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EMBRYOLOGY
Karl Ernst von Baer (father of embryology)
Development: sequence of events
Gametogenesis- Formation of gametes or sex cells.
Mating- Transfer of male gametes inside female’s body by copulation.
Fertilization- Fusion of male and female gametes to form a zygote.
Cleavage - Repeated divisions taking place in the zygote. 
Morulation- formation of solid ball of cells.
Blastulation- Formation of hollow ball of cells.
Gastrulation- Movement and rearrangement of cells.
Organogenesis- Development and differentiation of different organs from primary germ layers.
Differentiation- Growth and differentiation of form and structure.
Growth- Increase in size and weight through cell division and cell enlargement.
Mating:
During breeding season (rainy season), the croaking of male attracts the female frog. Frogs copulate in water by a sexual embrace called amplexus or pseudocopulation.
The male comes over the back of the female and firmly clasps her body by his forelimbs.
When the female sheds ova (several hundred) through her cloaca, the male deposits spermatic fluid over them and fertilization (syngamy) occurs.
Egg and types: frog has following types of egg
Mesolethical egg- contains moderate amount of yolk.
Telolecithal egg- yolk is concentrated towards vegetal pole.
the nucleus and major parts of cytoplasm is displaced towards animal pole.
Non- cleidoic egg- hard shell is absent
Eggs are larger than sperms and non-motile, spherical.
Structure: unfertilized egg
three regions can be seen, the upper animal hemisphere (pole) which is pigmented and lower white vegetal pole.
between the two hemispheres, there is a small arc with no pigment called grey crescent.
The gray crescent corresponds to the future dorsal (back) side of the embryo, while the sperm entry site corresponds to the ventral, or belly side.











Fertilization
Fertilization in frog is external, as it occurs in water.
The first polar body was already present below the vitelline membrane.
Fertillization include following steps
Formation of reception cone
Formation of fertilization membrane 3.	Maturation of ovum 4.	Fusion of gametes.
Fertilization
Cone of reception is formed towards animal pole. Allow sperm to enter, acrosome of sperm release sperm lysine to dissolve membrane of ovum
sperm penetrate membrane of ovum some fluid oozes out and get collected in perivitellenine space and it become thick and form fertilization membrane. prevent other sperm to penetrate the ovum
at first ovum is not matured. Second maturation of ovum  begins only with the entry of sperms, ovum undergo second maturation division to form mature ovum and  second polar body , ovum nucleus called female pronucleus
4. fusion of gametes
sperm nucleus become male pronucleus, it moves along penetration path and finally reach female pronucleus.
formed diploid zygote nucleus • Fusion of both nuclei is amphimixis.
Spindle shape chromosome arrange for first division i.ecleavage  of zygote.











Significance of fertilization
fusion of haploid nuclei of 2 gametes restore the diploid number of chromosomes
provide stimulus for ovum to complete its maturation
entry of sperm activate ovum to undergo cleavage.
new offspring produced by fusion receive paternal and maternal characters and develop heredity variations
Cleavage or Segmentation
2-3 hours after fertilization, the zygote begins to divide. The repeated division in the successive fashion is known as cleavage or segmentation.
Division is mitotic
The cleavage begins as a small depression at animal pole and gradually extends surrounding the zygote, dividing into two cell.
The divisions are holoblastic and complete
Cleavage
First cleavage is vertical; two celled stage
Second cleavage is also vertical but right angle to the first one; forms 4 celled stage and the formed structure is known as blastomere
Third cleavage is horizontal but above the equatorial line forming unequal size cells. The upper 4 cells toward animal pole are small and pigmented known as micromeres. The lower 4 large yolk laden cells are known as megameres or macromeres.
Fourth and fifth cleavage are also vertical forming 16 celled zygote. These division is followed by two horizontal cleavage, one toward animal pole and other toward vegetal pole, resulting in 32 celled stage.









Morula (mulberry shape stage):
As the result of repeated and irregular cleavage, ball of cells is formed known as morula stage.
One hemisphere of morula is composed of large number of small black and yolkless cells known as micromeres and other hemisphere is composed of fewer number of large white and yolk laden cells known as megameres.
Blastula stage:
The micromeres divides more rapidly than megameres which results in formation of small fluid filled cavity known as Blastocoel or segmentation cavity.
Blastocoel bearing stage is called Blastula
The floor of blastocoel is composed of layer of yolk laden megameres while the roof is composed of micromeres.
In this stage early Presumptive areas can be differentiated by staining technique.
Blastula stage:
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Blastula stage:

Blastula stage:

The entire animal pole of blastula represents the presumptive ectoderm, which is further divided into presumptive epidermis and presumptive neural plate
A small area near vegetal pole is presumptive notocord.
Close to presumptive notocord there is a grey crescent region which is the presumptive mesoderm.
The remaining vegetal region is presumptive endoderm. 












Gastrula stage:
Gastrula is the two layered embryo stage formed by migration and rearrangement of cells of blastula. The process of formation of gastrula is called gastrulation.
 (
•
)Gastrulation involves some critical changes in the blastula such as- differentiation of cells, transformation from monoblastic to diploblastic layer, formation of three primary germ layers.
defined as the dynamic process during which the major, presumptive organ-forming areas of the blastula become rearranged and reorganized in a way which permits their ready conversion into the body plan of the particular species










Gastrulation: steps
Gastrulation completes in following steps.
I. Epiboly:
In this step, micromeres at animal pole divides more repeatedly and rapidly enclosing the megameres 
this overgrowth or spreading of micromere cells is known as Epiboly.
II. Emboly or Intucking (Invagination):
In this step, small groove appears due to invagination of megameres near grey crescent region. The invagination gradually grows inward causing migration of cells.
Continue…
This groove is the beginning of archenteron and its anterior opening is called blastopore.
The blastopore is guided by anterior margin called dorsal, backward projecting 2 lateral lip and ventral lips .
3.Contraction of lips of blastopore and formation of Archenteron: contraction of lips from all side occurs so that blastopore become smaller and narrower.
The continuous inward migration of cells sometimes due to the great force, yolk cells comes out of the blastopore called yolk plug formation. 
The inward migration of cell develop archenteron cavity which slowly enlarges and reduces internal blastocoels cavity. 
Archenteron cavity is bounded by endodermal cells, in the mean time cells of the mesodermal also slowly develop, and meet with each other form complete ring of mesodermal layer. 
At the end of the glastula stage, blastopore opening constrict, formation of 3 distinctive body layers, maximum enlargement of archenteron cavity and blastocoels cavity is disappear. .
Involution:
due to increase in size of archenteron as well as formation of yolk plug, there is rapid migration of presumptive areas within the embryo. This movement of the presumptive areas is known as involution.
Iv. Rotation of gastrula: gastrulation causes shift in the center of gravity of the embryo. In the blastula stage, embryo floats with animal pole upward. But formation of archenteron causes the embryo to rotate within the vitelline membrane so that blastopore comes near the vegetal pole.
Gastrulation in frog embryos is initiated at the future dorsal side of the embryo, just below the equator in the region of gray crescent. In this region, the cells invaginate to form a slit like aperture called blastopore. 










Significance of gastrulation
Cells from different layer to form organs. 
The layers changes to from different structure (morphogenesis )
Increased metabolic activities. 
As gastrulation continues, three distinct "germ layers" are formed: 
Ectoderm 
Mesoderm 
Endoderm 









Gastrulation causes following changes-
i) blastopore is presumptive gut ii) roof of archenteron is chordamesoderm (the portion of the embryonic mesoderm that forms the notochord and related structures and induces the formation of neural structures).
iii) floor of archenteron is endoderm
Formation of three germ layer
the three layers are ectoderm, mesoderm and endoderm are known as primary germ layer.
they are also called as germinal layers because entire organs and body are derived from these layer.
Fate of germ layers
Ectoderm:
epidermis, cutaneous glands, eye lens, cornea, retina, conjunctiva, central nervous system (brain and spinal cord), pineal gland, pituitary gland, enamel of teeth etc are derived from primary ectoderm layer.
Mesoderm:
notochord, pericardium, peritoneum, muscles, skeleton, connective tissues-blood, lymph, adipose tissue, dermis of skin, visceral organs, are derived from primary mesoderm layer.
Endoderm:
epithelium of digestive tract, respiratory tracts, Eustachian tubes, gastric and intestinal glands, liver, pancreas, bile and pancreatic ducts, lining of urinary bladder are derived from primary endoderm layer.
Germ-layer origin of various body tissues
	Ectoderm
	Mesoderm
	Endoderm

	skin
	notochord
	inner lining of gut, liver, pancreas

	brain
	muscles
	inner lining of lungs

	spinal cord
	blood
	inner lining of bladder

	all other neurons
	bone
	thyroid and parathyroid glands

	sense receptors
	sex organs
	thymus


Gastrulation: Consequences
Gastrulation results in three important outcomes:
The formation of the embryonic tissues called germ layers (endoderm, ectoderm, and mesoderm).
Each germ layer will later differentiate into different tissues and organ systems.
The formation of the embryonic gut or archenteron.
Gastrulation is the beginning of morphogenesis (development of body form).
Organogenesis
the series of organized integrated processes that transforms mass of cells into a complete organ in the developing embryo.
the cells of an organ-forming region undergo differential development and movement to form an organ
is the phase of embryonic development that starts at the end of gastrulation and continues until birth
during organogenesis, the three germ layers formed from gastrulation form the internal organs of the organism.
Neurulation:
in a frog is a folding process which essentially manages the transformation of the neural plate into the neural tube.
at this particular stage the embryo is termed as a neurula.
In the primary neurulation, the neural plate creases inward until the edges come in contact and fuse.
it begins in the third week of development and continues into the fourth week.
During neurulation, the following embryonic tissues should be easily identifiable:
Three germ layers (outer = ectoderm ; middle = mesoderm ; inner = endoderm)
A hollow cavity called the archenteron (will develop into the digestive tract)
Notochord (flexible rod that stimulates neurulation)
Neural tube (developed from the infolding of the neural plate)













Neural Crest Cells:
The cells from the neural folds that come to lie between the dorsal epidermis and the dorsal part of the neural tube are the neural crest cells.
these lie along the dorso-lateral sides of the neural tube.
the neural crests give rise to melanocytes, dorsal root ganglia of spinal nerves, parts of the autonomic nervous system and adrenal glands, and to some mesenchyme cells which form the visceral arches.
Notogenesis:
notochord is developed from the mesoderm, so, it is mesodermal in origin.
the notochord cells separates off from the prechordal plate of mesoderm as a narrow rod of cells.
notochord lies parallel to and just below the neural tube. It is replaced by vertebral column later on. 
soon fluid-containing vacuoles appear in the notochordal cells .Thus, the notochord becomes round, turgid and elongated in antero-posterior axis.

Mesoderm Differentiation and Coelom:
1. Coelom is formed by mesoderm. 
2. A split occurs in the mesoderm and outer in the mesoderm and outer paritel or somatic mesoderm and an inner visceral endoderm is formed around the wall of archenteron. 
3. The cavity thus formed between the layers is called splanchnocoel (future 
coelom) 
4. Splanchnocoel extended downward below the gust to appervshaped in section. 
Mesoderm Differentiation and Coelom:
5. Visceral layer (which cover viscera or different organs) united with endoderm to form the gut wall or splanchnopleure. C. wall of oesophagus intestine rectum etc.

each somite or epimere (dorsal part of mesoderm) on either side of notochord splits into three layers:
Inner is the sclerotome or skeleton-forming tissue around the notochord
middle is the myotome whose cells differentiate to form the striated muscle fibres of the somatic muscles
outermost narrow strip is the dermatome which forms the dermis of skin.
Mesodermal layer separates into an outer somatic or parietal layer, and an inner splanchnic or visceral layer
the space between these two layers is a splanchnocoel or perivisceral coelom.
the inner visceral layer gives rise to smooth muscles of the intestine and to the blood and blood vessels
outer somatic layer with the ectoderm forms the somatopleure.

Metamorphosis (Gk., metamorphoun = to transform) is the abrupt transition from larval to adult form.
It includes morphological, anatomical, physiological and behavioural, hormonally regulated changes in the larval form to transform it into the adult form.
metamorphosis is of progressive type
it is associated with a transition from an aquatic to a terrestrial mode of life and from a herbivorous to carnivorous mode of feeding.

The metamorphosis involves numerous structural, biochemical and physiological changes. These changes include the degeneration of existing structure, construction of new structures and modification of larval structures. 
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