improve populations
simultaneously.
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Image showing two populations being crossed and selected.in reciprocal recurrent selection. Plate
5.1: Reciprocal recurrent selection in crop breeding

Pilot questions 5.2
1. Whatis phenotypic recurrent selection based on?
2. Why is genotypic recurrent selection more accurate than phenotypic?
3. Whattool canbe used in genotypic recurrent selection to identify favorable alleles?
4. How doesreciprocal recurrent selection differ from other types?

5. Whichtypeofrecurrent selection is most useful for developing superior hybrids?

5.3 Procedures And Techniques
5.3.1 Stepsiin recurrent selection cycles
Recurrent selection follows a cyclical process:
1. Select individuals with desirable traits from a population.
2. Intercross the selected individuals to form a new population.

3. Grow the new population and repeat selection.
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4. Continue cycles until the frequency of favorable alleles increases significantly.

Fillin the blank: Recurrent selection involves repeated cycles of selection and

Recurrent Selection Cycle

Selection of Superior Plants
Choose Best Individuals
£ v/ v

Re-selection Intercrossing

Cross Selected Plants

Select Top Plants

\

Improved
Population

Evaluation of Progeny
Assess the Offspring

Diagram showing recurrent selection cycle: selection - intercrossing > new population - repeat.
Figure 5.3: Steps in recurrent selection cycles

5.3.2 Population improvement strategies

Population improvement through recurrent selection focuses on gradually enhancing quantitative
traits such asyield, resistance, and adaptability. Strategies include:

e Increasing selectionintensity to capture the best individuals.
¢ Maintaining genetic diversity to avoid inbreeding depression.
o | Usinglarge populations to ensure variability.

Fillin the blank: One strategy in population improvement is maintaining genetic to avoid
inbreeding depression.

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



e SELECTION INTENSITY
Focusing on breeding only the individuals with
the most desirable traits for genetic gain.

/-4, * GENETIC DIVERSITY

Maintaining a broad gene pool to avoid
inbreeding and preserve adaptability.

e LARGE POPULATIONS
Keeping a large effective population size to
prevent the loss of alleles through random
genetic drift.

Box 5.3: Population improvement strategies
5.3.3 Role of controlled pollination and selection intensity

Controlled pollination ensures that selected individuals are crossed in a planned way, preventing
unwanted genetic mixing. Selection intensity refers to how strictly breeders choose individuals;
higher intensity means only the very best plants are selected, leading to faster improvement but
reduced diversity.

Fillin the blank: Controlled pollination prevents unwanted genetic in recurrent selection.

[Insert Plate here] Image showing breeders performing controlled pollination in maize. Plate 5.2:
Controlled pollination in recurrent selection Al prompt: “Photograph of plant breeders performing
controlled pollination in maize for recurrent selection” Search string: “controlled pollination
recurrent selection maize OER image”

Pilot questions 5:3
1./ What are the main steps in recurrent selection cycles?
2." Why is maintaining genetic diversity important in population improvement?
3., Define selection intensity in recurrent selection.
4. How does controlled pollination contribute to recurrent selection?

5. What type of traits are usually improved through recurrent selection cycles?

5.4 Applications In Crop Improvement
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5.4.1 Use in cross-pollinated crops

Recurrent selection is especially effective in cross-pollinated crops such as maize, sorghum, and
forage grasses. These crops maintain high genetic variability, which allows breeders to repeatedly
select and intercross superior individuals without losing diversity. Over successive cycles, traits
like yield, disease resistance, and adaptability are steadily improved.

Fillin the blank: Recurrent selection is especially effective in crops such as maize:and
sorghum.

RECURRENT SELECTION SCHEME FOR MAIZE YIELD IMPROVEMENT

BASE MAIZE POPULATION (CO)
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< /“
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Superior Plants o \
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/ Recombination
OBJECTIVE:

e N Increase Frequency of
P;?‘%e%:g;g:g X ET\?:IIS;;laigi Favorable Alleles for Yield.

Selection of L
S1 or Full-sib L
Expected Genelic Gain Families
per Cycle

Q ‘}( Recombination
Intercrossing £ 3 Phase
Selected Families

Cumulative % progeny

Genetic Gain. ™%

S1/Full-sib Family ~ Cycle2 Lt o4
Development \/WV Evaluation and Intercrossing Phase %
’@ Evaluation [
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(C2) - Improved Su([l:)enolr1 Fangl;es (Field Trials) - <7 (1) - Recombined
ased on n ercrossmg
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[RESULT: High-Yielding Maize Variety/Hybrid]

c1 Tester

Diagram showing recurrent selection applied in maize populations. Figure 5.4: Recurrent selection
in cross-pollinated crops

5.4.2 Enhancing quantitative traits

Recurrent selection is particularly suited for improving quantitative traits controlled by many
genes, such asyield, drought tolerance, and disease resistance. By accumulating favorable alleles
over cycles; breeders can achieve gradual but significant improvements in these complex traits.

Fillin the blank: Recurrent selection is particularly suited for improving traits controlled by
many genes.
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QUANTITATIVE TRAITS IMPROVED

BY RECURRENT SELECTION

YIELD

INCREASED PRODUCTIVITY: Enhancing the genetic
potential for higher output per unit area.

DROUGHT TOLERANCE

STRESS RESILIENCE: Improving crop performance
and survival in water-limited environments. Controlled

pollination
DISEASE RESISTANCE
PATHOGEN DEFENSE: Reducing crop loss by

strengthening immunity against major diseases. K ‘(

N

Box 5.4: Quantitative traits improved by recurrent selection

5.4.3 Case studies of successful recurrent selection programmes

Several successful programmes demonstrate the power of recurrent selection. In maize, recurrent
selection has led to significant yield increases and improved resistance to pests and diseases. In
sorghum, it has enhanced drought tolerance and adaptability to diverse environments. These case
studies highlight recurrent selection as a cornerstone of modern crop improvement.

Fillin the blank: In sorghum, recurrent selection has enhanced tolerance and adaptability.
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Image showing maize and sorghum fields improved through recurrent selection. Plate 5.3: Case
studies of recurrent selection in crops

Pilot questions 5.4
1. Why s recurrent selection effective in cross-pollinated crops?
2. Whattype of traits are bestimproved through recurrent selection?
3. Give one example of accrop where recurrent selection has improved yield.
4. How does recurrent selection enhance drought tolerance in sorghum?

5. Why are case studies important in understanding recurrent selection applications?

5.5 Advantages, Limitations, And Future Prospects
5.5.1 Strengths of recurrent selection
Recurrent selection offers several advantages:
e . Continuous improvement of populations across cycles.
¢ | Maintains genetic diversity while enhancing favorable alleles.
o Effective for improving complex quantitative traits like yield and resistance.
e Provides a foundation for hybrid development and long-term breeding programmes.

Fillin the blank: One strength of recurrent selection is that it maintains genetic while
enhancing favorable alleles.
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ADVANTAGES OF RECURRENT SELECTION IN PLANT BREEDING

.
MAINTENANCE OF GENETIC DIVERSITY
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OER (Open Educational Resource) - Plant Breeding Fundamentals

Diagram showing advantages of recurrent selection (continuous improvement, diversity, hybrid
development). Figure 5.5: Strengths of recurrent selection

5.5.2 Challenges and limitations

Despite its strengths, recurrent selection has limitations:
¢ Requires multiple cycles, making it time-consuming.
¢ Phenotypic selection may be influenced by environmental factors.
o Genotypic selection demands advanced facilities and resources.
o Risk of reduced diversity if selection intensity is too high.

Fillin the blank: One limitation of recurrent selection is that it requires multiple , making it
time-consuming.
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Image showing breeders conducting recurrent selection trials.in maize fields. Plate 5.4: Li
of recurrent selection in practice
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5.5.3 Integration with molecular tools and genomics

The future of recurrent selection lies in combining it with-molecular tools and genomics. Marker-
assisted selection, genomic selection, and CRISPR-based editing can accelerate recurrent
selection cycles and improve accuracy. This integration will make recurrent selection more
efficient, enabling breeders to tackle challenges like climate resilience, nutritional quality, and
global food security.

Fillin the blank: Futurerecurrent selection will integrate with molecular tools such as __ -
assisted selection and genomic selection.
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FUTURE PROSPECTS

* MARKER-ASSISTED SELECTION

§©§ Speeding up traditional breeding by using DNA
markers linked to desirable traits.

W * GENOMIC SELECTION
\- ‘ Using whole-genome data to predict breeding

values and accelerate genetic gain.

* CRISPR INTEGRATION
Precisely editing genes for traits like disease
QO resistance and enhanced nutrition.
( {t% e CLIMATE RESILIENCE

Box 5.5: Future prospects of recurrent selection
Pilot questions 5.5
1. Whatis one strength of recurrent selection?
2. Why isrecurrent selection considered time-consuming?
3. How can environmental factors affect phenotypic recurrent selection?
4. Mention one molecular tool that can be integrated with recurrent selection.

5. How can recurrent selection contribute to climate resilience in crops?

Series Summary

This Series has examined recurrent selection as a cyclical breeding method for improving plant
populations. We began with its definition and importance, then explored the types of recurrent
selection (phenotypic, genotypic, and reciprocal). Next, we studied the procedures and
techniques, including recurrent cycles, population improvement strategies, and controlled
pollination. We then analysed applications in crop improvement, focusing on cross-pollinated
crops and quantitative traits. Finally, we evaluated the advantages, limitations, and future
prospects, highlighting integration with molecular tools and genomics.

By completing this Series, you should now be able to define recurrent selection (SLO 5.1),
distinguish its types (SLO 5.2), outline procedures (SLO 5.3), analyse applications (SLO 5.4), and
evaluate strengths, challenges, and future directions (SLO 5.5).

Glossary of Terms
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¢ Recurrent selection: Cyclical breeding method involving repeated selection and
intercrossing.

¢ Phenotypic recurrent selection: Selection based on observable traits.

¢ Genotypic recurrent selection: Selection based on genetic information (DNA markers,
progeny testing).

¢ Reciprocal recurrent selection: Improving two populations simultaneously by crossing
and selecting.

¢ Selection intensity: Strictness of choosing individuals in recurrent selection.

o Controlled pollination: Planned crossing of selected individuals to prevent unwanted
mixing.

o Quantitative traits: Traits controlled by many genes, e.g.; yield, resistance, adaptability.
o Marker-assisted selection (MAS): Use of DNA markers to guide breeding decisions.
¢ Genomic selection: Predicting breeding values using genome-wide markers.

Concept Check Questions [Series 5]

Objective questions

1. Recurrent selectionis a breeding method used to improve populations over several
generations. (Linked to SLO.5.1)

2. Phenotypic recurrent selection is based on observable . (Linked to SLO 5.2)

3. Reciprocalrecurrent selectionis used to improve populations simultaneously.

(Linked to SLO.5.2)

Short-answer questions

4. Outline the main stepsin recurrent selection cycles. (Linked to SLO 5.3)

5. _Give one example of a crop improved through recurrent selection. (Linked to SLO 5.4)
Long-answer questions

6. Discuss the advantages and limitations of recurrent selection, and explain how molecular
tools can enhance its effectiveness. (Linked to SLO 5.5)

o Basic response: Learners should list strengths and challenges.

o Value-added response: Outstanding learners may include integration with MAS,
genomic selection, and CRISPR, plus examples of climate resilience.

Answers to Concept Check Questions [Series 5]

-
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1. Cyeclical

2. Traits

3. Two

4. Selectindividuals > intercross > form new population - repeat cycles.

5. Maize (yield improvement).

o Basic response: Advantages include continuous improvement and maintaining
diversity; limitations include time-consuming cycles and environmental influence.

o Value-added response: Integration with MAS, genomic selection, and CRISPR
accelerates cycles, improves accuracy, and enhances climate resilience.

Answers to Pilot Questions [Series 5]
e Cyclical breeding method.
e Because itrepeats selection and intercrossing.
e Maize or sorghum.
o One-time methods stop after a single cycle; recurrent continues.
e Quantitative traits.
o Observable traits.
e Because it uses DNA markers and progeny testing.
o DNA markers.
e |timprovestwo populations simultaneously.
e Reciprocalrecurrent selection.
e | Selection andintercrossing.
e To avoidinbreeding depression.
e . Strictness of choosing individuals.
e | Prevents unwanted genetic mixing.
¢ Yield, resistance, adaptability.
e Maintains diversity.

e Multiple cycles.
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e Environmental factors can mask genetic potential.
o Marker-assisted selection.
e By producingresilient crops.

References and Attributions [Series 5]

e Figure 5.1: Concept of recurrent selection — Al prompt: “Diagram showing recurrent
selection cycles with repeated selection and intercrossing in plant breeding.”

e Boxb5.1:Importance of recurrent selection — Al prompt: “Create a text box summarising
importance of recurrent selection: continuous improvement, maintaining diversity,
enhancing quantitative traits.”

o Figure 5.2: Phenotypic recurrent selection — Al prompt: “Diagram showing recurrent
selection cycle based on observable traits in plants.”

e Box5.2: Genotypic recurrent selection — Al prompt: “Create’a text box summarising
genotypic recurrent selection: uses DNA markers, progeny testing, higher accuracy.”

e Plate 5.1: Reciprocal recurrent selection in crop breeding — Al prompt: “Photograph or
diagram showing reciprocal recurrent selection with two populations being crossed and
selected.”

e Figure 5.3: Steps in recurrent selection cycles — Al prompt: “Diagram showing recurrent
selection cycle with repeated selection and intercrossing in plants.”

e Box5.3: Population improvement strategies — Al prompt: “Create a text box listing
population improvement strategies: selection intensity, genetic diversity, large
populations.”

o Plate 5.2: Controlled pollination in recurrent selection — Al prompt: “Photograph of plant
breedersperforming controlled pollination in maize for recurrent selection.”

o Figure 5.4:Recurrent selection in cross-pollinated crops — Al prompt: “Diagram showing
recurrent selection applied in maize populations for yield improvement.”

o Box 5.4:Quantitative traits improved by recurrent selection — Al prompt: “Create a text box
listing quantitative traits improved by recurrent selection: yield, drought tolerance, disease
resistance.”

e | Plate 5.3: Case studies of recurrent selection in crops — Al prompt: “Photograph of maize
and sorghum fields improved through recurrent selection programmes.”

e Figure 5.5: Strengths of recurrent selection — Al prompt: “Diagram showing advantages of
recurrent selection: continuous improvement, diversity, hybrid development.”
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e Plate 5.4: Limitations of recurrent selection in practice — Al prompt: “Photograph of plant
breeders conducting recurrent selection trials in maize fields.”

e Box5.5: Future prospects of recurrent selection — Al prompt: “Create a text box
summarising future prospects: marker-assisted selection, genomic selection, CRISPR
integration, climate resilience.”
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