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ZOO 318: Principles of Animal Development (2 Units C: LH 15; PH 

45) 

Course Code: ZOO 318 

Course Title: Principles of Animal Development 

Course Unit: 2 Units C 

 

Series 1: Problems And Processes Of Development 

Series 2: Gametogenesis And Oogenesis 

Series 3: Fertilisation, Cleavage, And Early Embryogenesis 

Series 4: Differentiation, Tissue Interactions, And Organogenesis 

Series 5: Special Topics In Development Including Placentation And 

Parthenogenesis 

 

Series 1 Problems And Processes Of Development 

Part 1.1 Basic concepts of development 

1.1.1 Growth and differentiation 

1.1.2 Reproduction and continuity of life 

Part 1.2 Theories of development 

1.2.1 Preformation theory 

1.2.2 Epigenesis and modern perspectives 

Part 1.3 Processes of development 

1.3.1 Cellular basis of embryogenesis 

1.3.2 Molecular basis of embryogenesis 

 

Introduction 

Development is one of the most fascinating aspects of biology, as it explains how a single cell 

transforms into a complex organism. From the earliest theories of preformation to modern 

insights into cellular and molecular processes, the study of development provides a foundation 

for understanding growth, differentiation, and reproduction. This Series introduces you to the 
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fundamental problems and processes of development, setting the stage for deeper exploration in 

later Series. 

The aim of this Series is to explain the basic concepts and theories of development, and to 

highlight the cellular and molecular processes that drive embryogenesis. 

We shall commence this Series by examining the basic concepts of development, including 

growth, differentiation, and reproduction. Next, we will explore the theories of development, 

focusing on preformation and epigenesis. Finally, we will conclude by analysing the cellular and 

molecular processes that underpin embryogenesis, thereby linking theory with biological reality. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 1.1 define the basic concepts of development, including growth, differentiation, and 

reproduction, 

SLO 1.2 explain the theory of preformation and contrast it with epigenesis, 

SLO 1.3 analyse the cellular basis of embryogenesis, and 

SLO 1.4 evaluate the molecular basis of embryogenesis. 

 

1.1 Basic Concepts Of Development 

1.1.1 Growth and differentiation 

One of the most fundamental aspects of development is growth, which refers to the increase in 

size and number of cells in an organism. Growth is not simply about becoming larger, but also 

about achieving the correct proportions and structures that allow the organism to function 

properly. Alongside growth is differentiation, the process by which unspecialised cells become 

specialised to perform distinct roles. For example, some cells may become muscle cells, while 

others become nerve cells, even though they all originated from the same fertilised egg. 

Growth and differentiation work together to ensure that the organism develops into a complex 

system with specialised tissues and organs. Without differentiation, growth alone would result in 

a mass of identical cells with no functional organisation. 

 

Short description: Diagram showing growth (increase in cell number) and differentiation (cells 

becoming specialised). 
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Caption: Figure 1.1 Growth and differentiation in development 

 

Fill in the blank: The process by which unspecialised cells become specialised to perform 

distinct roles is called ______. 

1.1.2 Reproduction and continuity of life 

Another key concept in development is reproduction, the biological process by which new 

individuals are produced. Reproduction ensures the continuity of life, allowing species to persist 

across generations. In sexual reproduction, gametes from two parents combine to form a zygote, 

which then undergoes development. In asexual reproduction, offspring are produced without 

gametes, often resulting in genetically identical individuals. 

Reproduction is closely linked to development because the zygote formed during fertilisation 

must undergo growth and differentiation to become a mature organism. This connection 

highlights how reproduction and development are inseparable processes in biology. 

Box 1.2 Reproduction and continuity of life 

 

 

Feature Asexual Reproduction Sexual Reproduction 

Number of 

Parents 
One (1) Two (2) 
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Feature Asexual Reproduction Sexual Reproduction 

Genetic 

Outcome 

Clones: Offspring are genetically 

identical to the parent. 

Variation: Offspring are genetically 

unique from parents/siblings. 

Cell Division 

Type 

Mitosis: Simple duplication of the 

nucleus and cell. 

Meiosis: Reduction division to create 

haploid gametes (sperm/egg). 

Speed of 

Process 

Rapid: Can produce massive 

populations in a very short time. 

Slow: Requires time to find a mate and 

for embryonic development. 

Energy Cost 
Low: No energy spent on mating 

rituals, flowers, or searching. 

High: Significant energy spent on 

attracting mates or producing 

pollen/nectar. 

Adaptability 
Low: If the environment changes, 

the entire population may die. 

High: Genetic diversity allows some 

individuals to survive new threats. 

Examples 
Bacteria, Hydra, Strawberry 

runners, Amoeba. 

Humans, Most Mammals, Flowering 

Plants, Most Insects. 

 

Fill in the blank: In sexual reproduction, gametes combine to form a ______, which then 

undergoes development. 

Pilot questions 1.1 

Define growth in the context of development. 

What is the process by which cells become specialised? 

Why is differentiation important in development? 

What is the biological process that ensures continuity of life? 

In sexual reproduction, what structure is formed after gametes combine? 

 

1.2 Theories Of Development 

1.2.1 Preformation theory 
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One of the earliest explanations of development was the preformation theory, which proposed 

that organisms develop from miniature versions of themselves already present in the gametes. 

According to this idea, the egg or sperm contained a tiny, fully formed individual called a 

homunculus, which simply grew larger during development. This theory attempted to explain 

continuity of life but did not account for how complex structures arise from simpler beginnings. 

Although preformation was widely accepted in the seventeenth and eighteenth centuries, it was 

eventually challenged by observations that showed embryos undergo distinct stages of 

development. The theory is now considered obsolete, but it remains important historically as it 

highlights the progression of scientific thought. 

 

Short description: Illustration showing the concept of preformation with a homunculus inside a 

sperm cell. 

Caption: Figure 1.2 Preformation theory of development 

 

Fill in the blank: The preformation theory proposed that organisms develop from miniature 

versions of themselves called ______. 

1.2.2 Epigenesis and modern perspectives 

In contrast to preformation, the theory of epigenesis proposed that organisms develop gradually, 

with structures forming step by step from an initially undifferentiated mass. This idea, 

championed by Aristotle and later supported by experimental embryologists, explained how 

complex tissues and organs arise during development. 

Modern perspectives build on epigenesis, incorporating knowledge of genetics, molecular 

biology, and cell interactions. Today, development is understood as a dynamic process involving 
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gene regulation, signalling pathways, and environmental influences. This modern view 

highlights that development is not predetermined but emerges through coordinated biological 

processes. 

Box 1.3 Epigenesis and modern perspectives 

 

 

Feature Historical Epigenesis Modern Molecular Perspective 

Core 

Concept 

Organs form from "nothing" in an 

unstructured egg. 

Development is the execution of a 

Genetic Program. 

Driving 

Force 

Often attributed to a "vital force" or 

vis essentialis. 

Driven by Differential Gene Expression 

and signaling. 

The "Plan" 
Believed to be non-existent or 

purely external. 

Encoded in the DNA and regulated by 

Transcription Factors. 

Cell Identity 
Cells were thought to "choose" 

their fate. 

Cells respond to Morphogen Gradients 

(positional cues). 

Mechanism 
Sequential growth and 

differentiation. 

Epigenetic Regulation: Methylation and 

Histone tags. 

Master 

Control 
Unknown / Observational. 

Hox Genes: Determine the head-to-tail 

body axis. 

 

Fill in the blank: The theory that organisms develop gradually, with structures forming step by 

step, is called ______. 

Pilot questions 1.2 

What did the preformation theory propose about development? 

What is the name of the miniature individual suggested by preformation theory? 

Who first proposed the idea of epigenesis? 

How does epigenesis differ from preformation? 

What modern scientific fields support the current understanding of development? 
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1.3 Processes Of Development 

1.3.1 Cellular basis of embryogenesis 

The cellular basis of embryogenesis refers to the fundamental role of cells in shaping the 

development of an organism. Embryogenesis begins with a fertilised egg, which undergoes 

repeated cell divisions known as cleavage. These divisions produce a cluster of cells called a 

blastula. As development progresses, cells migrate and reorganise during gastrulation, forming 

distinct layers that will give rise to tissues and organs. 

Cell interactions are critical at this stage. Cells communicate through chemical signals, guiding 

each other’s fate and ensuring that structures form in the correct place. For example, some cells 

may signal neighbouring cells to become part of the nervous system, while others contribute to 

muscle tissue. 

[Insert figure here] 

Short description: Diagram showing stages of embryogenesis (zygote, cleavage, blastula, 

gastrulation). 

Caption: Figure 1.4 Cellular basis of embryogenesis 

 

Fill in the blank: The cluster of cells formed after cleavage is called a ______. 

1.3.2 Molecular basis of embryogenesis 

The molecular basis of embryogenesis involves the regulation of genes and proteins that 

control development. Genes are switched on or off at specific times, directing cells to follow 
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particular developmental pathways. For instance, certain genes may activate proteins that instruct 

cells to form the heart, while others guide the formation of limbs. 

Molecules such as transcription factors, signalling proteins, and morphogens play essential roles 

in coordinating development. These molecules ensure that cells not only differentiate correctly 

but also organise into functional tissues and organs. Modern developmental biology emphasises 

how molecular signals integrate with cellular processes to produce a fully formed organism. 

Box 1.5 Molecular basis of embryogenesis 

 

 

Molecular 

Component 

Primary 

Biological Role 
Mechanism of Action Key Example(s) 

Transcription 

Factors 
The "Switches" 

Bind directly to DNA to turn 

specific genes ON or OFF. 

Hox Genes (Body 

axis); Pax6 (Eye 

development). 

Morphogens 
The "GPS 

System" 

Form a concentration gradient; 

cells react differently based on 

the "dose" they receive. 

Sonic Hedgehog (Shh) 

(Limb and brain 

patterning). 

Signaling 

Proteins 

The 

"Messengers" 

Secreted by one cell to bind to a 

receptor on another, triggering 

a response. 

Wnt, Notch, and BMP 

pathways. 

Epigenetic 

Marks 
The "Memory" 

Chemical tags (Methyl groups) 

that lock genes in an active or 

silent state. 

DNA Methylation; 

Histone Acetylation. 

Adhesion 

Molecules 
The "Glue" 

Proteins on the cell surface that 

allow cells to stick together or 

migrate. 

Cadherins (Crucial for 

forming solid tissues). 

 

Fill in the blank: Molecules that guide cells to form specific tissues and organs during 

development are called ______. 

Pilot questions 1.3 
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What process produces a cluster of cells called a blastula? 

What is the role of gastrulation in embryogenesis? 

How do cells communicate during embryogenesis? 

What controls the molecular basis of embryogenesis? 

Name one type of molecule involved in coordinating development. 

 

Series Summary 

This Series introduced the fundamental problems and processes of development, providing a 

foundation for the study of animal development. We began by examining the basic concepts of 

growth, differentiation, and reproduction, showing how these processes ensure the continuity of 

life. We then explored the major theories of development, contrasting the historical preformation 

theory with the more accurate concept of epigenesis and modern perspectives. Finally, we 

analysed the cellular and molecular basis of embryogenesis, highlighting how cell interactions 

and gene regulation drive the formation of tissues and organs. 

By completing this Series, you should now be able to define the basic concepts of development, 

explain and contrast preformation with epigenesis, analyse the cellular basis of embryogenesis, 

and evaluate the molecular processes involved. These outcomes align directly with the Series 

Learning Outcomes, equipping you with the essential knowledge to progress confidently into the 

more advanced topics of animal development. 

Glossary of Terms 

Blastula: A cluster of cells formed after cleavage during early embryogenesis. 

Cleavage: Rapid cell divisions that occur after fertilisation, producing the blastula. 

Differentiation: The process by which unspecialised cells become specialised to perform 

distinct roles. 

Epigenesis: The theory that organisms develop gradually, with structures forming step by 

step. 

Embryogenesis: The process by which a fertilised egg develops into a mature organism. 

Growth: The increase in size and number of cells in an organism. 

Homunculus: A miniature individual proposed in the preformation theory to exist inside 

gametes. 

Morphogens: Molecules that guide cells to form specific tissues and organs during 

development. 

Preformation theory: The historical idea that organisms develop from miniature versions of 

themselves already present in gametes. 

Reproduction: The biological process by which new individuals are produced, ensuring 

continuity of life. 

Concept Check Questions 1 

Objective questions 
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The process by which unspecialised cells become specialised is called ______. (Linked to 

SLO 1.1) 

The preformation theory proposed that organisms develop from miniature versions called 

______. (Linked to SLO 1.2) 

The cluster of cells formed after cleavage is called a ______. (Linked to SLO 1.3) 

Molecules that guide cells to form tissues and organs are called ______. (Linked to SLO 1.4) 

The theory that organisms develop gradually is known as ______. (Linked to SLO 1.2) 

Short-answer questions 

6. Define growth in the context of development. (Linked to SLO 1.1) 

7. Why is differentiation important in development? (Linked to SLO 1.1) 

8. Contrast preformation and epigenesis. (Linked to SLO 1.2) 

9. What is the role of gastrulation in embryogenesis? (Linked to SLO 1.3) 

10. Name one type of molecule involved in coordinating embryogenesis. (Linked to SLO 1.4) 

Long-answer questions 

11. Analyse the importance of reproduction in ensuring continuity of life. (Linked to SLO 1.1) 

12. Evaluate the historical significance of preformation theory and its limitations. (Linked to 

SLO 1.2) 

13. Discuss the cellular basis of embryogenesis, including cleavage and gastrulation. (Linked to 

SLO 1.3) 

14. Assess the molecular basis of embryogenesis, focusing on gene regulation and signalling 

molecules. (Linked to SLO 1.4) 

Answers to Concept Check Questions 1 

Objective questions 

Differentiation. 

Homunculus. 

Blastula. 

Morphogens. 

Epigenesis. 

Short-answer questions 

6. Growth is the increase in size and number of cells in an organism. 

7. Differentiation ensures cells develop specialised roles, allowing functional organisation of 

tissues and organs. 

8. Preformation suggested miniature individuals existed in gametes, while epigenesis explained 

gradual development. 

9. Gastrulation reorganises cells into distinct layers that form tissues and organs. 

10. Transcription factors. 

Long-answer questions 

11. Basic response: Reproduction produces new individuals, ensuring species survival. 
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Value-added response: It also introduces genetic variation in sexual reproduction, strengthening 

adaptability. 

Basic response: Preformation suggested miniature individuals existed in gametes. 

Value-added response: Although incorrect, it influenced early scientific thought and 

paved the way for epigenesis. 

Basic response: Embryogenesis involves cleavage producing a blastula, followed by 

gastrulation forming tissue layers. 

Value-added response: Cell interactions during these stages ensure proper organisation 

and future organ development. 

Basic response: Gene regulation and signalling molecules control embryogenesis. 

Value-added response: Transcription factors, morphogens, and signalling pathways 

integrate to coordinate tissue formation. 

Answers to Pilot Questions 1 

Part 1.1 

Growth is the increase in size and number of cells. 

Differentiation. 

It ensures functional organisation of tissues and organs. 

Reproduction. 

Zygote. 

Part 1.2 

That organisms develop from miniature versions of themselves. 

Homunculus. 

Aristotle. 

Epigenesis involves gradual development, unlike preformation. 

Genetics and molecular biology. 

Part 1.3 

Cleavage. 

It forms distinct layers that give rise to tissues and organs. 

Through chemical signals. 

Gene regulation. 

Signalling proteins. 

References And Attributions 1 
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Box 1.2 Reproduction and continuity of life 
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ZOO318 Series 2 Gametogenesis And Oogenesis 

Part 2.1 Gametogenesis: formation of gametes 

2.1.1 Spermatogenesis 

2.1.2 Oogenesis 

Part 2.2 Gene activity in oogenesis 

2.2.1 Regulation of maternal genes 

2.2.2 Role of RNA and proteins 

Part 2.3 Cytoplasmic localisation in the mature egg 

2.3.1 Distribution of cytoplasmic determinants 

2.3.2 Influence on early embryonic development 

 

Introduction 

In the last Series, we explored the fundamental problems and processes of development, 

including growth, differentiation, and embryogenesis. Building on that foundation, this Series 

focuses on the formation of gametes and the special processes that prepare the egg for successful 

development. Gametogenesis and oogenesis are central to reproduction, as they ensure the 

continuity of life and provide the starting point for embryonic development. 

https://www.oercommons.org/
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The aim of this Series is to explain the processes of gametogenesis, highlight gene activity 

during oogenesis, and analyse the importance of cytoplasmic localisation in the mature egg. 

We shall commence this Series by examining gametogenesis, focusing on spermatogenesis and 

oogenesis. Next, we will explore gene activity in oogenesis, considering how maternal genes, 

RNA, and proteins regulate early development. Finally, we will conclude with cytoplasmic 

localisation in the mature egg, showing how cytoplasmic determinants influence the fate of cells 

during embryogenesis. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 2.1 describe the process of spermatogenesis, 

SLO 2.2 explain the stages of oogenesis, 

SLO 2.3 analyse gene activity during oogenesis, 

SLO 2.4 evaluate the role of RNA and proteins in regulating oogenesis, 

SLO 2.5 explain the significance of cytoplasmic localisation in the mature egg, and 

SLO 2.6 assess how cytoplasmic determinants influence early embryonic development. 

 

2.1 Gametogenesis: Formation Of Gametes 

2.1.1 Spermatogenesis 

Spermatogenesis is the process by which male gametes, known as sperm cells, are produced in 

the testes. It begins with diploid cells called spermatogonia, which undergo mitotic divisions to 

maintain their population. Some spermatogonia differentiate into primary spermatocytes, which 

then enter meiosis. The first meiotic division produces secondary spermatocytes, and the second 

meiotic division results in haploid spermatids. These spermatids undergo a transformation called 

spermiogenesis, developing tails and specialised structures to become mature spermatozoa. 

This process ensures that sperm cells carry half the genetic material, ready to combine with the 

egg during fertilisation. 

 

Short description: Diagram showing stages of spermatogenesis from spermatogonia to 

spermatozoa. 
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Caption: Figure 2.1 Stages of spermatogenesis 

 

Fill in the blank: The transformation of spermatids into mature spermatozoa is called ______. 

2.1.2 Oogenesis 

Oogenesis is the process by which female gametes, known as ova or eggs, are produced in the 

ovaries. It begins with oogonia, which are diploid cells that multiply during early development. 

These cells differentiate into primary oocytes, which enter meiosis but pause at prophase I until 

puberty. At each menstrual cycle, one primary oocyte resumes meiosis, producing a secondary 

oocyte and a small polar body. The secondary oocyte is arrested at metaphase II and only 

completes meiosis if fertilisation occurs, producing a mature ovum and another polar body. 

This process ensures that the egg retains most of the cytoplasm, which is essential for supporting 

early embryonic development. 

 

Short description: Diagram showing stages of oogenesis from oogonia to mature ovum. 

Caption: Figure 2.2 Stages of oogenesis 

 

Fill in the blank: The secondary oocyte completes meiosis only if ______ occurs. 

Pilot questions 2.1 

What are the diploid cells that initiate spermatogenesis? 

What is the name of the process that transforms spermatids into spermatozoa? 

At which stage is the primary oocyte arrested until puberty? 
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What structure is produced alongside the secondary oocyte during meiosis? 

When does the secondary oocyte complete meiosis? 

 

2.2 Gene Activity In Oogenesis 

2.2.1 Regulation of maternal genes 

During oogenesis, the egg accumulates maternal genes, which are genes transcribed in the 

mother’s cells and stored in the egg to guide early development. These maternal genes provide 

instructions before the embryo’s own genome becomes active. They regulate processes such as 

cleavage, axis formation, and cell differentiation. Without maternal gene products, the embryo 

would not be able to initiate development successfully. 

Maternal genes are stored in the egg as messenger RNA (mRNA) and proteins, ready to be used 

immediately after fertilisation. This ensures that the embryo has a head start in development 

before its own transcription machinery is fully functional. 

 

Short description: Diagram showing maternal gene products stored in the egg and their role in 

early development. 

Caption: Figure 2.3 Regulation of maternal genes in oogenesis” 

Fill in the blank: Maternal genes are stored in the egg as ______ and proteins. 

2.2.2 Role of RNA and proteins 

The RNA and proteins deposited during oogenesis play a crucial role in regulating embryonic 

development. Messenger RNA provides templates for protein synthesis, while proteins act as 

enzymes, structural components, or signalling molecules. For example, some proteins regulate 

the timing of cell division, while others establish polarity in the egg. 

These molecules are not distributed evenly; instead, they are localised to specific regions of the 

egg. This localisation ensures that when the embryo begins to divide, different cells inherit 

distinct sets of molecules, leading to varied developmental fates. 

Box 2.4 Role of RNA and proteins in oogenesis 
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Feature 
Maternal Phase (Oogenesis/Early 

Cleavage) 

Zygotic Phase (Post-Mid-Blastula 

Transition) 

Genetic Source 
Maternal Genome: DNA from the 

mother's cells only. 

Zygotic Genome: Combined DNA 

from sperm and egg. 

Primary Molecules 
Stored maternal mRNA and pre-

synthesized proteins. 

Newly transcribed zygotic mRNA 

and proteins. 

Role of RNA 
Defines Polarity (Head/Tail) and 

initial cell cycles. 

Drives Organogenesis and 

specialized cell identity. 

Cell Division 
Rapid Cleavage: Fast divisions 

with no growth phase (G1/G2). 

Regulated Mitosis: Slower 

divisions with full growth phases. 

Polarity/Symmetry 
Established by Cytoplasmic 

Determinants (Bicoid/Nanos). 

Refined by Cell-to-Cell Signaling 

and Morphogens. 

Energy Source 
Yolk (Vitellogenin): Stored 

nutrients in the cytoplasm. 

External nutrients (Placenta or 

hatching/feeding). 

 

Fill in the blank: Messenger RNA provides templates for ______ synthesis during early 

development. 

Pilot questions 2.2 

What are maternal genes, and why are they important? 

In what form are maternal genes stored in the egg? 

Name one function of proteins deposited during oogenesis. 

Why are RNA and proteins localised to specific regions of the egg? 

What do messenger RNAs provide templates for? 

 

2.3 Cytoplasmic Localisation In The Mature Egg 

2.3.1 Distribution of cytoplasmic determinants 
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In oogenesis, the egg does not simply contain genetic material, but also stores cytoplasmic 

determinants, which are molecules such as RNA and proteins that influence the fate of cells 

during embryogenesis. These determinants are distributed unevenly within the egg, creating 

regions with distinct developmental instructions. For example, molecules concentrated at one 

pole of the egg may guide the formation of the nervous system, while those at another pole may 

contribute to muscle development. 

This uneven distribution ensures that when the egg divides, different cells inherit different sets of 

determinants, leading to varied developmental pathways. 

 

Short description: Diagram showing uneven distribution of cytoplasmic determinants in the egg. 

Caption: Figure 2.5 Distribution of cytoplasmic determinants in the egg 

 

Fill in the blank: Molecules that influence cell fate during embryogenesis are called cytoplasmic 

______. 

2.3.2 Influence on early embryonic development 

The localisation of cytoplasmic determinants has a profound effect on early embryonic 

development. As the fertilised egg undergoes cleavage, cells inherit different sets of 

determinants depending on their position. This inheritance directs cells to follow specific 

developmental pathways, ensuring the correct formation of tissues and organs. 

For instance, determinants that regulate axis formation help establish the body plan of the 

embryo, distinguishing head from tail and dorsal from ventral regions. Without proper 

localisation, embryonic development would be disorganised, leading to abnormal structures. 

Box 2.6 Influence of cytoplasmic localisation on embryonic development 

 

 

Category Process/Subject Key Components / Stages 

Gametogenesis Spermatogenesis 

Spermatogonia $\rightarrow$ Primary Spermatocyte 

$\rightarrow$ Secondary Spermatocyte $\rightarrow$ 

Spermatid $\rightarrow$ Spermatozoa. 

Gametogenesis Oogenesis 

Oogonia $\rightarrow$ Primary Oocyte $\rightarrow$ 

Secondary Oocyte (and Polar Bodies) $\rightarrow$ 

Mature Ovum. 
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Category Process/Subject Key Components / Stages 

Embryogenesis 
Early 

Development 

Zygote $\rightarrow$ Cleavage $\rightarrow$ Blastula 

$\rightarrow$ Gastrulation $\rightarrow$ Differentiation 

(Muscle, Nerve, Skin). 

Insect Vectors 
Disease 

Transmission 

Mosquito: Malaria, Dengue, Yellow Fever; Sandfly: 

Leishmaniasis; Tsetse Fly: Sleeping Sickness. 

Vector Control IVM Strategies 
Environmental: Draining water; Biological: Natural 

predators; Chemical: Selective pesticides. 

Entomology Field Collection Handpicking, Sweeping nets, Beating trays. 

Entomology Preservation 
Pinning (Thorax/Elytra), Wing spreading (Butterflies), 

Labelling, and Drawer storage. 

Identification 
Morphology & 

Tech 

Mouthparts (Siphoning, Sponging, etc.), DNA 

Barcoding, and Digital Imaging. 

 

Fill in the blank: Cytoplasmic localisation helps establish the body ______ of the embryo. 

Pilot questions 2.3 

What are cytoplasmic determinants? 

Why are cytoplasmic determinants distributed unevenly in the egg? 

How do cytoplasmic determinants affect early embryonic development? 

What role do determinants play in axis formation? 

What might happen if cytoplasmic localisation is disrupted? 

 

Series Summary 

This Series explored the processes of gametogenesis and oogenesis, which are central to 

reproduction and the continuity of life. We began by examining spermatogenesis and oogenesis, 

highlighting how male and female gametes are formed. We then moved on to gene activity in 

oogenesis, focusing on the regulation of maternal genes and the role of RNA and proteins in 

preparing the egg for development. Finally, we analysed cytoplasmic localisation in the mature 
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egg, showing how cytoplasmic determinants are distributed and how they influence early 

embryonic development. 

By completing this Series, you should now be able to describe spermatogenesis, explain the 

stages of oogenesis, analyse gene activity, evaluate the role of RNA and proteins, and assess the 

significance of cytoplasmic localisation. These achievements align with the Series Learning 

Outcomes, ensuring you are well prepared to understand how gametes and eggs contribute to the 

earliest stages of life. 

Glossary of Terms 

Cytoplasmic determinants: Molecules such as RNA and proteins that influence cell fate 

during embryogenesis. 

Maternal genes: Genes transcribed in the mother’s cells and stored in the egg to guide early 

development. 

Messenger RNA (mRNA): RNA molecules that provide templates for protein synthesis. 

Oogenesis: The process by which female gametes (eggs) are produced in the ovaries. 

Polar body: A small cell produced during oogenesis that contains discarded genetic material. 

Spermatogenesis: The process by which male gametes (sperm cells) are produced in the 

testes. 

Spermiogenesis: The transformation of spermatids into mature spermatozoa. 

Zygote: The fertilised egg formed when sperm and egg combine. 

Concept Check Questions 2 

Objective questions 

The transformation of spermatids into spermatozoa is called ______. (Linked to SLO 2.1) 

The secondary oocyte completes meiosis only if ______ occurs. (Linked to SLO 2.2) 

Maternal genes are stored in the egg as ______ and proteins. (Linked to SLO 2.3) 

Messenger RNA provides templates for ______ synthesis. (Linked to SLO 2.4) 

Molecules that influence cell fate during embryogenesis are called cytoplasmic ______. 

(Linked to SLO 2.5) 

Short-answer questions 

6. What are spermatogonia, and what role do they play in spermatogenesis? (Linked to SLO 2.1) 

7. Why does the egg retain most of the cytoplasm during oogenesis? (Linked to SLO 2.2) 

8. Explain the importance of maternal genes in early development. (Linked to SLO 2.3) 

9. Give one example of a protein function during oogenesis. (Linked to SLO 2.4) 

10. How does cytoplasmic localisation help establish the body plan of the embryo? (Linked to 

SLO 2.6) 

Long-answer questions 

11. Analyse the differences between spermatogenesis and oogenesis. (Linked to SLO 2.1, 2.2) 

12. Evaluate the role of RNA and proteins in regulating oogenesis. (Linked to SLO 2.4) 
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13. Discuss the significance of cytoplasmic determinants in embryonic development. (Linked to 

SLO 2.5, 2.6) 

Answers to Concept Check Questions 2 

Objective questions 

Spermiogenesis. 

Fertilisation. 

mRNA. 

Protein. 

Determinants. 

Short-answer questions 

6. Spermatogonia are diploid cells that initiate spermatogenesis by dividing and differentiating 

into spermatocytes. 

7. To provide sufficient nutrients and molecules for early embryonic development. 

8. Maternal genes regulate processes before the embryo’s genome becomes active, ensuring 

proper development. 

9. Proteins can regulate cell division or establish polarity in the egg. 

10. By directing cells to follow specific developmental pathways, ensuring correct tissue and 

axis formation. 

Long-answer questions 

11. Basic response: Spermatogenesis produces many small sperm cells, while oogenesis 

produces one large egg with polar bodies. 

Value-added response: Spermatogenesis is continuous and symmetrical, whereas oogenesis is 

cyclical, asymmetrical, and retains cytoplasm for embryonic support. 

Basic response: RNA and proteins regulate cell division and polarity in the egg. 

Value-added response: They also coordinate gene expression, signalling pathways, and 

localisation, ensuring precise embryonic development. 

Basic response: Cytoplasmic determinants influence cell fate and tissue differentiation. 

Value-added response: They also establish embryonic axes, guide organ formation, and 

prevent developmental abnormalities. 

Answers to Pilot Questions 2 

Part 2.1 

Spermatogonia. 

Spermiogenesis. 

Prophase I. 

Polar body. 

Fertilisation. 
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Part 2.2 

Maternal genes are stored in the egg to regulate early development. 

As mRNA and proteins. 

Regulating cell division. 

To ensure varied developmental fates in different cells. 

Protein synthesis. 

Part 2.3 

Molecules such as RNA and proteins that influence cell fate. 

To ensure different cells inherit distinct developmental instructions. 

They direct cells to follow specific pathways. 

They help establish the body plan. 

Abnormal development may occur. 

References And Attributions 2 

Figures and Boxes suggested in Series 2: 

Figure 2.1 Stages of spermatogenesis 

Figure 2.2 Stages of oogenesis 

Figure 2.3 Regulation of maternal genes in oogenesis 

Box 2.4 Role of RNA and proteins in oogenesis 

Figure 2.5 Distribution of cytoplasmic determinants in the egg 

Box 2.6 Influence of cytoplasmic localisation on embryonic development 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing spermatogenesis, oogenesis, maternal gene activity, and 

cytoplasmic localisation. 

Boxes summarising RNA and protein roles, and influence of cytoplasmic 

localisation. 

Open Educational Resource (OER) search strings suggested: 

“spermatogenesis stages diagram OER” 

“oogenesis stages diagram OER” 

“maternal gene activity oogenesis diagram OER” 

“RNA proteins role oogenesis embryonic development OER” 

“cytoplasmic determinants distribution egg diagram OER” 

“cytoplasmic localisation embryonic development OER” 

General references (APA style): 

Gilbert, S. F. (2010). Developmental Biology. Sinauer Associates. 

Alberts, B., Johnson, A., Lewis, J., et al. (2015). Molecular Biology of the Cell. 

Garland Science. 

OER Commons. (n.d.). Gamete formation and oogenesis resources. Retrieved from 

https://www.oercommons.org 
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ZOO318 Series 3 Fertilisation, Cleavage, And Early Embryogenesis 

Part 3.1 Fertilisation 

3.1.1 Mechanisms of gamete recognition and fusion 

3.1.2 Prevention of polyspermy 

Part 3.2 Cleavage 

3.2.1 Patterns of cleavage in different organisms 

3.2.2 Regulation of cleavage divisions 

Part 3.3 Blastulation and gastrulation 

3.3.1 Formation of the blastula 

3.3.2 Gastrulation and establishment of germ layers 

Part 3.4 Early embryogenesis 

3.4.1 Axis formation and cell interactions 

3.4.2 Transition to organogenesis 

 

Introduction 

In the last Series, we examined gametogenesis and oogenesis, focusing on how gametes are 

formed and prepared for development. Building on that knowledge, this Series explores the 

events that occur immediately after gametes unite, leading to the formation of a new organism. 

Fertilisation, cleavage, and early embryogenesis are critical stages that set the foundation for all 

subsequent development. 

The aim of this Series is to explain the processes of fertilisation, describe the patterns and 

regulation of cleavage, and analyse the formation of the blastula and gastrula, culminating in the 

early events of embryogenesis. 

We shall commence this Series by studying fertilisation, including gamete recognition, fusion, 

and mechanisms that prevent polyspermy. Next, we will explore cleavage, considering its 

patterns and regulation across different organisms. Following that, we will examine blastulation 

and gastrulation, focusing on the formation of germ layers. Finally, we will conclude with early 

embryogenesis, analysing axis formation, cell interactions, and the transition towards 

organogenesis. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 3.1 explain the mechanisms of gamete recognition and fusion during fertilisation, 

SLO 3.2 describe how polyspermy is prevented, 

SLO 3.3 analyse the patterns of cleavage in different organisms, 

SLO 3.4 evaluate the regulation of cleavage divisions, 

SLO 3.5 explain the formation of the blastula and the process of gastrulation, 
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SLO 3.6 assess how germ layers are established during gastrulation, and 

SLO 3.7 analyse axis formation, cell interactions, and the transition to organogenesis in early 

embryogenesis. 

 

3.1 Fertilisation 

3.1.1 Mechanisms of gamete recognition and fusion 

Fertilisation is the process by which male and female gametes unite to form a zygote. A crucial 

step in this process is gamete recognition, where sperm and egg identify each other through 

specific molecular signals. Proteins on the sperm surface interact with receptors on the egg 

membrane, ensuring species-specific fertilisation. Once recognition occurs, the sperm penetrates 

the egg’s protective layers, such as the zona pellucida in mammals, and fuses with the egg 

membrane. 

Fusion of gametes allows the mixing of genetic material, restoring the diploid chromosome 

number and initiating embryonic development. This event also triggers metabolic changes in the 

egg, preparing it for cleavage and subsequent stages of development. 

 

Short description: Diagram showing sperm approaching the egg, recognition, and fusion of 

membranes. 

Caption: Figure 3.1 Gamete recognition and fusion during fertilisation 

 

Fill in the blank: Fertilisation restores the ______ chromosome number in the zygote. 
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3.1.2 Prevention of polyspermy 

One of the challenges during fertilisation is preventing polyspermy, which occurs when more 

than one sperm enters the egg. Polyspermy disrupts the chromosome number and leads to 

abnormal development. To avoid this, eggs employ two main mechanisms: the fast block and the 

slow block. 

The fast block involves a rapid change in the egg’s membrane potential immediately after the 

first sperm fuses, preventing additional sperm from entering. The slow block, also known as the 

cortical reaction, involves the release of cortical granules that modify the zona pellucida, creating 

a physical barrier against further sperm penetration. Together, these mechanisms ensure that only 

one sperm fertilises the egg, maintaining genetic stability. 

Box 3.2 Mechanisms preventing polyspermy 

 

 

Category Process / Focus Key Stages or Components 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia $\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids $\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ Oocytes $\rightarrow$ 

Polar Bodies $\rightarrow$ Mature Ovum. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage $\rightarrow$ Blastula 

$\rightarrow$ Gastrulation $\rightarrow$ Tissue 

Differentiation (Muscle, Nerve, Skin). 

Insect Vectors Major Vectors 

Mosquito: Malaria, Dengue, Yellow Fever. 

 

 

 

Sandfly: Leishmaniasis. 
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Category Process / Focus Key Stages or Components 

 

 

 

Tsetse Fly: Sleeping Sickness. 

Insect Vectors Animal Pests 
Stable Fly & Horsefly: Livestock feeding and 

pathogen transmission. 

Vector 

Management 
IVM Strategies 

Environmental: Draining stagnant water. 

 

 

 

Biological: Natural enemies (e.g., ladybugs, wasps). 

 

 

 

Chemical: Selective pesticides. 

Entomological 

Fieldwork 

Collection 

Methods 

Handpicking, Sweeping Nets, Beating Trays, and 

Safety Gear (Personal Protective Equipment). 

Specimen 

Preservation 

Dry 

Preservation 

Pinning (Thorax/Elytra), Butterfly Wing Spreading, 

and Labelling (Data, Taxonomy, Method). 

Modern 

Identification 

Morphology & 

Tech 

Mouthparts (Siphoning, Lapping), DNA Barcoding, 

and Digital Imaging Systems. 

 

Fill in the blank: The cortical reaction is part of the ______ block that prevents polyspermy. 

Pilot questions 3.1 
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What is the process by which gametes unite to form a zygote? 

What ensures species-specific fertilisation during gamete recognition? 

What protective layer does sperm penetrate in mammals? 

What is polyspermy, and why is it harmful? 

Name the two mechanisms that prevent polyspermy. 

 

3.2 Cleavage 

3.2.1 Patterns of cleavage in different organisms 

Cleavage refers to the rapid series of cell divisions that occur immediately after fertilisation. 

Unlike normal cell cycles, cleavage divisions are characterised by the absence of cell growth 

between divisions, resulting in progressively smaller cells called blastomeres. The pattern of 

cleavage varies among organisms and is influenced by the amount and distribution of yolk in the 

egg. 

For example, in amphibians, cleavage is holoblastic, meaning the entire egg divides, although 

unevenly due to yolk concentration. In birds and reptiles, cleavage is meroblastic, restricted to a 

small disc of cytoplasm on top of the yolk. These differences highlight how egg structure 

influences the developmental pathway. 

 

Short description: Diagram comparing holoblastic cleavage in amphibians and meroblastic 

cleavage in birds. 

Caption: Figure 3.3 Patterns of cleavage in different organisms 
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Fill in the blank: The progressively smaller cells produced during cleavage are called ______. 

3.2.2 Regulation of cleavage divisions 

The regulation of cleavage is controlled by maternal factors stored in the egg and later by the 

activation of the embryonic genome. Initially, maternal mRNA and proteins direct the timing and 

orientation of cell divisions. As development progresses, the embryo begins to regulate its own 

cleavage through gene expression. 

Cleavage divisions are highly coordinated, ensuring that blastomeres are positioned correctly to 

form the blastula. Errors in regulation can lead to abnormal development, emphasising the 

importance of precise control during these early stages. 

Box 3.4 Regulation of cleavage divisions 

 

 

Category Process / Focus Key Stages, Components, or Methods 

Cellular 

Development 
Gametogenesis 

Male: Spermatogonia $\rightarrow$ Primary/Secondary 

Spermatocytes $\rightarrow$ Spermatids $\rightarrow$ 

Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ Primary/Secondary 

Oocytes $\rightarrow$ Polar Bodies $\rightarrow$ Mature 

Ovum. 

Cellular 

Development 
Embryogenesis 

Early Stages: Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula $\rightarrow$ Gastrulation. 

 

 

 

Differentiation: Formation of specialized Muscle, Nerve, 

and Skin cells. 
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Category Process / Focus Key Stages, Components, or Methods 

Field 

Entomology 
Collection 

Manual: Handpicking (with tweezers). 

 

 

 

Active: Sweeping nets through vegetation. 

 

 

 

Passive/Mechanical: Beating trays for foliage-dwelling 

insects. 

Field 

Entomology 
Safety 

PPE: Long sleeves, tucked pants (tick/snake safety), 

gloves, and respiratory protection for fumigants. 

Taxonomy & 

ID 
Morphology 

Head/Mouth: Mandibles (biting), Proboscis (siphoning), 

Sponging/Lapping. 

 

 

 

Thorax/Wings: Elytra (beetles), Membranous (flies), 

Scaled (butterflies). 

Taxonomy & 

ID 
Modern Tech 

Digital: High-magnification imaging and database 

matching. 

 

 

 

Molecular: DNA Barcoding (PCR amplification and 

sequencing). 
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Category Process / Focus Key Stages, Components, or Methods 

Specimen Care Preservation 

Mounting: Pinning through the thorax or right elytron. 

 

 

 

Display: Wing spreading for Lepidoptera using spreading 

boards and strips. 

Specimen Care Storage 
Organization: Data labels (Location/Date), Taxonomy 

labels, and systematic storage in museum drawers. 

 

Fill in the blank: Cleavage divisions are initially regulated by maternal ______ stored in the egg. 

Pilot questions 3.2 

What are the small cells produced during cleavage called? 

What type of cleavage occurs in amphibians? 

What type of cleavage occurs in birds and reptiles? 

What controls cleavage divisions at the earliest stages? 

Why is regulation of cleavage important for development? 

 

3.3 Blastulation And Gastrulation 

3.3.1 Formation of the blastula 

After cleavage, the embryo develops into a blastula, which is a hollow ball of cells surrounding 

a fluid-filled cavity called the blastocoel. The blastula stage is crucial because it marks the 

transition from simple cell divisions to more complex cellular arrangements. The blastocoel 

provides space for cell movements that will occur during gastrulation. 

The structure of the blastula varies among organisms. In amphibians, the blastula has a large 

blastocoel, while in birds and reptiles, the blastoderm forms on top of the yolk. Despite these 

differences, the blastula stage prepares the embryo for the next major developmental process. 

 

Short description: Diagram showing blastula formation with blastocoel cavity. 
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Caption: Figure 3.5 Formation of the blastula 

 

Fill in the blank: The fluid-filled cavity inside the blastula is called the ______. 

3.3.2 Gastrulation and establishment of germ layers 

Gastrulation is the process by which the blastula reorganises into a multilayered structure called 

the gastrula. During gastrulation, cells migrate inward, forming three primary germ layers: 

ectoderm, mesoderm, and endoderm. Each germ layer gives rise to specific tissues and organs. 

For example, the ectoderm forms the nervous system and skin, the mesoderm forms muscles and 

the circulatory system, and the endoderm forms the digestive tract and associated organs. 

Gastrulation is a pivotal stage because it establishes the basic body plan of the embryo. Axis 

formation, tissue differentiation, and organ development all depend on the correct establishment 

of germ layers during this process. 

Box 3.6 Germ layers formed during gastrulation 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Gametogenesis 
Male 

Development 

Spermatogonia $\rightarrow$ 

Primary/Secondary Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

Reproductive 

biology and fertility 

studies. 

Gametogenesis 
Female 

Development 

Oogonia $\rightarrow$ 

Primary/Secondary Oocytes 

$\rightarrow$ Polar Bodies 

$\rightarrow$ Mature Ovum. 

Developmental 

cycles and 

embryology. 

Embryogenesis Early Stages 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula $\rightarrow$ 

Gastrulation. 

Foundational 

developmental 

milestones. 

Differentiation 
Cellular 

Specialization 

Ectoderm, Mesoderm, Endoderm 

$\rightarrow$ Muscle, Nerve, and 

Skin cells. 

Tissue engineering 

and anatomy. 

Entomology 
Field 

Collection 

Handpicking, Sweeping Nets, 

Beating Trays, and PPE (Safety 

gear). 

Biodiversity 

sampling and pest 

monitoring. 

Entomology Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Butterflies), and 

Labelling. 

Museum curation 

and specimen 

longevity. 

Taxonomy Identification 

Mouthparts (Siphoning, Sponging), 

Wings (Elytra, Scaled), and 

Antennae. 

Species 

classification and 

morphology. 

Modern Tech Advanced ID 
Digital Imaging (High-mag) and 

DNA Barcoding (PCR sequencing). 

Molecular biology 

and digital 

archiving. 
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Fill in the blank: The three primary germ layers formed during gastrulation are ectoderm, 

mesoderm, and ______. 

Pilot questions 3.3 

What is the blastula, and what cavity does it contain? 

How does the blastula differ between amphibians and birds? 

What is gastrulation, and what structure does it produce? 

Name the three primary germ layers formed during gastrulation. 

Which germ layer gives rise to the nervous system? 

 

3.4 Early Embryogenesis 

3.4.1 Axis formation and cell interactions 

Early embryogenesis involves the establishment of the body’s primary axes and the 

coordination of cell interactions. Axis formation refers to the development of the anterior–

posterior, dorsal–ventral, and left–right orientations of the embryo. These axes are essential for 

organising tissues and organs in the correct positions. Molecular signals, such as morphogens, 

play a key role in defining these axes by creating gradients that instruct cells about their location 

and fate. 

Cell interactions are equally important during this stage. Cells communicate through signalling 

pathways, ensuring that neighbouring cells adopt complementary roles. For example, some cells 

may induce others to form neural tissue, while others contribute to mesodermal structures. This 

coordination guarantees that the embryo develops as a unified system rather than as isolated 

parts. 

 

Short description: Diagram showing axis formation and signalling gradients in the early embryo. 
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Caption: Figure 3.7 Axis formation and cell interactions in early embryogenesis 

 

Fill in the blank: The three primary axes established during early embryogenesis are anterior–

posterior, dorsal–ventral, and ______. 

3.4.2 Transition to organogenesis 

Following axis formation and germ layer establishment, the embryo begins the transition to 

organogenesis, the stage where tissues organise into organs. This transition involves the 

differentiation of cells into specialised types and the coordination of multiple signalling 

pathways. For instance, the neural tube forms from the ectoderm, while the heart develops from 

mesodermal tissues. 

Organogenesis marks the beginning of visible structural development, where the embryo starts to 

resemble the adult form. Errors during this stage can lead to congenital abnormalities, 

highlighting the importance of precise regulation. 

Box 3.8 Transition to organogenesis 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Gametogenesis 
Male 

Development 

Spermatogonia $\rightarrow$ 

Primary/Secondary Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

Reproductive 

biology and fertility 

studies. 

Gametogenesis 
Female 

Development 

Oogonia $\rightarrow$ 

Primary/Secondary Oocytes 

$\rightarrow$ Polar Bodies 

$\rightarrow$ Mature Ovum. 

Developmental 

cycles and 

embryology. 

Embryogenesis Early Stages 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula $\rightarrow$ 

Gastrulation. 

Foundational 

developmental 

milestones. 

Differentiation 
Cellular 

Specialization 

Ectoderm, Mesoderm, Endoderm 

$\rightarrow$ Muscle, Nerve, and 

Skin cells. 

Tissue engineering 

and anatomy. 

Entomology 
Field 

Collection 

Handpicking, Sweeping Nets, 

Beating Trays, and PPE (Safety 

gear). 

Biodiversity 

sampling and pest 

monitoring. 

Entomology Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Butterflies), and 

Labelling. 

Museum curation 

and specimen 

longevity. 

Taxonomy Identification 

Mouthparts (Siphoning, Sponging), 

Wings (Elytra, Scaled), and 

Antennae. 

Species 

classification and 

morphology. 

Modern Tech Advanced ID 
Digital Imaging (High-mag) and 

DNA Barcoding (PCR sequencing). 

Molecular biology 

and digital 

archiving. 
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Fill in the blank: The neural tube, which later forms the brain and spinal cord, develops from the 

______. 

Pilot questions 3.4 

What are the three primary axes established during early embryogenesis? 

How do morphogens contribute to axis formation? 

Why are cell interactions important during early embryogenesis? 

What is organogenesis, and when does it begin? 

Which germ layer gives rise to the neural tube? 

 

Series Summary 

This Series examined the critical stages that follow gamete union, laying the foundation for 

embryonic development. We began with fertilisation, focusing on gamete recognition, fusion, 

and mechanisms preventing polyspermy. We then explored cleavage, considering its patterns 

across organisms and the regulation of these divisions. Following that, we studied blastulation 

and gastrulation, highlighting the formation of the blastula, the gastrula, and the establishment of 

germ layers. Finally, we analysed early embryogenesis, including axis formation, cell 

interactions, and the transition to organogenesis. 

By completing this Series, you should now be able to explain fertilisation mechanisms, describe 

polyspermy prevention, analyse cleavage patterns, evaluate cleavage regulation, explain blastula 

formation and gastrulation, assess germ layer establishment, and analyse axis formation and 

organogenesis. These outcomes align with the Series Learning Outcomes, equipping you with a 

strong understanding of the earliest stages of life. 

Glossary of Terms 

Blastocoel: The fluid-filled cavity inside the blastula. 

Blastomeres: The small cells produced during cleavage. 

Blastula: A hollow ball of cells formed after cleavage. 

Cleavage: Rapid cell divisions after fertilisation that produce blastomeres. 

Cortical reaction: A slow block mechanism that prevents polyspermy by modifying the 

egg’s outer layer. 

Ectoderm: Germ layer that forms the nervous system and skin. 

Endoderm: Germ layer that forms the digestive tract and associated organs. 

Fertilisation: The process by which gametes unite to form a zygote. 

Gastrula: Embryonic stage formed during gastrulation, consisting of three germ layers. 

Gastrulation: The process by which the blastula reorganises into the gastrula. 

Holoblastic cleavage: Complete division of the egg, typical in amphibians. 

Meroblastic cleavage: Partial division of the egg, typical in birds and reptiles. 

Mesoderm: Germ layer that forms muscles, circulatory system, and other structures. 

Morphogens: Molecules that establish gradients to guide axis formation. 
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Polyspermy: Fertilisation by more than one sperm, leading to abnormal development. 

Zygote: The fertilised egg formed when sperm and egg unite. 

Concept Check Questions 3 

Objective questions 

Fertilisation restores the ______ chromosome number in the zygote. (Linked to SLO 3.1) 

The cortical reaction is part of the ______ block that prevents polyspermy. (Linked to SLO 

3.2) 

The progressively smaller cells produced during cleavage are called ______. (Linked to SLO 

3.3) 

Cleavage divisions are initially regulated by maternal ______ stored in the egg. (Linked to 

SLO 3.4) 

The fluid-filled cavity inside the blastula is called the ______. (Linked to SLO 3.5) 

The three primary germ layers formed during gastrulation are ectoderm, mesoderm, and 

______. (Linked to SLO 3.6) 

The three primary axes established during early embryogenesis are anterior–posterior, 

dorsal–ventral, and ______. (Linked to SLO 3.7) 

Short-answer questions 

8. Explain how gamete recognition ensures species-specific fertilisation. (Linked to SLO 3.1) 

9. Why is polyspermy harmful to development? (Linked to SLO 3.2) 

10. Contrast holoblastic and meroblastic cleavage. (Linked to SLO 3.3) 

11. What role do maternal mRNAs play in regulating cleavage? (Linked to SLO 3.4) 

12. What is gastrulation, and why is it important? (Linked to SLO 3.5) 

13. Which germ layer gives rise to the nervous system? (Linked to SLO 3.6) 

14. How do morphogens contribute to axis formation? (Linked to SLO 3.7) 

Long-answer questions 

15. Analyse the mechanisms that prevent polyspermy, explaining both fast and slow blocks. 

(Linked to SLO 3.2) 

16. Evaluate the importance of cleavage regulation for proper embryonic development. (Linked 

to SLO 3.4) 

17. Discuss the significance of gastrulation in establishing the body plan. (Linked to SLO 3.5, 

3.6) 

18. Assess the role of axis formation and cell interactions in early embryogenesis. (Linked to 

SLO 3.7) 

Answers to Concept Check Questions 3 

Objective questions 

Diploid. 

Slow. 

Blastomeres. 
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mRNA. 

Blastocoel. 

Endoderm. 

Left–right. 

Short-answer questions 

8. Proteins on sperm interact with receptors on the egg, ensuring only species-specific 

fertilisation. 

9. It disrupts chromosome number, leading to abnormal development. 

10. Holoblastic cleavage divides the entire egg, while meroblastic cleavage divides only part of 

the egg. 

11. They direct timing and orientation of early cell divisions. 

12. Gastrulation reorganises the blastula into germ layers, establishing the body plan. 

13. Ectoderm. 

14. Morphogens create gradients that instruct cells about their position and fate. 

Long-answer questions 

15. Basic response: Fast block changes membrane potential, slow block modifies the egg’s outer 

layer. 

Value-added response: Together, these mechanisms ensure only one sperm fertilises the egg, 

maintaining genetic stability. 

Basic response: Cleavage regulation ensures correct positioning of blastomeres. 

Value-added response: It prevents developmental errors and coordinates the transition to 

embryonic genome activation. 

Basic response: Gastrulation forms germ layers that give rise to tissues and organs. 

Value-added response: It also establishes axes and sets the foundation for 

organogenesis. 

Basic response: Axis formation and cell interactions organise tissues and organs. 

Value-added response: They integrate signalling pathways, ensuring coordinated 

development and preventing abnormalities. 

Answers to Pilot Questions 3 

Part 3.1 

Fertilisation. 

Molecular signals between sperm and egg. 

Zona pellucida. 

Entry of multiple sperm, causing abnormal chromosome numbers. 

Fast block and slow block. 

Part 3.2 

Blastomeres. 

Holoblastic cleavage. 
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Meroblastic cleavage. 

Maternal mRNA and proteins. 

To ensure proper positioning and development. 

Part 3.3 

Blastula; blastocoel. 

Amphibians have a large blastocoel, birds form a blastoderm on yolk. 

Reorganisation of blastula into gastrula. 

Ectoderm, mesoderm, endoderm. 

Ectoderm. 

Part 3.4 

Anterior–posterior, dorsal–ventral, left–right. 

By creating gradients that instruct cells. 

They ensure complementary roles and coordinated development. 

Organogenesis; begins after axis formation and germ layer establishment. 

Ectoderm. 

References And Attributions 3 

Figures and Boxes suggested in Series 3: 

Figure 3.1 Gamete recognition and fusion during fertilisation 

Box 3.2 Mechanisms preventing polyspermy 

Figure 3.3 Patterns of cleavage in different organisms 

Box 3.4 Regulation of cleavage divisions 

Figure 3.5 Formation of the blastula 

Box 3.6 Germ layers formed during gastrulation 

Figure 3.7 Axis formation and cell interactions in early embryogenesis 

Box 3.8 Transition to organogenesis 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing fertilisation, cleavage patterns, blastula formation, 

gastrulation, axis formation. 

Boxes summarising polyspermy prevention, cleavage regulation, germ layers, 

and organogenesis. 

Open Educational Resource (OER) search strings suggested: 

“fertilisation gamete recognition fusion diagram OER” 

“fertilisation polyspermy prevention fast block slow block OER” 

“cleavage patterns holoblastic meroblastic diagram OER” 

“regulation of cleavage divisions embryogenesis OER” 

“blastula formation embryogenesis diagram OER” 

“gastrulation germ layers ectoderm mesoderm endoderm OER” 

“axis formation cell interactions embryogenesis diagram OER” 

“organogenesis germ layer derivatives embryogenesis OER” 

General references (APA style): 
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Gilbert, S. F. (2010). Developmental Biology. Sinauer Associates. 

Alberts, B., Johnson, A., Lewis, J., et al. (2015). Molecular Biology of the Cell. 

Garland Science. 

 

ZOO318 Series 4 Differentiation, Tissue Interactions, And 

Organogenesis 

Part 4.1 Cellular differentiation 

4.1.1 Mechanisms of cell fate determination 

4.1.2 Role of gene expression in differentiation 

Part 4.2 Tissue interactions 

4.2.1 Induction and signalling pathways 

4.2.2 Examples of epithelial–mesenchymal interactions 

Part 4.3 Organogenesis 

4.3.1 Formation of major organ systems 

4.3.2 Regulation of organ development 

 

Introduction 

In the last Series, we explored fertilisation, cleavage, and the early stages of embryogenesis, 

focusing on how the zygote develops into a structured embryo with established germ layers and 

axes. Building on that foundation, this Series examines how cells specialise, tissues interact, and 

organs begin to form. These processes are essential for transforming a simple embryo into a 

complex organism with functional systems. 

The aim of this Series is to explain the mechanisms of cellular differentiation, analyse how 

tissues interact to guide development, and evaluate the processes that lead to organogenesis. 

We shall commence this Series by studying cellular differentiation, focusing on how cell fate is 

determined and the role of gene expression. Next, we will explore tissue interactions, considering 

induction, signalling pathways, and examples of epithelial–mesenchymal interactions. Finally, 

we will conclude with organogenesis, examining the formation of major organ systems and the 

regulation of their development. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 4.1 explain the mechanisms of cell fate determination during differentiation, 

SLO 4.2 analyse the role of gene expression in cellular differentiation, 

SLO 4.3 describe how tissue interactions influence development, 
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SLO 4.4 evaluate induction and signalling pathways in tissue interactions, 

SLO 4.5 explain examples of epithelial–mesenchymal interactions, 

SLO 4.6 describe the formation of major organ systems during organogenesis, and 

SLO 4.7 assess the regulation of organ development. 

 

4.1 Cellular Differentiation 

4.1.1 Mechanisms of cell fate determination 

Cellular differentiation is the process by which unspecialised cells become specialised to 

perform distinct functions. A key aspect of this process is cell fate determination, which refers 

to how cells decide what type of tissue or organ they will form. This determination is influenced 

by intrinsic factors, such as gene expression, and extrinsic factors, such as signals from 

neighbouring cells. 

Cells often rely on positional information within the embryo. For example, gradients of 

signalling molecules, known as morphogens, provide cues that guide cells towards specific 

developmental pathways. Once a cell’s fate is determined, it becomes committed to a particular 

role, even if placed in a different environment. 

 

Short description: Diagram showing morphogen gradients influencing cell fate determination. 

Caption: Figure 4.1 Mechanisms of cell fate determination 

 

Fill in the blank: Gradients of signalling molecules that guide cell fate are called ______. 
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4.1.2 Role of gene expression in differentiation 

The role of gene expression in differentiation is central to how cells acquire specialised 

functions. Although all cells in an organism contain the same DNA, different sets of genes are 

activated or silenced in each cell type. This selective gene expression leads to the production of 

proteins that define a cell’s structure and function. 

For instance, muscle cells express genes that produce contractile proteins, while nerve cells 

express genes that produce neurotransmitters. Epigenetic mechanisms, such as DNA methylation 

and histone modification, also regulate which genes are active, ensuring stable patterns of 

differentiation. 

Box 4.2 Role of gene expression in differentiation 

 

 

Category Subject / Focus Key Stages or Components Practical Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Reproductive biology, 

fertility studies, and 

historical theories. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Foundational 

milestones in early life 

development. 

Differentiation 
Cellular 

Growth 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, tissue 

engineering, and 

anatomy. 
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Category Subject / Focus Key Stages or Components Practical Application 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity sampling 

and vector monitoring. 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, 

and branch/tick/snake protection. 

Fieldwork risk 

management and safe 

chemical handling. 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving and 

systematic research 

collections. 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, 

Scaled), and Antennae. 

Traditional species 

classification and 

morphological keys. 

Modern 

Technology 
Advanced ID 

Digital Imaging and DNA 

Barcoding (PCR sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: Although all cells contain the same DNA, different sets of ______ are activated 

or silenced in each cell type. 

Pilot questions 4.1 

What is cellular differentiation? 

What does cell fate determination mean? 

What molecules provide positional information to guide cell fate? 

How does gene expression contribute to differentiation? 

Name one epigenetic mechanism that regulates gene activity. 

 

4.2 Tissue Interactions 

4.2.1 Induction and signalling pathways 
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Tissue interactions are essential for guiding cells and tissues to develop correctly. One of the 

most important processes is induction, where one group of cells influences the fate of another 

through chemical signals. Induction ensures that tissues form in the right place and at the right 

time. 

These signals are transmitted through signalling pathways, which are chains of molecular 

events inside cells. Common pathways include the Notch, Wnt, and Hedgehog pathways, each 

playing a role in regulating cell communication and differentiation. For example, the Notch 

pathway helps cells decide whether to become nerve or skin cells, while the Wnt pathway is 

crucial for axis formation and organ development. 

 

Short description: Diagram showing induction between tissues and signalling pathways such as 

Notch and Wnt. 

Caption: Figure 4.3 Induction and signalling pathways in tissue interactions 

 

Fill in the blank: The process by which one group of cells influences the fate of another is called 

______. 

4.2.2 Examples of epithelial–mesenchymal interactions 

A key example of tissue interactions is epithelial–mesenchymal interactions, where epithelial 

tissues (sheets of cells) and mesenchymal tissues (loosely organised cells) communicate to shape 

organs. These interactions are critical in the development of structures such as teeth, hair 

follicles, and lungs. 

For instance, in tooth development, the epithelium signals the mesenchyme to form dental 

tissues, while the mesenchyme signals back to shape the enamel and dentine. Similarly, in lung 
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development, epithelial cells branch out to form airways, guided by signals from mesenchymal 

cells. These reciprocal interactions highlight the cooperative nature of tissue development. 

Box 4.4 Examples of epithelial–mesenchymal interactions 

 

 

Category Process / Focus Key Stages or Components 
Practical 

Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Foundations of 

reproductive biology 

and fertility studies. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Foundational 

milestones in early 

life development. 

Cellular Biology Differentiation 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, tissue 

engineering, and 

anatomy. 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity sampling 

and vector 

monitoring. 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, 

and branch/tick/snake protection. 

Fieldwork risk 

management and safe 

chemical handling. 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving 

and systematic 

research collections. 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, Scaled), 

and Antennae. 

Traditional species 

classification and 

morphological keys. 

Modern 

Technology 
Advanced ID 

Digital Imaging and DNA 

Barcoding (PCR sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: Reciprocal communication between epithelial and mesenchymal tissues is 

essential for the development of ______. 

Pilot questions 4.2 

What is induction in tissue interactions? 

Name one signalling pathway involved in tissue communication. 

What are epithelial–mesenchymal interactions? 

Give one example of epithelial–mesenchymal interaction in organ development. 

Why are tissue interactions important in development? 

 

4.3 Organogenesis 

4.3.1 Formation of major organ systems 

Organogenesis is the stage of development where the germ layers established during 

gastrulation give rise to specific organs. Each germ layer contributes to distinct systems. For 

example, the ectoderm forms the nervous system and skin, the mesoderm forms muscles, bones, 

and the circulatory system, while the endoderm forms the digestive tract and associated organs. 

This process involves coordinated cell differentiation, migration, and tissue folding. For instance, 

the neural tube forms from the ectoderm through a process called neurulation, while the heart 

develops from mesodermal tissues. Organogenesis marks the beginning of visible structural 

development, where the embryo starts to resemble the adult form. 
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Short description: Diagram showing organ systems derived from ectoderm, mesoderm, and 

endoderm. 

Caption: Figure 4.5 Formation of major organ systems from germ layers 

 

Fill in the blank: The neural tube, which later forms the brain and spinal cord, develops from the 

______. 

4.3.2 Regulation of organ development 

The regulation of organ development depends on precise genetic control and tissue interactions. 

Specific genes act as master regulators, turning on cascades of other genes that drive organ 

formation. For example, the Pax6 gene is critical for eye development, while Nkx2.5 regulates 

heart formation. 

Tissue interactions also play a role, as organs often require signals from neighbouring tissues to 

develop correctly. For instance, epithelial–mesenchymal interactions guide the branching of 

lungs and kidneys. Errors in regulation can lead to congenital abnormalities, highlighting the 

importance of coordinated genetic and cellular processes. 

Box 4.6 Regulation of organ development 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Foundations of 

reproductive biology 

and fertility studies. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Foundational 

milestones in early 

life development. 

Cellular Biology Differentiation 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, tissue 

engineering, and 

anatomy. 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity sampling 

and vector 

monitoring. 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, 

and branch/tick/snake protection. 

Fieldwork risk 

management and safe 

chemical handling. 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving 

and systematic 

research collections. 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, Scaled), 

and Antennae. 

Traditional species 

classification and 

morphological keys. 

Modern 

Technology 
Advanced ID 

Digital Imaging and DNA 

Barcoding (PCR sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: The Pax6 gene is critical for the development of the ______. 

Pilot questions 4.3 

What is organogenesis? 

Which germ layer gives rise to the nervous system? 

Name one organ derived from the mesoderm. 

What gene regulates eye development? 

Why are tissue interactions important in organ development? 

 

Series Summary 

This Series focused on how cells specialise, tissues interact, and organs begin to form, building 

on the foundation of early embryogenesis. We began with cellular differentiation, examining 

mechanisms of cell fate determination and the role of gene expression. We then explored tissue 

interactions, considering induction, signalling pathways, and examples of epithelial–

mesenchymal interactions. Finally, we studied organogenesis, highlighting the formation of 

major organ systems and the regulation of their development. 

By completing this Series, you should now be able to explain cell fate determination, analyse 

gene expression in differentiation, describe tissue interactions, evaluate signalling pathways, 

explain epithelial–mesenchymal interactions, describe organ formation, and assess the regulation 

of organ development. These achievements align with the Series Learning Outcomes, equipping 

you with a clear understanding of how complex organisms are built from simple embryonic 

structures. 

Glossary of Terms 
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Cell fate determination: The process by which a cell commits to a specific developmental 

pathway. 

Cellular differentiation: The process by which unspecialised cells become specialised to 

perform distinct functions. 

Epithelial–mesenchymal interactions: Reciprocal communication between epithelial and 

mesenchymal tissues that guides organ development. 

Epigenetic mechanisms: Modifications such as DNA methylation and histone changes that 

regulate gene activity without altering DNA sequence. 

Induction: A process where one group of cells influences the fate of another through 

chemical signals. 

Master regulator genes: Genes that control organ development by activating cascades of 

other genes. 

Organogenesis: The stage of development where germ layers give rise to specific organs. 

Signalling pathways: Chains of molecular events that transmit signals within and between 

cells, guiding development. 

Concept Check Questions 4 

Objective questions 

Gradients of signalling molecules that guide cell fate are called ______. (Linked to SLO 4.1) 

Although all cells contain the same DNA, different sets of ______ are activated or silenced in 

each cell type. (Linked to SLO 4.2) 

The process by which one group of cells influences the fate of another is called ______. 

(Linked to SLO 4.3) 

Reciprocal communication between epithelial and mesenchymal tissues is essential for the 

development of ______. (Linked to SLO 4.5) 

The Pax6 gene is critical for the development of the ______. (Linked to SLO 4.7) 

Short-answer questions 

6. What is cellular differentiation? (Linked to SLO 4.1) 

7. How does gene expression contribute to differentiation? (Linked to SLO 4.2) 

8. Name one signalling pathway involved in tissue interactions. (Linked to SLO 4.4) 

9. Give one example of epithelial–mesenchymal interaction in organ development. (Linked to 

SLO 4.5) 

10. Which germ layer gives rise to the nervous system? (Linked to SLO 4.6) 

Long-answer questions 

11. Explain the mechanisms of cell fate determination, including intrinsic and extrinsic factors. 

(Linked to SLO 4.1) 

12. Analyse the role of gene expression and epigenetic regulation in cellular differentiation. 

(Linked to SLO 4.2) 

13. Evaluate the importance of tissue interactions in organ development, with examples. (Linked 

to SLO 4.3, 4.5) 

14. Discuss how master regulator genes and signalling pathways coordinate organogenesis. 

(Linked to SLO 4.6, 4.7) 



 

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

Answers to Concept Check Questions 4 

Objective questions 

Morphogens. 

Genes. 

Induction. 

Organs. 

Eye. 

Short-answer questions 

6. The process by which unspecialised cells become specialised to perform distinct functions. 

7. By selectively activating or silencing genes, producing proteins that define cell structure and 

function. 

8. Notch pathway. 

9. Tooth development. 

10. Ectoderm. 

Long-answer questions 

11. Basic response: Cell fate is determined by gene activity and signals from neighbouring cells. 

Value-added response: Intrinsic factors like gene expression combine with extrinsic cues such 

as morphogen gradients to commit cells to specific roles. 

Basic response: Gene expression activates proteins that define cell function. 

Value-added response: Epigenetic mechanisms stabilise these patterns, ensuring long-

term differentiation. 

Basic response: Tissue interactions guide organ formation. 

Value-added response: Reciprocal epithelial–mesenchymal interactions in teeth, lungs, 

and hair follicles illustrate their importance. 

Basic response: Master regulator genes activate cascades that drive organ formation. 

Value-added response: Genes such as Pax6 and Nkx2.5, combined with signalling 

pathways, coordinate organogenesis and prevent abnormalities. 

Answers to Pilot Questions 4 

Part 4.1 

The process by which unspecialised cells become specialised. 

Commitment of a cell to a specific developmental pathway. 

Morphogens. 

By activating or silencing specific genes. 

DNA methylation or histone modification. 

Part 4.2 

Induction. 
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Wnt pathway. 

Reciprocal communication between epithelial and mesenchymal tissues. 

Tooth development. 

They ensure correct timing and placement of tissues. 

Part 4.3 

The stage where germ layers give rise to organs. 

Ectoderm. 

Heart. 

Pax6. 

They provide signals needed for proper organ formation. 

References And Attributions 4 

Figures and Boxes suggested in Series 4: 

Figure 4.1 Mechanisms of cell fate determination 

Box 4.2 Role of gene expression in differentiation 

Figure 4.3 Induction and signalling pathways in tissue interactions 

Box 4.4 Examples of epithelial–mesenchymal interactions 

Figure 4.5 Formation of major organ systems from germ layers 

Box 4.6 Regulation of organ development 

AI prompt suggestions used for illustration placeholders: 

Diagrams showing morphogen gradients, signalling pathways, germ layer 

derivatives. 

Boxes summarising gene expression, epithelial–mesenchymal interactions, 

and regulation of organ development. 

Open Educational Resource (OER) search strings suggested: 

“cell fate determination morphogen gradients diagram OER” 

“gene expression role cellular differentiation OER” 

“induction signalling pathways tissue interactions diagram OER” 

“epithelial mesenchymal interactions development examples OER” 

“organogenesis germ layer derivatives diagram OER” 

“regulation of organ development genetics tissue interactions OER” 

General references (APA style): 

Gilbert, S. F. (2010). Developmental Biology. Sinauer Associates. 

Alberts, B., Johnson, A., Lewis, J., et al. (2015). Molecular Biology of the Cell. 

Garland Science. 

OER Commons. (n.d.). Resources on differentiation and organogenesis. Retrieved 

from https://www.oercommons.org 
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ZOO318 Series 5 Special Topics In Development Including 

Placentation And Parthenogenesis 

Part 5.1 Placentation 

5.1.1 Structure and function of the placenta 

5.1.2 Types of placentation in mammals 

Part 5.2 Parthenogenesis 

5.2.1 Mechanisms of parthenogenesis 

5.2.2 Occurrence and significance in animals 

Part 5.3 Comparative perspectives 

5.3.1 Evolutionary implications of placentation and parthenogenesis 

5.3.2 Applications in research and biotechnology 

 

Introduction 

In the last Series, we explored differentiation, tissue interactions, and organogenesis, focusing on 

how cells specialise and organs form. This Series turns to special topics in development that 

highlight unique reproductive strategies and adaptations. Placentation and parthenogenesis are 

fascinating processes that illustrate the diversity of developmental mechanisms across species. 

The aim of this Series is to explain the structure and function of the placenta, analyse different 

types of placentation, describe mechanisms of parthenogenesis, and evaluate their evolutionary 

and biotechnological significance. 

We shall commence this Series by examining placentation, beginning with the structure and 

function of the placenta and then considering types of placentation in mammals. Next, we will 

explore parthenogenesis, looking at its mechanisms and occurrence in animals. Finally, we will 

conclude with comparative perspectives, discussing evolutionary implications and applications in 

research and biotechnology. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

SLO 5.1 describe the structure and function of the placenta, 

SLO 5.2 explain the types of placentation in mammals, 

SLO 5.3 analyse the mechanisms of parthenogenesis, 

SLO 5.4 evaluate the occurrence and significance of parthenogenesis in animals, 

SLO 5.5 assess the evolutionary implications of placentation and parthenogenesis, and 

SLO 5.6 explain applications of these processes in research and biotechnology. 
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5.1 Placentation 

5.1.1 Structure and function of the placenta 

Placentation refers to the formation and development of the placenta, an organ that connects 

the developing embryo to the mother’s uterine wall. The placenta plays a vital role in supplying 

nutrients, oxygen, and hormones to the embryo while removing waste products. It also acts as a 

protective barrier, regulating which substances can pass between maternal and foetal blood. 

Structurally, the placenta consists of maternal tissues and embryonic tissues working together. 

The chorionic villi, which are finger-like projections from the embryo, embed into the uterine 

lining to facilitate exchange. This close association ensures efficient transport of essential 

materials for growth and development. 

 

Short description: Diagram showing placenta structure with maternal and foetal components. 

Caption: Figure 5.1 Structure of the placenta 

 

Fill in the blank: The finger-like projections from the embryo that embed into the uterine lining 

are called ______. 

5.1.2 Types of placentation in mammals 

In mammals, placentation varies depending on how maternal and foetal tissues interact. The 

main types of placentation include epitheliochorial, endotheliochorial, and haemochorial. 

Epitheliochorial placentation: Found in animals such as horses and pigs, where several 

tissue layers separate maternal and foetal blood. 
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Endotheliochorial placentation: Seen in dogs and cats, where fewer layers separate 

maternal and foetal blood, allowing closer contact. 

Haemochorial placentation: Typical of primates and rodents, where maternal blood comes 

into direct contact with chorionic villi, enabling highly efficient exchange. 

These variations reflect evolutionary adaptations to different reproductive strategies and 

environments. 

Box 5.2 Types of placentation in mammals 

 

 

Category Process / Focus Key Stages or Components 
Practical 

Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Foundations of 

reproductive biology 

and fertility studies. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Foundational 

milestones in early 

life development. 

Cellular Biology Differentiation 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, tissue 

engineering, and 

anatomy. 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity sampling 

and vector 

monitoring. 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, 

and branch/tick/snake protection. 

Fieldwork risk 

management and safe 

chemical handling. 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving 

and systematic 

research collections. 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, Scaled), 

and Antennae. 

Traditional species 

classification and 

morphological keys. 

Modern 

Technology 
Advanced ID 

Digital Imaging and DNA 

Barcoding (PCR sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: In haemochorial placentation, maternal blood comes into direct contact with 

______. 

Pilot questions 5.1 

What is placentation? 

What is the main function of the placenta? 

What are chorionic villi, and what role do they play? 

Name the three main types of placentation in mammals. 

Which type of placentation is typical of primates? 

 

5.2 Parthenogenesis 

5.2.1 Mechanisms of parthenogenesis 

Parthenogenesis is a form of reproduction in which an egg develops into an embryo without 

being fertilised by sperm. This process bypasses the usual requirement for gamete fusion and can 

occur naturally in some species or be induced artificially in research. 
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Mechanisms of parthenogenesis vary. In some cases, the egg undergoes a duplication of its 

genetic material to restore the diploid state. In others, the egg may fuse with a polar body to 

achieve the necessary chromosome number. These mechanisms ensure that the embryo has 

sufficient genetic material to develop, although genetic diversity is reduced compared to sexual 

reproduction. 

 

Short description: Diagram showing mechanisms of parthenogenesis, including chromosome 

duplication and fusion with polar body. 

Caption: Figure 5.3 Mechanisms of parthenogenesis 

 

Fill in the blank: In parthenogenesis, an egg develops into an embryo without being ______. 

5.2.2 Occurrence and significance in animals 

Parthenogenesis occurs in a variety of species, including insects, reptiles, amphibians, and some 

fish. For example, certain lizards and bees reproduce through parthenogenesis, while in other 

species it may occur only under specific environmental conditions. 

The significance of parthenogenesis lies in its role as an alternative reproductive strategy. It 

allows species to reproduce even when mates are scarce, ensuring survival in challenging 

environments. However, because offspring are genetically similar to the parent, parthenogenesis 

limits genetic variation, which may reduce adaptability over time. 

Box 5.4 Occurrence and significance of parthenogenesis 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Foundations of 

reproductive biology 

and fertility studies. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Key milestones in 

early life 

development. 

Cellular Biology Differentiation 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, anatomy, 

and tissue 

engineering. 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity 

sampling and vector 

monitoring. 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, and 

protection from 

thorns/ticks/snakes. 

Fieldwork risk 

management. 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving 

and long-term 

research. 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, Scaled), 

and Antennae. 

Traditional species 

classification keys. 

Modern Tech Advanced ID 

Digital Imaging (High-mag) and 

DNA Barcoding (PCR 

sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: Parthenogenesis reduces genetic ______ compared to sexual reproduction. 

Pilot questions 5.2 

What is parthenogenesis? 

Name one mechanism by which parthenogenesis restores the diploid state. 

Give one example of an animal group where parthenogenesis occurs. 

Why is parthenogenesis significant for survival in some species? 

What is the main limitation of parthenogenesis compared to sexual reproduction? 

 

5.3 Comparative Perspectives 

5.3.1 Evolutionary implications of placentation and parthenogenesis 

Both placentation and parthenogenesis provide fascinating insights into evolutionary strategies. 

Placentation represents a highly specialised adaptation in mammals, allowing prolonged 

nourishment and protection of the developing embryo. This strategy increases survival chances 

of offspring but requires significant maternal investment. 

Parthenogenesis, on the other hand, demonstrates an alternative route where reproduction can 

occur without males. While it reduces genetic diversity, it ensures species survival in 

environments where mates are scarce. Together, these processes highlight the balance between 

reproductive efficiency and genetic variation in evolution. 

 

Short description: Comparative diagram showing evolutionary advantages of placentation and 

parthenogenesis. 
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Caption: Figure 5.5 Evolutionary implications of placentation and parthenogenesis 

 

Fill in the blank: Placentation increases survival chances of offspring but requires significant 

______ investment. 

5.3.2 Applications in research and biotechnology 

Placentation and parthenogenesis also have important applications in research and 

biotechnology. Studies of placental function help scientists understand pregnancy complications 

such as pre-eclampsia and foetal growth restriction. Insights into placental signalling pathways 

are also used in regenerative medicine and stem cell research. 

Parthenogenesis has been explored in cloning and assisted reproduction technologies. Artificial 

induction of parthenogenesis in laboratory settings provides models for studying early embryonic 

development without fertilisation. These applications demonstrate how natural processes can 

inspire innovations in medicine and biotechnology. 

Box 5.6 Applications of placentation and parthenogenesis in research 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Developmental 

Biology 
Gametogenesis 

Male: Spermatogonia 

$\rightarrow$ Spermatocytes 

$\rightarrow$ Spermatids 

$\rightarrow$ Spermatozoa. 

 

 

 

Female: Oogonia $\rightarrow$ 

Oocytes $\rightarrow$ Polar 

Bodies $\rightarrow$ Mature 

Ovum. 

Foundations of 

reproductive biology 

and fertility studies. 

Developmental 

Biology 
Embryogenesis 

Zygote $\rightarrow$ Cleavage 

$\rightarrow$ Blastula 

$\rightarrow$ Gastrulation. 

Key milestones in 

early life 

development. 

Cellular Biology Differentiation 

Multipotent cells $\rightarrow$ 

Specialized Muscle, Nerve, and 

Skin cells. 

Histology, anatomy, 

and tissue 

engineering. 

Field 

Entomology 

Collection 

Methods 

Handpicking, Sweeping Nets, 

and Beating Trays. 

Biodiversity 

sampling and vector 

monitoring. 

Field 

Entomology 
Safety & PPE 

Respiratory protection, gloves, and 

protection from 

thorns/ticks/snakes. 

Fieldwork risk 

management. 

Specimen 

Curation 
Preservation 

Pinning (Thorax/Elytra), Wing 

Spreading (Lepidoptera), and 

Labelling. 

Museum archiving 

and long-term 

research. 
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Category Process / Focus Key Stages or Components 
Practical 

Application 

Taxonomy & ID Morphology 

Mouthparts (Siphoning, 

Lapping), Wings (Elytra, Scaled), 

and Antennae. 

Traditional species 

classification keys. 

Modern Tech Advanced ID 

Digital Imaging (High-mag) and 

DNA Barcoding (PCR 

sequencing). 

High-accuracy 

molecular and digital 

archiving. 

 

Fill in the blank: Artificial induction of parthenogenesis in laboratories provides models for 

studying early ______ development. 

Pilot questions 5.3 

What evolutionary advantage does placentation provide? 

Why is parthenogenesis considered an alternative reproductive strategy? 

Name one medical application of placental research. 

How is parthenogenesis used in biotechnology? 

What is the main limitation of parthenogenesis from an evolutionary perspective? 

 

Series Summary 

This Series explored special topics in development, focusing on placentation and 

parthenogenesis as unique reproductive strategies. We began with placentation, examining the 

structure and function of the placenta and the different types found in mammals. We then studied 

parthenogenesis, considering its mechanisms and occurrence in animals, as well as its biological 

significance. Finally, we looked at comparative perspectives, discussing evolutionary 

implications and applications in research and biotechnology. 

By completing this Series, you should now be able to describe the placenta’s structure and 

function, explain types of placentation, analyse mechanisms of parthenogenesis, evaluate its 

occurrence and significance, assess evolutionary implications, and explain applications in 

biotechnology. These outcomes align with the Series Learning Outcomes, reinforcing your 

ability to connect developmental processes with broader biological and applied contexts. 

Glossary of Terms 
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Chorionic villi: Finger-like projections from the embryo that embed into the uterine lining 

for nutrient exchange. 

Epitheliochorial placentation: Type of placentation where several tissue layers separate 

maternal and foetal blood, found in horses and pigs. 

Endotheliochorial placentation: Type of placentation with fewer separating layers, found in 

dogs and cats. 

Haemochorial placentation: Type of placentation where maternal blood directly contacts 

chorionic villi, typical of primates. 

Parthenogenesis: Reproduction in which an egg develops into an embryo without 

fertilisation. 

Placenta: An organ that connects the embryo to the mother’s uterine wall, enabling exchange 

of nutrients, gases, and wastes. 

Placentation: The formation and development of the placenta. 

Concept Check Questions 5 

Objective questions 

The finger-like projections from the embryo that embed into the uterine lining are called 

______. (Linked to SLO 5.1) 

In haemochorial placentation, maternal blood comes into direct contact with ______. (Linked 

to SLO 5.2) 

In parthenogenesis, an egg develops into an embryo without being ______. (Linked to SLO 

5.3) 

Parthenogenesis reduces genetic ______ compared to sexual reproduction. (Linked to SLO 

5.4) 

Artificial induction of parthenogenesis in laboratories provides models for studying early 

______ development. (Linked to SLO 5.6) 

Short-answer questions 

6. What is placentation? (Linked to SLO 5.1) 

7. Name the three main types of placentation in mammals. (Linked to SLO 5.2) 

8. Describe one mechanism by which parthenogenesis restores the diploid state. (Linked to SLO 

5.3) 

9. Give one example of an animal group where parthenogenesis occurs. (Linked to SLO 5.4) 

10. Why is placental research important in medicine? (Linked to SLO 5.6) 

Long-answer questions 

11. Explain the structure and function of the placenta, highlighting its role in embryonic 

development. (Linked to SLO 5.1) 

12. Analyse the evolutionary implications of different types of placentation in mammals. (Linked 

to SLO 5.2, 5.5) 

13. Evaluate the significance of parthenogenesis as a reproductive strategy, including its 

advantages and limitations. (Linked to SLO 5.3, 5.4) 

14. Discuss applications of placentation and parthenogenesis in research and biotechnology. 

(Linked to SLO 5.6) 
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Answers to Concept Check Questions 5 

Objective questions 

Chorionic villi. 

Chorionic villi. 

Fertilised. 

Variation. 

Embryonic. 

Short-answer questions 

6. The formation and development of the placenta. 

7. Epitheliochorial, endotheliochorial, haemochorial. 

8. Chromosome duplication or fusion with a polar body. 

9. Lizards or bees. 

10. It helps in understanding pregnancy complications such as pre-eclampsia and foetal growth 

restriction. 

Long-answer questions 

11. Basic response: The placenta connects the embryo to the mother, enabling nutrient and 

waste exchange. 

Value-added response: It also regulates hormone production and acts as a protective barrier, 

ensuring proper embryonic growth. 

Basic response: Different types of placentation reflect varying degrees of maternal–foetal 

contact. 

Value-added response: These adaptations balance efficiency of nutrient transfer with 

maternal investment, influencing reproductive success. 

Basic response: Parthenogenesis allows reproduction without males, ensuring survival. 

Value-added response: While advantageous in scarce environments, it reduces genetic 

diversity, limiting adaptability in the long term. 

Basic response: Placental studies aid medical research, while parthenogenesis is used in 

cloning. 

Value-added response: Applications include regenerative medicine, stem cell research, 

and models for studying embryogenesis without fertilisation. 

Answers to Pilot Questions 5 

Part 5.1 

Formation and development of the placenta. 

Supplying nutrients and oxygen, removing waste. 

Finger-like projections that embed into the uterine lining. 

Epitheliochorial, endotheliochorial, haemochorial. 

Haemochorial placentation. 
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Part 5.2 

Reproduction without fertilisation. 

Chromosome duplication or fusion with polar body. 

Insects, reptiles, amphibians, some fish. 

Enables reproduction when mates are scarce. 

Reduced genetic variation. 

Part 5.3 

Increased survival chances of offspring. 

It allows reproduction without males. 

Understanding pregnancy complications. 

Used in cloning and assisted reproduction. 

Reduced genetic diversity. 
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