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II MSC BIOCHEMISTRY 

Semester : III           

 

ELECTIVE- IV - DEVELOPMENTAL BIOLOGY (P16BCE4) 

 

Inst. Hours/Week : 5                                                                               Credit : 5 

 

Objectives: 

1.To study the cellular basis of development. 

2.To elucidate the early development process of humans. 

Unit I 

Basic concepts: General concept of organisms development: Potency, commitment, 

specification, induction, competence, determination & differentiation; 

morphogenetic gradients; cell fate & cell lineages; genomic equivalence and 

cytoplasmic determinants; imprinting. General principles of cell-cell 

communication in development: cell adhesion and roles of different adhesion 

molecules, gap junctions, extracellular matrix, integrins, paracrine factors 

Unit II 

 Fertilization, development and sex determination in humans: Gametogenesis - 

Sperm & Egg formation; ultra structure of sperm and ovum, egg types, egg 

membrane. Fertilization, cleavage, Morula, Implantation, blastulation, gastrulation, 

formation of germ layers, axis formation - anterior and posterior. Sex determination 

- chromosomes and environment.  

Unit III  

Morphogenesis and organogenesis in animals: Cell aggregation and differentiation 

in Dictyostelium; axes and pattern formation in Drosophila, amphibia and chick; 

organogenesis – vulva formation in Caenorhabditis elegans; eye lens induction, limb 

development and regeneration in vertebrates; differentiation of neurons, post 
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embryonic development-larval formation, metamorphosis; environmental regulation 

of normal development; sex determination.  

Unit IV 

 Morphogenesis and organogenesis in plants: Organization of shoot and root apical 

meristem; shoot and root development; leaf development and phyllotaxy; transition 

to flowering, floral meristems and floral development in Arabidopsis and 

Antirrhinum. 

Unit V  

Implications of developmental biology: Medical implications of developmental 

biology - genetic disorders in human development, environmental assaults on human 

development, Future therapies, Environmental regulation of animal development - 

Environment as a part of normal development, Polyphenisms, plasticity and 

Learning.  

Reference Books 

 1.Developmental Biology, (Ed: 9) - Gilbert S.F. Sinauer Associates Inc. 

Massachusetts, USA, 2010. 

 2.Developmental Biology, TMH Edition, Berrill N.J, 1974.  

3.Animal Regeneration- Diwan A.P., Dhakad N.K., Anmol Publications Ltd, India, 

1996. 

 4.Developmental Biology- Browder L.W., Erickson C.A., and Jeffery W.R, 

Saunder College Publishing House, Philadelphia, USA, 1991.  

5.Genetics, 3rd edition- Strickberger, Prentice Hall of India, 2002.. 
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UNIT I 

GENERAL CONCEPTS OF ORGANISM DEVELOPMENT 

 Development is the process by which multicellular organisms arises initially 

from  a single cell. Development is progressive, i.e.simple embryo comprising few 

cell types organized in a crude pattern is gradually refined to generated complex 

organisms with many cell types showing highly detailed organization. The gradual 

developmental strategy is known as epigenesis.  

It involves 5 major overlapping processes:  

1. Growth= increase in size 

2. Cell division = increase in number 

3. Differentiation= diversification of cell types 

4. Pattern formation = Organization 

5. Morphogenesis = generation of shapes and structure 

Overview of animal development 

 Early development of animals shows series  of events. Development usually 

begins with fertilization. Immediately following fertilization, cleavage occurs. 

Cleavage is a series of extremely rapid mitotic divisions wherein the enormous 

volume of zygote cytoplasm is divided into numerous smaller cells. These cells 

are called blastomeres, and by the end of cleavage, they generally form a sphere 

known as a blastula. 

 After the rate of mitotic division has slowed down, the blastomeres undergo 

dramatic movements wherein they change their positions relative to one another. 

This series of extensive cell rearrangements is called gastrulation, and the embryo 

is said to be in the gastrula stage. As a result of gastrulation, the embryo contains 

three germ layers: the ectoderm, the endoderm, and the mesoderm. 
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 Once the three germ layers are established, the cells interact with one another 

and rearrange themselves to produce tissues and organs. This process is called 

organogenesis. Many organs contain cells from more than one germ layer, and it is 

not unusual for the outside of an organ to be derived from one layer and the inside 

from another. For example, the outer layer of skin comes from the ectoderm, while 

the inner layer (the dermis) comes from the mesoderm. Also during organogenesis, 

certain cells undergo long migrations from their place of origin to their final location. 

These migrating cells include the precursors of blood cells, lymph cells, pigment 

cells, and gametes 

 In many species a specialized portion of egg cytoplasm gives rise to cells that 

are the precursors of the gametes (the sperm and egg). The gametes and their 

precursor cells are collectively called germ cells, and they are set aside for 

reproductive function. All the other cells of the body are called somatic cells. This 

separation of somatic cells (which give rise to the individual body) and germ cells 

(which contribute to the formation of a new generation) is often one of the first 

differentiations to occur during animal development. The germ cells eventually 

migrate to the gonads, where they differentiate into gametes. The development of 

gametes, called gametogenesis, is usually not completed until the organism has 

become physically mature. At maturity, the gametes may be released and participate 

in fertilization to begin a new embryo. The adult organism eventually undergoes 

senescence and dies. 

Overview of Plant development 

 Development of plants begins with double fertilization. The male 

gametophyte (pollen grains) produces two sperm cells and a vegetative cell. When 

a pollen grain adheres to the stigma of a flower, the vegetative cell elaborates into a 
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pollen tube, which grows down through the style and penetrates on of the ovules. 

Two sperm cells migrate down the tube into the female gametophyte which is inside 

the ovule. One sperm cell fuses with the egg cell to diploid endosperm cell. The 

endosperm layer of the seed is derived from this cell, and nourishes the growing 

embryo. Fertilization is followed by a series of stereotyped cell divisions to generate 

a ball of cells called a proembryo, attached to the ovule by a suspensor. There is no 

gastrulation like stage in plants because relative cell movement is prevented by the 

rigid cell walls. Further growth and cell division produces an embryo radially into 

three principal cell layers L1, L2, L3 and organized into a series of organ forming 

regions shoot and root that give rise to all adult structures. The function of the plant 

embryo is to produce the seedling, which emerges from the seed under 

environmental conditions suitable for germination, pushing a shoot towards the 

surface of the soil and the root downwards. 
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BASIC CONCEPTS OF ORGANISM DEVELOPMENT 

 Development is a gradual process by which a complex multicellular organism 

arises from a single cell (the zygote).  

DIFFERENTIATION 

 Cell differentiation is the process by which cells become structurally and 

functionally specialized, allowing the formation of distinct cell types (e.g in the 

nervous system: different types of neurons and glial cells). 

 The structural and functional specificity of a cell depends on the proteins it 

synthesizes. Recently, emerging evidence has shown the importance of noncoding 

RNA regulation in multiple developmental processes, including cell differentiation.  

 With very few exceptions, all cells of a given organism contain the same 

genetic information (genomic equivalence). Differentiated cells are genetically 

identical but express different genes. Thus the process of differentiation involves 

the control and maintenance of differential gene expression. 

FATE AND COMMITMENT 

 The number of different cell types in the embryo increases as development 

proceeds. 

 Cell fate describes the range of cell types a particular cell can give rise to 

during normal development. 

 Cell potency describes the entire repertoire of cell types a particular cell can 

give rise in all possible environments (e.g. a cell can differentiate in an abnormal 

http://www.ncbi.nlm.nih.gov/books/NBK10000/


8 
 

way if it is experimentally grafted in an ectopic region). The potency of a cell is 

an intrinsic property and is greater than or equal to its fate. 

 The fate of a cell depends on its potency + its environment (e.g. its contact 

with other cells in the embryo). In animal development, cell fate and potency are 

progressively restricted (from totipotent to unipotent) until a cell become terminally 

differentiated (can only form a single cell type). NB. stem cells are an exception 

because they are never terminally differentiated. 

 As cell fate becomes restricted following each decision in the developmental 

hierarchy, cells are said to be committed to a certain fate. In animals commitment 

occurs in stages. 

Mechanisms of developmental commitment 

 Two main strategies are used for establishing commitment and thus initiating 

the series of events that result in cell differentiation: inheritance of cytoplasmic 

determinants and perception of external inductive signals. 

CYTOPLASMIC DETERMINANTS 

 A cell can divide to produce 2 daughter cells committed to different fates. This 

can be achieved through the asymmetric distribution of cytoplasmic factors (e.g. 

proteins and RNAs) that can influence the fate of the daughter cells. Cytoplasmic 

determinants are found in many developmental systems: this strategy is used 

frequently in early development, when maternal gene products, localized to 

particular egg regions, are asymmetrically distributed to different blastomeres during 

cleavage.  
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Asymmetric segregation of cellular determinants 

 This is based on the asymmetric localization of cytoplasmic molecules 

(usually proteins or mRNAs) within a cell before it divides. During cell division, one 

daughter cell receives most or all of the localized molecules, while the other daughter 

cell receives less (or none) of these molecules. This result in two different daughter 

cells, which then take on different cell fates based on differences in gene expression. 

The localized cytoplasmic determinants are often mRNAs encoding transcription 

factors, or the transcription factors themselves. Unequal segregation of cellular 

determinants is observed during early development of the C. elegans ) 

and Drosophila embryos.  
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INDUCTION 

 Induction is a process whereby one cell or group of cells can influence the 

developmental fate of another, and is a common strategy to control differentiation 

and pattern formation in development. Two identical cells can follow different fates 

if one is exposed to an external signal (often produced by a different cell) while the 

other is not.  

The inductive signal can be a protein or another molecule (secreted by the 

inducing cell) that interacts with a receptor on the surface of the responding cell 

(although some inductive signals pass the cell membrane and interact with cytosolic 

receptors). The signal initiates a signal transduction cascade that influences the 

activity of transcription factors and/or other proteins eventually altering the pattern 

of gene expression. Responding cells may show a single stereotyped response to the 

inductive signal, or a graded response dependent on its concentration, in which case 

it is called a morphogen* 

The response to inductive signals depends on the ability of the cell to receive 

the signal and react in an appropriate manner. This ability is called competence. The 

loss of competence (e.g. loss of cell surface receptors, signal transduction apparatus, 

or downstream target transcription factors) is one mechanism by which cells become 

irreversibly committed to a given developmental pathway. In other words the cell is 

no longer able to respond to the inductive signals. 

 

 Two types of induction can be distinguished on the basis of the choices 

available to the responding cell: instructive and permissive induction.  

 Instructive induction occurs where the responding cell has a choice of fates and 

will follow one developmental pathway following induction, and an alternative 
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pathway in absence of the inductive signals. In example, in the early Xenopus 

embryo, ectoderm will form the neural plate in presence of inductive signals from 

the notochord, but epidermis in the absence of induction.  

 Permissive induction occurs where the responding cell is already committed to a 

certain fate, and requires the inducing signal to proceed in the developmental 

pathway. 

 

 Lateral inhibition is the inhibition of a certain developmental process in one cell 

induced by signals from an adjacent cell. Lateral inhibition is a special form of 

induction which involves an initially equivalent field of cells and results in the 

differentiation of individual cells in. Given a group of cells that all have the potential 

to differentiate in the a regularly spaced pattern same way, in the undifferentiated 

state, they all signal to each other to repress differentiation.  Lateral inhibition is 

involved in different developmental processes including the control of the choice of 

neuronal progenitors in Drosophila and vertebrates. 

 

SPECIFICATION 

 In specification the developing cell is able to differentiate by autonomous 

specification and conditional specification. 

 

Autonomous Specification (Mosaic development)  

Autonomous cell fate specification is a form of embryonic specification in 

which a developing cell is able to differentiate (become a cell carrying out a 

specialised function) without receiving external signals. In this case, if a particular 

blastomere is removed from an embryo early in its development, that isolated 

blastomere will produce the same cells that it would have made if it were still part 

of the embryo Moreover, the embryo from which that cell is taken will lack those 
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cells (and only those cells) that would have been produced by the missing 

blastomere. Autonomous specification gives rise to a pattern of development 

referred to as mosaic development, since the embryo appears to be constructed like 

a tile mosaic of independent self-differentiating parts. Invertebrate embryos, 

especially those of molluscs, annelids, and tunicates, often use autonomous 

specification to determine the fate of their cells. In these embryos, morphogenetic 

determinants (certain proteins or messenger RNAs) are placed in different regions 

of the egg cytoplasm and are apportioned to the different cells as the embryo divides. 

These morphogenetic determinants specify the cell type. 

 

 

 

Autonomous specification in the early tunicate embryo, when the four 

blastomers pairs of the 8 cell embryo are dissociated each forms structures that 

it would have  formed it had  remain in the embryo. 

 

 



13 
 

Conditional Specification (Regulative development) 

      A second mode of commitment involves interactions with neighboring cells. In 

this type of specification, each cell originally has the ability to become many 

different cell types. However, the interactions of the cell with other cells restricts the 

fate of one or both of the participants. This mode of commitment is sometimes called 

conditional specification, because the fate of a cell depends upon the conditions in 

which the cell finds itself. If a blastomere is removed from an early embryo that uses 

conditional specification, the remaining embryonic cells alter their fates so that the 

roles of the missing cells can be taken over. This ability of the embryonic cells to 

change their fates to compensate for the missing parts is called regulation. The 

isolated blastomere can also give rise to a wide variety of cell types (and sometimes 

generates cell types that the cell would normally not have made if it were part of the 

embryo). Thus, conditional specification gives rise to a pattern of embryogenesis 

called regulative development. 

 

 

Conditional specification. (A) What a cell becomes depends upon its position in the embryo. Its fate is 

determined by interactions with neighboring cells. (B) If cells are removed from the embryo, the remaining 

cells can regulate and compensate for the missing part. 



14 
 

POTENCY 

Cell potency is a cell's ability to differentiate into other cell types. The more 

cell types a cell can differentiate into, the greater its potency. Potency is also 

described as the gene activation potential within a cell which like a continuum begins 

with totipotency to designate a cell with the most differentiation 

potential, pluripotency, multipotency, oligopotency and finally unipotency. Potency 

is taken from the Latin term "potens" which means "having power". 

Totipotency 

Totipotency is the ability of a single cell to divide and produce all of the 

differentiated cells in an organism. Spores and zygotes are examples of totipotent 

cells.  In the spectrum of cell potency, totipotency represents the cell with the 

greatest differentiation potential. Toti comes from the Latin totus which means 

"entirely". 

Pluripotency 

In cell biology, pluripotency (from the Latin plurimus, meaning very many, 

and potens, meaning having power) refers to a stem cell that has the potential 

to differentiate into any of the three germ layers: endoderm (interior stomach lining, 

gastrointestinal tract, the lungs), mesoderm (muscle, bone, blood, urogenital), or 

ectoderm (epidermal tissues and nervous system).  

Multipotency 

Multipotency describes progenitor cells which have the gene activation 

potential to differentiate into discrete cell types. For example, a 

multipotent blood stem cell is a hematopoietic cell—and this cell type can 

differentiate itself into several types of blood cell types 

https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Totipotency
https://en.wikipedia.org/wiki/Pluripotency
https://en.wikipedia.org/wiki/Multipotency
https://en.wikipedia.org/wiki/Oligopotency
https://en.wikipedia.org/wiki/Unipotency
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Spore
https://en.wikipedia.org/wiki/Zygote
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Germ_layers
https://en.wikipedia.org/wiki/Progenitor_cell
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Hematopoietic
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like lymphocytes, monocytes, neutrophils, etc., but cannot differentiate into brain 

cells, bone cells or other non-blood cell types. 

Multipotent cells are found in many, but not all human cell types. Multipotent 

cells have been found in cord blood, adipose tissue, cardiac cells, bone marrow, 

and mesenchymal stem cells (MSCs) which are found in the third molar. 

Oligopotency 

In biology, oligopotency is the ability of progenitor cells to differentiate into 

a few cell types. It is a degree of potency.  

Examples of oligopotent stem cells are the lymphoid or myeloid stem cells. A 

lymphoid cell specifically, can give rise to various blood cells such as B and T cells, 

however, not to a different blood cell type like a red blood cell 

Examples of progenitor cells are vascular stem cells that have the capacity to 

become both endothelial or smooth muscle cells. 

Unipotentcy 

In cell biology, a unipotent cell is the concept that one stem cell has the 

capacity to differentiate into only one cell type.  

Hepatoblasts, which differentiate into hepatocytes (which constitute most of 

the liver) or cholangiocytes (epithelial cells of the bile duct), are bipotent 

https://en.wikipedia.org/wiki/Lymphocytes
https://en.wikipedia.org/wiki/Monocytes
https://en.wikipedia.org/wiki/Neutrophils
https://en.wikipedia.org/wiki/Brain_cells
https://en.wikipedia.org/wiki/Brain_cells
https://en.wikipedia.org/wiki/Bone_cells
https://en.wikipedia.org/wiki/Cord_blood
https://en.wikipedia.org/wiki/Mesenchymal_stem_cell
https://en.wikipedia.org/wiki/Third_molar
https://en.wikipedia.org/wiki/Progenitor_cell
https://en.wikipedia.org/wiki/Cell_types
https://en.wikipedia.org/wiki/Stem_cell#Potency_definition
https://en.wikipedia.org/wiki/Endothelial
https://en.wikipedia.org/wiki/Cell_biology
https://en.wikipedia.org/wiki/Hepatocytes
https://en.wikipedia.org/wiki/Liver
https://en.wikipedia.org/wiki/Cholangiocytes
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PATTERN FORMATION 

 The process by which during development cells become organized in the 

embryo is called pattern formation. All embryos of a given species have a similar 

structure or body plan. During development each cell must differentiate according 

to its position in the embryo, so that the "correct" cell types arise in the correct place. 

In other words, cells must know where they are in relation to other cells in the 

embryo. This is achieved by giving each cells a positional value in relation to the 

principle embryonic axes. Regional specification describes any mechanism that 

tells a cell where it is in relation to other cells in the embryo, so that it can behave in 

a manner appropriate for its position. Regional specification is essential for pattern 

formation. 
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MORPHOGEN AND MORPHOGENETIC GRADIENT 

A morphogen is a substance that can influence cell fate having different 

effects at different concentrations. In its simplest model, the positional information 

along an axis can be generated by the synthesis of a morphogen at a source at one 

end of the axis, and diffusion away from the source would set up a morphogen 

gradient. Cells at different position along the axis would receive different 

concentrations of the morphogen and this would induce different patterns of gene 

expression at different concentration thresholds. Such concentration-dependent 

patterns of gene expression would represent the "address" or positional identity of 

the cell. 

 

During early development, morphogen gradients result in the differentiation 

of specific cell types in a distinct spatial order. Thus, cells far from the source of the 

morphogen will receive low levels of morphogen and express only low-threshold 

target genes. In contrast, cells close to the source of morphogen will receive high 

levels of morphogen and will express both low- and high-threshold target genes. 

Distinct cell types emerge as a consequence of the different combination of target 

gene expression. In this way, the field of cells is subdivided into different types 

according to their position relative to the source of the morphogen.  

https://en.wikipedia.org/wiki/Cell_type
https://en.wikipedia.org/wiki/Gene
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Examples 

 Proposed mammalian morphogens include retinoic acid, sonic hedgehog (SHH), 

transforming growth factor beta (TGF-β)/bone morphogenic protein (BMP), 

and Wnt/beta-catenin  

GENOMIC EQUIVALENCE 

It is the concept that each cell in the body has the same genetic material and 

therefore all the information necessary to create a complete organism. Based on the 

embryological evidence for genomic equivalence (and on bacterial models of gene 

regulation), a consensus emerged in the 1960s that cells differentiate 

through differential gene expression. The three postulates of differential gene 

expression are as follows: 

 1.Every cell nucleus contains the complete genome established in the 

fertilized egg. In molecular terms, the DNAs of all differentiated cells are identical. 

https://en.wikipedia.org/wiki/Retinoic_acid
https://en.wikipedia.org/wiki/Sonic_hedgehog
https://en.wikipedia.org/wiki/TGF-%CE%B2
https://en.wikipedia.org/wiki/Bone_morphogenic_protein
https://en.wikipedia.org/wiki/Wnt_signaling_pathway
https://en.wikipedia.org/wiki/Beta-catenin
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 2.The unused genes in differentiated cells are not destroyed or mutated, and 

they retain the potential for being expressed. 

 3. Only a small percentage of the genome is expressed in each cell, and a 

portion of the RNA synthesized in the cell is specific for that cell type. 

The theory that all cells of an organism contain an equivalent complement of 

genetic information. Genomic equivalence has been confirmed for most cells, but 

exceptions occur in some animal cells where loss, gain, or rearrangement of 

nuclear DNA has been observed 

The idea that the genes of chromosomes were differentially expressed in different 

cell types was confirmed using DNA-RNA hybridization.  

GENOMIC IMPRINTING 

 Genomic imprinting  is the epigenetic phenomenon  in which  the expression 

of genes depends on whether it is inherited  from the male or female parent. If 

the allele inherited from the father is imprinted, it is thereby silenced, and only the 

allele from the mother is expressed. If the allele from the mother is imprinted, then 

only the allele from the father is expressed. It is specific for mammals in vertebrates. 

 Forms of genomic imprinting have been demonstrated in fungi, plants and 

animals. As of 2014, there are about 150 imprinted genes known in the mouse and 

about half that in humans.  

 Genomic imprinting is an inheritance process independent of the 

classical Mendelian inheritance. It is an epigenetic process that involves DNA 

methylation and histone methylation without altering the genetic sequence. These 

epigenetic marks are established ("imprinted") in the germline (sperm or egg cells) 

https://en.wikipedia.org/wiki/Epigenetics
https://en.wikipedia.org/wiki/Allele
https://en.wikipedia.org/wiki/Mendelian_inheritance
https://en.wikipedia.org/wiki/DNA_methylation
https://en.wikipedia.org/wiki/DNA_methylation
https://en.wikipedia.org/wiki/Histone_methylation
https://en.wikipedia.org/wiki/Germline
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of the parents and are maintained through mitotic cell divisions in the somatic 

cells of an organism. 

 Appropriate imprinting of certain genes is important for normal development. 

Human diseases involving genomic imprinting include Angelman 

syndrome and Prader–Willi syndrome. 

Imprinting mechanisms 

 Imprinting is a dynamic process. It must be possible to erase and re-establish 

imprints through each generation so that genes that are imprinted in an adult may 

still be expressed in that adult's offspring. (For example, the maternal genes that 

control insulin production will be imprinted in a male but will be expressed in any 

of the male's offspring that inherit these genes.) The nature of imprinting must 

therefore be epigenetic rather than DNA sequence dependent 

 In both plants and mammals there are two major mechanisms that are involved 

in establishing the imprint; these are DNA methylation and histone modifications. 

Regulation 

 The grouping of imprinted genes within clusters allows them to share common 

regulatory elements, such as non-coding RNAs and differentially methylated 

regions (DMRs). When these regulatory elements control the imprinting of one or 

more genes, they are known as imprinting control regions (ICR). 

Functions 

 The majority of imprinted genes in mammals have been found to have roles 

in the control of embryonic growth and development, including development 

of the placenta. 

https://en.wikipedia.org/wiki/Mitosis
https://en.wikipedia.org/wiki/Somatic_cell
https://en.wikipedia.org/wiki/Somatic_cell
https://en.wikipedia.org/wiki/Angelman_syndrome
https://en.wikipedia.org/wiki/Angelman_syndrome
https://en.wikipedia.org/wiki/Prader%E2%80%93Willi_syndrome
https://en.wikipedia.org/wiki/Epigenetic
https://en.wikipedia.org/wiki/DNA_methylation
https://en.wikipedia.org/wiki/Histone
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Differentially_methylated_regions_(DMRs)
https://en.wikipedia.org/wiki/Differentially_methylated_regions_(DMRs)
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 Other imprinted genes are involved in post-natal development, with roles 

affecting suckling and metabolism 

CELL LINEAGE 

Observation of the developmental history of  cell is called cell lineage. In any 

species, a particular blastomere or a particular group of blastomeres, always give 

rise to the same type of derivatives in the adult. Thus the final result of each 

blastomere can be studied by special derivatives. 

Cell lineage can be studied in three ways. They are as follows 

1. Using vital strains 

 Cell lineage can be studied easily by marking the blastomere with vital strains. 

W.Voget (1925) devised this method for marking the blastomeres. 

 These are stains which colour the embryos without killing them. Eg. Janus 

Green, Nile blue Sulphate, Bismarck brown, Neutral red, etc.  

 The procedure consists of soaking a piece of agar with a particular vital dye 

and placing it on the surface of the embryo of the required place. Immediately, the 

dye diffuses into the  blastomeres on which the agar is placed and the cells stained. 

The dye does not diffuse to the surrounding cells descendants of the marked cells 

get stained. 

 Several such stain marks can be made on the surface of the embryo using 

different colours. 

2.Natural Markings 

 Mary eggs are provided with different colours in the cytoplasm. Many 

examples of this fact can be given both invertebrates and vertebrates. The eggs of 

frog, those of ascidian Cymthia partita and those of Dentalium are suitable examples. 
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   Example:  Egg of Ascidian 

 

 

The fertilized egg of ascidian Cynthia partita is another suitable example of 

natural markings 

 In this egg, four different types of cytoplasmic substances can be 

distinguished. The differences are due to different colours. The animal pole consists 

of the clear transparent cytoplasm. The vegetal pole is formed of slaty grey 

cytoplasm, rich in yolk and the other area is yellowish due to the presence of yellow 

granules. The clear cytoplasm gives rise to the ectoderm, the slaty grey cytoplasm 

develops into the mesoderm and the light grey cytoplasm becomes the nervous 

system and the notochord. 

3.Naming the Blastomere 

The cell lineage can be studied by naming the blastomeres with the alphabet. This 

is possible in the case of eggs exhibiting spiral cleavage. The eggs of polyclads, 

those of nemerteans, those of annelids, those of mollusks, and those of ascidians 

exhibit spiral cleavage. 
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In spiral cleavage, the eggs undergo holoblastic unequal cleavage. The first two 

cleavages are meridional at right angle to each other, resulting the formation of four 

blastomeres. They are named as A.B.C.D. Usually the blastomeres are named in the 

clockwise direction. The derivatives of each of these cells constitute a quadrant as 

they occupy one-fourth if the egg. The   third cleavage is latitudinal resulting in the 

formation of four animal pole micromeres and four vegetable pole macromeres. 

The macromeres are named as 1A, 1B, 1C, and 1D and the micromeres as 

1a,1b,1c,1d. The micromeres are known as the first quartet of micromeres. Then the 

micromeres and macromeres divide to produce sixteen cells. Likewise, subsequent 

divisions of second quartet, third quartet and fourth quartet are formed. 
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GAP JUNCTION 

Gap junction is the intercellular junction that allows passage of ions and 

smaller molecules between the cells. It is also called nexus. It is present in heart, 

basal part of epithelial cells of intestinal mucosa, etc. 

Structure of Gap Junction 

Membranes of the two adjacent cells lie very close to each other and the 

intercellular space is reduced from the usual size of 2.5 to 3 nm. Cytoplasm of the 

two cells is connected by the channels formed by the membranes of both cells. So, 

the molecules move from one cell to another cell directly through these channels, 

without having contact with extracellular fluid (ECF). Each channel consists of two 

halves. Each half belongs to one of the two adjacent cells. Each half of the channel 

is surrounded by 6 subunits of proteins which are called connexins or connexons. 

Functions of Gap Junction 

              1. Diameter of the channel in the gap junction is about 1.5 to 3 nm. So, the 

channel permits the passage of glucose, amino acids, ions and other substances, 

which have a molecular weight less than 1,000 

             2. It helps in the exchange of chemical messengers between the cells  

             3. It helps in rapid propagation of action potential fromone cell to another 

cell. 
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Regulation of the Diameter of Channels in Gap Junction 

 In the gap junctions, the diameter of each channel is regulated by the 

intracellular calcium ions. When the concentration of intracellular 

calcium ion increases, the protein subunits of connexin surrounding the 

channel come close to each other by sliding. Thus, the diameter of the 

channel decreases.  

 The diameter of the channel is also regulated by pH, electrical potential, 

hormones or neurotransmitter.  

Chemical Synapse 

Chemical synapse is the junction between a nerve fiber and a muscle fiber or 

between two nerve fibers, through which the signals are transmitted by the release 

of chemical transmitter 

Anchoring Junctions 

 Anchoring junctions are the junctions, which provide strength to the cells by 

acting like mechanical attachments, i.e. these junctions provide firm structural 

attachment between two cells or between a cell and the extracellular matrix.   

 Anchoring junctions are responsible for the structural integrity of the tissues 

and are present in the tissues like heart muscle and epidermis of skin, which 

are subjected to severe mechanical stress. The firm attachment between two 

cells or between a cell and the extracellular matrix is provided by either actin 

filaments or the intermediate filaments. 

 Depending upon this, anchoring junctions are classified into four types: 

                   1. Actin filament attachment 

                          i. Adherens junction (cell to cell) 

                         ii. Focal adhesion (cell to matrix) 
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                  2. Intermediate filament attachment 

                         i. Desmosome (cell to cell) 

                        ii. Hemidesmosome (cell to matrix) 

Function 

Gap junctions may be seen to function at the simplest level as a direct cell to cell 

pathway for electrical currents, small molecules and ions.  

Embryonic, organ and tissue development 

 Embryos with areas of blocked gap junctions failed to develop normally. The 

mechanism by which antibodies blocked the gap junctions was unclear but 

systematic studies were undertaken to elucidate the mechanism 

 Refinement of these studies showed that gap junctions appeared to be key to 

development of cell polarity 

 Gap junctions were also found to be responsible for the transmission of signals 

required for drugs to have an effect   and conversely some drugs were shown 

to block gap junction channels 

 EXTRACELLULAR MATRIX COMPONENTS (ECM) 

 Extracellular matrix (ECM) is a collection of extracellular molecules secreted 

by cells that provides structural and biochemical support to the surrounding 

cells.   

 Because multi cellularity evolved independently in different multicellular 

lineages, the composition of ECM varies between multicellular structures; 

however, cell adhesion, cell-to-cell communication and differentiation are 

common functions of the ECM. 

https://en.wikipedia.org/wiki/Matrix_(biology)
https://en.wikipedia.org/wiki/Extracellular
https://en.wikipedia.org/wiki/Multicellular_organism
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 Due to its diverse nature and composition, the ECM can serve many functions, 

such as providing support, segregating tissues from one another, and 

regulating intercellular communication.  

 The extracellular matrix regulates a cell's dynamic behavior. In addition, it 

sequesters a wide range of cellular growth factors and acts as a local store for 

them 

Molecular Components 

 Components of the ECM are produced intracellularly by resident cells and 

secreted into the ECM via exocytosis 

  Once secreted, they then aggregate with the existing matrix. The ECM is 

composed of an interlocking mesh of fibrous proteins 

and glycosaminoglycans (GAGs). 

Proteoglycans 

 Glycosaminoglycans (GAGs) are carbohydrate polymers and are usually 

attached to extracellular matrix proteins . 

  Proteoglycans have a net negative charge that attracts positively charged 

sodium ions (Na+), which attracts water molecules via osmosis, keeping the 

ECM and resident cells hydrated.  

 Proteoglycans may also help to trap and store growth factors within the ECM. 

Collagen 

 Collagens are the most abundant protein in the ECM. In fact, collagen is the 

most abundant protein in the human body and accounts for 90% of bone  

 matrix protein content. 

https://en.wikipedia.org/wiki/Growth_factor
https://en.wikipedia.org/wiki/Exocytosis
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Glycosaminoglycan
https://en.wikipedia.org/wiki/Glycosaminoglycan
https://en.wikipedia.org/wiki/Carbohydrate
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Growth_factors
https://en.wikipedia.org/wiki/Collagen
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  Collagens are present in the ECM as fibrillar proteins and give structural 

support to resident cells. Collagen is exocytosed in precursor form 

(procollagen), which is then cleaved by procollagen proteases to allow 

extracellular assembly.  

 The collagen can be divided into several families according to the types of 

structure they form: 

o     Fibrillar (Type I, II, III, V, XI) 

o    Facit (Type IX, XII, XIV) 

o    Short chain (Type VIII, X) 

o    Basement membrane (Type IV) 

o    Other (Type VI, VII, XIII) 

Elastin 

 Elastins, in contrast to collagens, give elasticity to tissues, allowing them to 

stretch when needed and then return to their original state.  

 This is useful in blood vessels, the lungs, in skin, and the ligamentum nuchae, 

and these tissues contain high amounts of elastins.  

 Elastins are synthesized by fibroblasts and smooth muscle cells. 

Others 

Fibronectin 

 Fibronectins are glycoproteins that connect cells with collagen fibers in the 

ECM, allowing cells to move through the ECM. 

  Fibronectins bind collagen and cell-surface integrins, causing a 

reorganization of the cell's cytoskeleton to facilitate cell movement. 

https://en.wikipedia.org/wiki/Precursor_(chemistry)
https://en.wikipedia.org/wiki/Procollagen
https://en.wikipedia.org/wiki/Protease
https://en.wikipedia.org/wiki/Elastin
https://en.wikipedia.org/wiki/Blood_vessels
https://en.wikipedia.org/wiki/Lungs
https://en.wikipedia.org/wiki/Skin
https://en.wikipedia.org/wiki/Ligamentum_nuchae
https://en.wikipedia.org/wiki/Fibroblast
https://en.wikipedia.org/wiki/Smooth_muscle
https://en.wikipedia.org/wiki/Fibronectin
https://en.wikipedia.org/wiki/Glycoproteins
https://en.wikipedia.org/wiki/Integrin
https://en.wikipedia.org/wiki/Cytoskeleton
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 Fibronectins also help at the site of tissue injury by binding 

to platelets during blood clotting and facilitating cell movement to the 

affected area during wound healing. 

Laminin 

 Laminins are proteins found in the basal laminae of virtually all animals. 

Rather than forming collagen-like fibers, laminins form networks of web-like 

structures that resist tensile forces in the basal lamina.  

 They also assist in cell adhesion. Laminins bind other ECM components such 

as collagens and nidogens. 

Mechanical properties of the ECM 

Stiffness and elasticity 

 The ECM can exist in varying degrees of stiffness and elasticity, from soft 

brain tissues to hard bone tissues. The elasticity of the ECM to play an 

influential role in regulating numerous cell functions. 

 This plays an important role because it helps regulate many important cellular 

processes including cellular contraction, cell migration, cell 

proliferation, differentiation[ and cell death (apoptosis) Inhibition of 

nonmuscle myosin II blocks most of these effects 

Effect on gene expression 

 Differing mechanical properties in ECM exert effects on both cell behaviour 

and gene expression.  

Effect on differentiation 

 ECM elasticity can direct cellular differentiation, the process by which a cell 

changes from one cell type to another. In particular, naive mesenchymal stem 

https://en.wikipedia.org/wiki/Platelet
https://en.wikipedia.org/wiki/Blood_clotting
https://en.wikipedia.org/wiki/Laminin
https://en.wikipedia.org/wiki/Basal_lamina
https://en.wikipedia.org/wiki/Nidogen
https://en.wikipedia.org/wiki/Stiffness
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Cell_migration
https://en.wikipedia.org/wiki/Cell_proliferation
https://en.wikipedia.org/wiki/Cell_proliferation
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Myosin_II
https://en.wikipedia.org/wiki/Gene_expression
https://en.wikipedia.org/wiki/Cellular_differentiation
https://en.wikipedia.org/wiki/Mesenchymal_stem_cells
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cells (MSCs) have been shown to specify lineage and commit to phenotypes 

with extreme sensitivity to tissue-level elasticity.  

 MSCs placed on soft matrices that mimic brain differentiate into neuron-like 

cells, showing similar shape, RNAi profiles, cytoskeletal markers, 

and transcription factor levels.  

Durotaxis 

 Stiffness and elasticity also guide cell migration, this process is 

called durotaxis. The term was coined by Lo CM and colleagues when they 

discovered the tendency of single cells to migrate up rigidity gradients 

(towards more stiff substrates) and has been extensively studied since.  

PARACRINE FACTORS 

The diffusible proteins(Inducer) responsible for paracrine signalling are called as 

paracrine factors or growth and differentiation factors(GDFs), acting as ligands. 

Paracrine Families 

Paracrine factors are secreted into the immediate spaces around the cell.  

■ Paracrine factors function by binding to a receptor that initiates a series of 

enzymatic reactions within the cell. 

 ■ Paracrine factors act by signal transduction pathways either by activating a 

pathway directly or by blocking the activity of an inhibitor of a pathway ( inhibiting 

an inhibitor, as is the case with hedgehog signalling). 

https://en.wikipedia.org/wiki/Mesenchymal_stem_cells
https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Transcription_factor
https://en.wikipedia.org/wiki/Cell_migration
https://en.wikipedia.org/wiki/Durotaxis
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The four groups of GDFs include:  

  1. Fibroblast growth factor (FGF) family  

  2. The hedgehog family  

  3. TheWnt (Wingless) family  

  4. Transforming growth factor- β (TGF-β) families 

Fibroblast growth factor (FGF) 

 The fibroblast growth factor (FGF) family currently has over a dozen 

structurally related members. FGF1 is also known as acidic FGF; FGF2 is 

sometimes called basic FGF; and FGF7 sometimes goes by the name of 

keratinocyte growth factor. FGFs can activate a set of receptor tyrosine 

kinases called the fibroblast growth factor receptors (FGFRs). When the 

FGF receptor binds an FGF (and only when it binds an FGF), the dormant 

kinase is activated, and it phosphorylates certain proteins within the 

responding cell. The proteins are now activated and can perform new 

functions. 

 FGFs are associated with several developmental functions, including 

angiogenesis (blood vessel formation), mesoderm formation, and axon 

extension.  
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Hedgehog family 

 The Hedgehog proteins constitute a family of paracrine factors that are often 

used by the embryo to induce particular cell types and to create boundaries 

between tissues. Vertebrates have at least three homologues of the 

Drosophila hedgehog gene: sonic hedgehog (shh), desert hedgehog (dhh), 

and indian hedgehog (ihh).  

 Desert hedgehog is expressed in the Sertoli cells of the testes, and mice 

homozygous for a null allele of dhh exhibit defective spermatogenesis. Indian 

hedgehog is expressed in the gut and in cartilage and is important in postnatal 

bone growth  

Wnt family 

 The Wnts constitute a family of cysteine-rich glycoproteins. There are at least 

15 members of this family in vertebrates. Their name comes from fusing the 

name of the Drosophila segment polarity gene wingless with the name of one 

of its vertebrate homologues, integrated.  

 Wnt proteins also are critical in establishing the polarity of insect and 

vertebrate limbs, and they are used in several steps of urogenital system 

development 

TGF- β superfamily 

 There are over 30 structurally related members of the TGF-b 

superfamily,‡ and they regulate some of the most important interactions in 

development. The proteins encoded by TGF-β superfamily genes are 

processed such that the carboxy-terminal region contains the mature peptide 

https://www.ncbi.nlm.nih.gov/books/NBK10071/
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 The TGF-β superfamily includes the TGF-β family, the activin family, the 

bone morphogenetic proteins (BMPs), the Vg1 family, and other proteins, 

including glial-derived neurotrophic factor (necessary for kidney and enteric 

neuron differentiation) and Müllerian inhibitory factor (which is involved in 

mammalian sex determination). 

CELL ADHESION MOLECULES 

Cell adhesion molecules (CAMs) are a subset of cell adhesion proteins 

located on the cell surface involved in binding with other cells or with the 

extracellular matrix (ECM) in the process called cell adhesion. In essence, cell 

adhesion molecules help cells stick to each other and to their surroundings. Cell 

adhesion is a crucial component in maintaining tissue structure and function. In fully 

developed animals, these molecules play an integral role in creating force and 

movement and consequently ensure that organs are able to execute their functions. 

In addition to serving as "molecular glue", cell adhesion is important in affecting 

cellular mechanisms of growth, contact inhibition, and apoptosis. 

Different types of adhesion molecules exist to do different tasks. All cell adhesion 

molecules spend some time at the cell surface. All act by binding to particular ligands 

- these ligands may be:•homophilic (i.e. adhesion molecules bind themselves on 

another cellsurface) or,•heterophilic (i.e. bind to a molecule of a different structure). 

Main adhesion molecule families are: 

•Cadherins 

•Integrins 

•IgCAMs (Immunoglobulin superfamily members) 

•Selectins 

 

https://en.wikipedia.org/wiki/Cell_adhesion
https://en.wikipedia.org/wiki/Molecular_binding
https://en.wikipedia.org/wiki/Extracellular_matrix
https://en.wikipedia.org/wiki/Cell_adhesion
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Integrins:  

Involved in cell-extracellular matrix adhesion and cell-cell adhesion. 

Structure:  

 Heterodimer consisting of two transmembrane glycoprotein subunits (α 

andβ), which are non-covalently bound.Functional integrins always have: one 

α subunitand one β subunit. 

 •Both subunits contribute to ligand binding. About 18 α subunits and 8 β 

subunits have been identified, giving ~24 unique integrins.→ A large number 

of possible specificities. 

 •Ligand binding is divalent cation dependent (Ca++, Mg++ and 

Mn++)•Common ligands are: the ECM proteins fibronectin, vitronectin, 

collagen and laminin (recognised by multiple integrins) or members of the Ig 

superfamily. 
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Function 

Integrins are the principal receptors used by animal cells to bind to the 

extracellular matrix. They are heterodimers and function as transmembrane linkers 

between the extracellular matrix and the actin cytoskeleton 

Reference Book 

1. Instant Notes on Developmental Biology – R.M. Twyman 
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