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YOUR MENTOR GURU

CSIR NET Life Sciences & Biotechnology —
Unit 5

Developmental Biology
Study & revision companion | Topic explanations, core facts, and active-recall questions

How to use this guide
Read each topic, explain the key mechanism in your own words, then answer the self-check prompts
without looking at the notes. Use your detailed textbook or class notes for full derivations and additional
examples.

Topic overview
1. 1. Fertilization and Early Cleavage

2. 2. Gastrulation and Germ Layers

3. 3. Embryonic Induction and Organizers

4. 4. Pattern Formation and Hox Genes

5. 5. Stem Cells and Cell Fate

6. 6. Organogenesis and Model Systems
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1. Fertilization and Early Cleavage
Fertilization restores diploidy and activates embryonic development through calcium-dependent events.

Cleavage increases cell number with little overall growth, partitioning the zygote into blastomeres.

Blastulation forms an organized embryo with a cavity in many animals; mammalian blastocysts contain
inner cell mass and trophectoderm.

Maternal determinants and early zygotic gene activation differ across model organisms.

Specification, determination and differentiation describe progressive cell-fate decisions. Morphogen
gradients can induce distinct gene-expression thresholds.

When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
an association. The central distinction to retain is: potency describes developmental potential, not the
same thing as differentiation.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.

2. Gastrulation and Germ Layers
Gastrulation rearranges cells and establishes ectoderm, mesoderm and endoderm.

Ectoderm gives rise to epidermis and nervous tissue; mesoderm to muscle, connective tissue and many
internal structures.

Endoderm contributes to the epithelial lining of the digestive and respiratory tracts and associated organs.

Cell migration, invagination, involution and epithelial–mesenchymal transitions contribute to
morphogenesis.

Gamete fusion activates development; cleavage produces many cells without equivalent embryo growth.

When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
an association. The central distinction to retain is: angiosperm double fertilization produces a zygote and
endosperm precursor.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.

3. Embryonic Induction and Organizers
The Spemann organizer can induce and pattern axial tissues in amphibian embryos.

BMP signaling generally promotes epidermal fate in certain ectodermal contexts; organizer-derived
antagonists support neural induction.

Wnt, FGF, Hedgehog and TGF-β-family signals pattern embryonic axes and tissues.

Competence determines whether a cell can respond to an inductive signal.

Cell movements establish ectoderm, mesoderm and endoderm, which give rise to different tissues.

When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
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an association. The central distinction to retain is: neural tissue derives mainly from ectoderm.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.

4. Pattern Formation and Hox Genes
Morphogen gradients produce distinct gene-expression responses at different concentration thresholds.

Hox genes encode transcription factors that specify positional identity along the anterior–posterior axis.

Colinearity can relate Hox gene order to spatial or temporal expression.

Segmentation in Drosophila uses maternal, gap, pair-rule and segment-polarity gene networks.

Maternal, gap, pair-rule and segment-polarity genes establish body pattern; homeotic genes specify
regional identity.

When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
an association. The central distinction to retain is: bicoid is an anterior morphogen in early embryos.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.

5. Stem Cells and Cell Fate
Totipotent cells can contribute to embryonic and extraembryonic lineages; pluripotent cells generate the
major embryonic lineages.

Multipotent stem cells produce a restricted range of related cell types.

Asymmetric division can maintain a stem-cell pool while producing differentiating progeny.

Transcription-factor networks and niche signals regulate potency and lineage commitment.

Organizer signaling, lens induction, limb patterning and C. elegans vulval development reveal inductive cell
interactions.

When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
an association. The central distinction to retain is: a signaling center can influence neighboring cells
without becoming those tissues.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.

6. Organogenesis and Model Systems
Neurulation forms the neural tube in vertebrate embryos; neural crest cells migrate and form diverse
derivatives.

Limb patterning involves AER-derived FGF and ZPA-associated Sonic hedgehog signaling.

Drosophila, C. elegans, zebrafish, Xenopus and mouse offer different advantages for developmental
experiments.

Lineage tracing identifies descendants of a marked cell or population over time.

Meristems maintain dividing cells; auxin patterns organs; floral homeotic genes control organ identity.
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When solving a question, distinguish the underlying mechanism from its observable outcome. Compare the
normal situation with the altered condition, and check whether the evidence supports a direct effect or only
an association. The central distinction to retain is: plant meristems support postembryonic development.

Self-check: Explain the mechanism or relationship above; identify one common misconception; predict the effect of
changing a key variable.
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Active-recall practice
1. Explain the essential principles of 1. Fertilization and Early Cleavage and give one experimental or
real-world application.

2. Explain the essential principles of 2. Gastrulation and Germ Layers and give one experimental or
real-world application.

3. Explain the essential principles of 3. Embryonic Induction and Organizers and give one experimental or
real-world application.

4. Explain the essential principles of 4. Pattern Formation and Hox Genes and give one experimental or
real-world application.

5. Explain the essential principles of 5. Stem Cells and Cell Fate and give one experimental or real-world
application.

6. Explain the essential principles of 6. Organogenesis and Model Systems and give one experimental or
real-world application.

Final revision checklist
• 1. Fertilization and Early Cleavage

• 2. Gastrulation and Germ Layers

• 3. Embryonic Induction and Organizers

• 4. Pattern Formation and Hox Genes

• 5. Stem Cells and Cell Fate

• 6. Organogenesis and Model Systems

Further study
Use the corresponding unit notes, topic-wise detailed lessons, MCQs, practice tests and full-length mock
tests on yourmentorguru.com. This compact PDF is a revision companion, not a replacement for full
syllabus textbooks.


