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Embryonic development of amphioxus

- General shape:

Amphioxus (lancelet) has a shape resembling a spear or arrow; hence the name. It is also characterized by being compressed on the sides and pointed at the ends. It is 5-7 cm long, and its notochord extends along the length of the animal’s body. From an evolutionary perspective, it serves as a link between invertebrates and vertebrates. It lacks a brain but possesses nerve ganglia, a heart, and blood cells (characteristics of invertebrates) while it possesses a notochord and nerve cord (characteristics of vertebrates). Its embryonic structure is simple and can be used in laboratory experiments related to embryological studies. Its classification is as follows:

Kingdom: Animalia

Phylum: Chordata

Subphylum: Cephalochordata
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- Reproduction:

The sexes are separate (male and female), and they cannot be distinguished except through anatomical study of both sexes. This is because the gonads (shaped like segments, with 28 pairs on each side) have a similar external appearance in both sexes. Each gonad is a closed sac containing sperm in males or eggs in females. The epithelial layer surrounding the gonads ruptures in the spring or early summer (the mating season). Upon sexual maturity, the resulting gametes (sperm or eggs) are released into the cloaca, from which they exit the body through the opening of the cloaca and are released into the aquatic environment, where the eggs are fertilized externally by spermatozoa.

––––––––
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- Sperms:

1. The head is oval-shaped.

2. The midpiece is very short.

3. The tail is long.

––––––––
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- Ova:

The ovum, within the ovary, is approximately 0.10–0.18 mm in diameter. It is small and has a large, eccentric nucleus located near the animal pole, surrounded by cytoplasm. The ovum is enclosed by the yolk membrane, beneath which lies a thin layer of cytoplasm devoid of yolk and containing a large number of granular mitochondria. The lancelet egg is considered homolecithal according to the distribution of yolk because the yolk is concentrated more in the vegetative pole than the animal pole, since the animal pole contains the egg nucleus. These eggs can also be considered oligolecithal according to the amount of yolk. A first polar body is located outside the egg near the animal pole.

––––––––
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- Fertilization:

The process of the union of the sperm and egg nuclei is called fertilization. The egg is fertilized in water. The sperm enters the egg near the vegetative pole, stimulating the secondary egg cell to complete its maturation and release the second polar body. This second polar body is located near the animal pole and within the vitelline membrane. A fertilization membrane forms upon contact between the sperm and the egg and remains separated from it by the perivitelline space, which fills with fluid that appears to filter from the cortical cytoplasm of the egg. The primary nuclei of the male and female embryos unite above the equator of the egg and near the animal pole. The chromosomes of both nuclei are arranged between the two male centrioles, and the entire cell is then called a fertilized egg (zygote). 
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- Cleavage: This is a complete and equal division (holoblastic).

1- First division: This division follows a longitudinal groove that passes through both poles and completely divides the fertilized egg into two cells. Therefore, the first division is vertical.

2- Second division: This division is perpendicular to the first division and extends from the animal pole to the vegetative pole, producing four equal clefts.

3- Third division: This division is transverse, parallel to the first two divisions, but closer to the animal pole because vitiligo is more dominant in the vegetative pole than in the animal pole. Thus, eight small cells called micromeres are formed, while the other four cells are larger and located near the vegetative pole; these are called macromeres.

4- Fourth cleavage: This occurs in two vertical (longitudinal) planes, producing sixteen cells.

5- Fifth cleavage: This occurs in two horizontal planes, producing thirty-two cells.

6- Sixth cleavage: This occurs longitudinally, producing sixty-four cells. This is followed by several irregular fissures, resulting in a mass of cells resembling a mulberry or morula period, but the cells at the vegetative pole remain larger than those at the animal pole.

- Blastulation:

Some gelatin-like material gathers the aforementioned mass of cells during the third cleavage. A small opening form between the cleavages of this period, initially opening outwards at the poles. In later periods, this opening increases in size, its openings close, and the gelatinous material becomes liquid due to water absorption, forming a distinct cavity called the blastocoel. The blastocoel is located at the center of the cluster of cleavages surrounding it. This hollow sphere, composed of more than 800 cells, is now called the blastula. The layer of surrounding cells, arranged in a single row around the blastocoel, is called the blastoderm. The characteristics that can be traced in these cleavages formed during this period are prominent in their size and shape. The cells of the vegetative pole are large, possibly because their increased yolk content slows their division compared to cells with less yolk. These cells are located above and around the vegetative pole of the blastula. The cells of the animal pole are characterized by clear cytoplasm, a columnar shape, and a compact epithelial tissue. The cells of the basal cytoplasm region are small, arguably the smallest and least compact cells in the blastula, and their outer surfaces are prominent in the early periods of cleavage.
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- The fate map:

The determination of the fate map begins in very early periods, according to the following details:

1) Before fertilization (the unfertilized egg): 

a) The cytoplasm near the vegetative pole contains the largest amount of yolk, although the yolk present is not abundant. This pole corresponds to the post-dorsal part of the embryo.

b) The cytoplasm in the animal pole of the egg contains a smaller amount of yolk and is transparent. This pole corresponds to the antero-ventral part of the future embryo.

c) The cytoplasm in the region opposite the marginal zone contains a small amount of yolk, but it differs from that in the animal pole in its strong susceptibility to basic staining. After the rupture of the germ vesicle in the animal pole, the contents of this region flow downwards towards the vegetative pole, forming a dense, crescent-shaped area. The ends of this crescent extend around the sides of the egg and along its equator, and they partially encircle the yolk zone, thus making the egg bilaterally symmetrical with respect to its axis. This crescent-shaped region defines the posterior end of the embryo.

It has been established that the different cytoplasmic regions of the egg give rise to specific structures in the embryo. If one of these regions is damaged or removed, the embryo will develop without these structures. These different cytoplasmic regions are called organ-forming substances.

2) Immediately after fertilization (cleavage): 

These substances are distributed systematically across the blastomeres, which in turn are distributed across the specific regions of the embryo's body. It should be noted that the clear cytoplasm at the animal pole will become the ectoderm, while the yolk cytoplasm will become the endoderm, and the crescent with granular cytoplasm will become the mesoderm.

3) The blastula period: 

This period is when the fate map becomes completely clear and can be accurately mapped. At this period, scientists can use biological stains to track cells and determine the fate of each region:

- The animal pole: forms the ectoderm. 

- The equatorial region: forms the mesoderm and notochord.

- The vegetative pole: forms the endoderm.
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- Gastrulation:

This occurs as a result of various cellular movements, namely: encapsulation, invagination, and folding. This period includes two main phases:

A- Flattening: The dermal cells in the vegetative hemisphere begin to flatten.

B- Invasion: The flattened cells gradually move and fold inward, forming a new cavity known as the gastrocoel (archenteron). The side of the vegetative pole contains an opening known as the mouth opening, and its edges are called lips. These lips are characterized by the following: the dorsal lip, the ventral lip, and the lateral lip. As a result of involution, the cells of the vegetative pole move inward, and the inward swelling of the cells continues. Thus, the embryo consists of two layers:

A. An outer layer, the ectoderm (epidermis), forms epidermal cells and the future nervous system.

B. An inner layer, the endoderm, forms the future intestinal cells.

Note that these two layers remain separated by a distance representing the remnants of the blastula. The edge of the concave shape contains the cells of the future notochord and the region of the future mesoderm, which protrude inward to occupy a position in the inner wall of this structure. The embryo elongates, that is, it transforms from a spherical shape in the blastula period to an oval shape at the end of the gastrulation. The embryo elongates, and both the outer and inner layers participate in this elongation. The anterior-posterior axis of the embryo is determined upon completion of gastrulation, replacing the animal and vegetative poles. The blastocyst's location determines the posterior aspect of the embryo, while the opposite location determines the anterior aspect.
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- Mechanism of organogenesis:

The next step after the contraction of the mesodermal ridge is the elongation of the embryo through the elongation of the neuroectoderm and notochord. As elongation increases, the primitive gut lengthens, and the notochord becomes a dorsally extended cellular band flanked laterally by two mesodermal cell bands. Thus, the embryo enters the organogenesis period. After the germ layers have taken their positions within and on the surface of the gastrulation, the second step occurs, which involves the separation of these layers into different cellular masses called organoids because they are not final structures. Subsequent periods of development include the formation and specialization of the following structures:

1) Nervous system:

The cells that will form the nervous system separate from the future epidermis of the ectoderm (the mid-dorsal region of the ectoderm), forming a longitudinal plate called the neural plate. This plate dips slightly below the level of the ectoderm, and this dip deepens gradually to form the neural groove. The two edges of the neural plate rise and are called neural folds. These folds grow towards each other and then fuse to form two components: the neural tube, which will surround a longitudinal canal called the neural canal, or the neural tube, which will form the central canal of the spinal cord in the adult animal, which at this complex embryonic period is called the embryo.
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2) Notochord:

The notochord originates from a narrow bundle of cells located in the mid-dorsal region of the endoderm called notochord cells. These cells form a groove that extends downwards into the primitive intestine and is called the notochord groove. As the embryo elongates, the notochord also elongates. When the primary intestinal pouch forms, the notochord groove closes, forming the notochord rod.

––––––––
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3) Mesoderm:

When the neural plate transforms into the neural tube, the dorsal sides of the primitive gut protrude, forming grooves on the right and left sides. Their cavities connect to the lumen of the primitive gut and are lined with small cells. These pockets are the origin of the mesoderm, specifically the somatic segments. The spaces within these pockets remain connected to the lumen of the primitive gut briefly, then separate to form hollow cell masses. These cavities appear only in the first and second somatic segments. Subsequently, they become solid cell masses and then form their own cavities as a result of the breakdown of their mesenchymal cells. The dorsal parts of the mesoderm, or somatic segments, retain their cavities and then begin to differentiate into:

A.) Muscular segment: The inner wall of the cavity thickens, and future muscles develop.

B.) Cutaneous segment: The outer wall remains thin, and the future epidermis (the connective tissue beneath the epidermis) protrudes from it. 

C.) The hard segment: The ventral part of the mesoderm is the hard segment from which the sheath surrounding the notochord and other supporting tissues will develop. The mesodermal cells located beneath the ectoderm are called somatic or parietal mesoderm. The cells adjacent to the endoderm are called visceral mesoderm, and both parietal and visceral mesoderm are collectively called lateral mesoderm.

4) The intestine (digestive tract): 

After the notochord completely separates from the endoderm, the two ends of the endoderm grow laterally toward the dorsal midline until they meet, forming the intestine. The intestine originates from the endoderm as two lateral processes resembling a pair of pouches in the primitive intestine. The left process remains small, but after separating from the intestine, it opens to form the preorbital fossa, while the right process separates from the intestine and extends forward to form the [image: ]preorbital cavity into which the mouth will later open.

- Hatching period:

The embryo emerges from the egg membrane towards the end of embryonic development. At this period, its body is covered in cilia that help it swim on the sea surface. This embryo is called a larva, and it is unable to feed because its mouth and anus are closed. After the larva emerges into the sea, it undergoes several changes. It is called the early larva and undergoes several transformations. After hatching, the larva undergoes metamorphosis in the water, which includes:

1- Morphological and structural changes.

2- A change in lifestyle, transitioning from free swimming in the water to burrowing into the sand on the coast.

3- A change in nutrition from filter feeding to feeding on plankton.
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