Lecture 12: Gastrulation in Different Animal Species and Its Mechanisms. Neurulation and Somite Formation. Concepts of Determination and Embryonic Induction

Introduction
Gastrulation is one of the most important processes in early embryonic development, transforming the simple blastula into a multilayered structure called the gastrula. This process establishes the primary germ layers (ectoderm, mesoderm, and endoderm) that give rise to all tissues and organs. After gastrulation, neurulation forms the neural tube, and somitogenesis results in the segmentation of the body into somites. Understanding these processes is critical for developmental biology. Additionally, the concepts of determination and embryonic induction explain how cells become specialized and influence their neighbors during development.

Gastrulation in Different Animal Species and Its Mechanisms
Gastrulation is the movement of cells to form the three germ layers. The process varies among species based on yolk content, cleavage patterns, and embryo morphology. However, the underlying goal is the same: to position the cells that will form specific tissues in their correct locations.
Gastrulation in Amphibians (e.g., Frogs)
· Blastula Structure: Amphibians undergo holoblastic, radial cleavage, forming a blastula with a large blastocoel and yolk-rich cells at the vegetal pole.
· Mechanism:
1. Invagination: Cells at the vegetal pole move inward, forming a structure called the blastopore, which will become the future anus.
2. Involution: Cells from the animal pole move over the edge of the blastopore and roll into the embryo's interior, forming the mesoderm and endoderm.
3. Epiboly: The outer layer of cells (future ectoderm) spreads and covers the embryo's surface.
4. Archenteron Formation: The inward movement creates a new cavity, the archenteron, which becomes the primitive gut.
· Outcome: A trilaminar embryo with three germ layers (ectoderm, mesoderm, and endoderm).
Gastrulation in Birds and Reptiles (e.g., Chickens)
· Blastula Structure: Birds and reptiles undergo meroblastic, discoidal cleavage, producing a disc-shaped blastoderm on top of a large yolk.
· Mechanism:
1. Formation of the Primitive Streak: Gastrulation begins with the formation of a linear structure called the primitive streak, which acts as a site for cell migration.
2. Ingression and Migration: Cells migrate inward through the primitive streak and differentiate into the mesoderm and endoderm. The cells remaining on the surface form the ectoderm.
3. Hensen’s Node: A structure at the anterior end of the primitive streak called Hensen’s node plays a role in organizing the body axis and inducing neural development.
· Outcome: A three-layered structure with an established body axis.
Gastrulation in Mammals (e.g., Humans)
· Blastocyst Structure: Mammals form a blastocyst with an outer layer of cells (trophoblast) and an inner cell mass (ICM). The ICM forms the embryo, while the trophoblast contributes to the placenta.
· Mechanism:
1. Formation of the Primitive Streak: Similar to birds, a primitive streak forms, through which cells migrate to establish the mesoderm and endoderm.
2. Epiblast and Hypoblast: The epiblast gives rise to all three germ layers, while the hypoblast contributes to extra-embryonic structures.
3. Ingression: Cells ingress through the primitive streak, forming the mesoderm and endoderm, while cells remaining in the epiblast form the ectoderm.
· Outcome: A trilaminar embryo with the germ layers, body axis, and early body plan established.
Gastrulation in Sea Urchins
· Blastula Structure: Sea urchins undergo holoblastic, radial cleavage and form a hollow blastula with a well-defined blastocoel.
· Mechanism:
1. Invagination: The vegetal plate at the bottom of the blastula pushes inward, forming the archenteron (the future gut).
2. Filopodia Extension: Cells extend filopodia to pull the archenteron towards the opposite side of the embryo.
3. Convergent Extension: Cells elongate and rearrange to narrow and lengthen the archenteron.
· Outcome: A simple gastrula with clearly defined germ layers.

Neurulation and Somite Formation
Neurulation
Neurulation is the process of forming the neural tube, which will give rise to the central nervous system (brain and spinal cord).
1. Formation of the Neural Plate:
· The ectoderm above the notochord (formed from the mesoderm) thickens to create the neural plate.
2. Neural Groove and Neural Folds:
· The neural plate folds inward, forming the neural groove and neural folds along its sides.
3. Closure of the Neural Tube:
· The neural folds fuse at the midline, forming the neural tube, which later differentiates into the brain (anterior) and spinal cord (posterior).
4. Neural Crest Cells:
· Cells at the edge of the neural folds break away to form neural crest cells, which migrate and form diverse structures like peripheral nerves, pigment cells, and facial cartilage.
Somite Formation
Somitogenesis is the process by which somites, blocks of mesodermal tissue, form along both sides of the neural tube. Somites are critical for the segmentation of the vertebrate body and give rise to structures such as vertebrae, muscles, and dermis.
1. Somitomeres: Early formations of loosely organized cells in the mesoderm that later condense into somites.
2. Somite Segmentation: Somites form in pairs along the length of the embryo, in a rhythmic, sequential manner from anterior to posterior.
3. Differentiation of Somites:
· Sclerotome: Forms vertebrae and ribs.
· Dermatome: Forms the dermis of the skin.
· Myotome: Forms skeletal muscles.

Concepts of Determination and Embryonic Induction
Determination
Determination is the process by which a cell’s developmental fate becomes fixed. Once a cell is determined, it will follow a specific path to differentiation, regardless of its external environment. Determination occurs in two main stages:
1. Specification: A reversible stage where a cell can develop into a specific type but can change its fate if exposed to different signals.
2. Determination: An irreversible stage where the cell commits to a specific fate.
Embryonic Induction
Embryonic induction refers to the ability of one group of cells (the inducer) to influence the fate and differentiation of nearby cells (the responders). This process is fundamental for the proper organization and patterning of tissues during development. Inductive interactions can be instructive (providing a signal that determines cell fate) or permissive (allowing cells to express their potential).
Examples of Induction:
1. Spemann’s Organizer:
· The dorsal lip of the blastopore in amphibians, known as Spemann’s organizer, induces the formation of the body axis and the nervous system. It secretes factors that influence nearby cells to form neural structures.
2. Notochord-Induced Neurulation:
· The notochord induces the overlying ectoderm to form the neural plate, initiating neurulation.
3. Limb Development:
· In limb development, mesodermal cells secrete factors that induce ectodermal cells to form specific limb structures, illustrating a complex pattern of induction.

Conclusion
Gastrulation is a crucial developmental process that varies across species, shaping the basic body plan and establishing the three primary germ layers. Following gastrulation, neurulation and somite formation further organize the embryo, giving rise to the nervous system and segmented body structures. The concepts of determination and embryonic induction explain how cells communicate and become specialized, forming the diverse tissues and organs necessary for life. These processes are key to understanding both normal development and the potential for developmental disorders.

