Exercise 5: Early Development of Vertebrates
The 18-hour Chick Embryo and Models of Frog Development
Student Learning Objectives.
1. Students will extend their investigation of the early stages of development beyond fertilization of the egg and into the formation of the blastula and gastrula stage embryos.

2. Students will observe early embryonic development in the 18-hour chick embryo.
3. Students will compare these processes between various invertebrates and vertebrates.
Introduction
1. Chick Development Stages.  

The developing chick spends about 21 days in the shell between egg laying and hatching.  The embryo is a blastula at the time of laying. After the egg is laid, development stops until the temperature of the eggs is raised to 40 C (100 F).  This temperature is reached when the hen sits on her eggs. In the laboratory, the incubator takes her place.  Developing eggs must be turned every 4 or 5 hours, and a mechanical egg turner substitutes for the hen.

Many of the developmental changes in the chick embryo during its first 96 hours (after incubation begins) are almost identical with the events occurring in other vertebrates including mammals.  By the end of the fourth day of incubation, the embryo has all organs in miniaturized form.  At this stage, the chick embryo is nearly indistinguishable from the mammal embryo at a similar stage.  After the fourth day, the characteristics specific to an avian begin to appear. 

In 1951, Hamburger and Hamilton established a standard table of stages of chick development.  We will use a version of the HH staging table in this lab.  A staging table divides embryonic development based on observable features. The time (age) at each stage is an average among many embryos since the timing of development is variable.  A key feature of staging is the regular (clocklike) addition of somites to the embryo in an anterior-posterior sequence.

2. Chick Gastrulation. 

The primitive streak is the major structural characteristic of reptile, bird and mammal gastrulation. The streak begins to form at the posterior end of the epiblast (the outer layer of blastomeres). As the primitive streak enlarges anteriorly a depression, the primitive groove, forms within it. The anterior end of the streak is thicker and deeper than the remainder of the streak. This thick area is called the primitive knot or Hensen's node. The depression in this area is called the primitive pit. From the epiblast the endoderm and mesoderm ingress through the primitive groove or primitive pit. 

Endoderm Formation. The first cells which ingress are the prospective endodermal cells. As the endodermal cells enter the blastocoel, they migrate anteriorly and laterally. The migrating endoderm pushes the hypoblast out of the way, and forms the deepest layer of the embryo. The cells destined to become the pharyngeal endoderm ingress through the primitive knot.

Mesoderm Formation. The second wave of ingressing cells forms the mesoderm layer. These mesodermal cells spread between the endoderm and the overlying epiblast. As the mesoderm is ingressing, the primitive streak has reached its maximum length. The prospective mesoderm which enters the primitive knot moves anteriorly to form the head process. The head process forms head mesenchyme and the anterior end of the notochord.  Posteriorly to the primitive knot the ingressing mesoderm spreads laterally and anteriorly.

Regression of the Primitive Streak. While mesodermal ingression continues, the primitive streak starts to regress. The primitive knot moves posteriorly. As the knot moves posteriorly, the notochord is laid down, starting at the level of the future  mesencephalon and moving toward the anal region. As a consequence, the embryo exhibits a distinct anterior-posterior gradient of developmental maturity. As the cells at the anterior end of the embryo are forming organs, cells at the posterior portion of the embryo are continuing to ingress. 

Ectoderm Formation. As the prospective endoderm and mesoderm enter the primitive streak, the ectoderm spreads to cover the vacated area on the surface of the embryo.

As cleavage continues a hollow central cavity, the blastocoel, forms within the embryo. This embryonic stage is called the blastula. In the late blastula cells at the vegetal pole elongate and thicken, forming the vegetal plate.  Gastrulation begins as the cells at the vegetal pole bend inward (invaginate) and begin to form the archenteron, the primitive gut. These invaginating cells will form the endoderm and mesoderm. At the anterior end of the archenteron groups of cells expand laterally into two pouchlike structures, the coelomic vesicles. These vesicles are mesoderm tissue which will give rise to the lining of the coelom (body cavity), parts of the skeleton, and the muscular system.  The space inside the vesicles is the origin of the coelom. The vesicles will detach from the archenteron as development proceeds.  The archenteron undergoes rapid extension toward the animal pole. A group of cells, the secondary mesenchyme cells, separate from the archenteron, attach to target areas of the ectoderm, and then reattach to the archenteron and guide it to the area of the ectoderm destined to be the mouth. The surface cells of the embryo spread outward and downward toward the blastopore forming the ectoderm.  A bipinnaria larva, with a complete gut, mouth, stomach, intestine and anus, forms from the gastrula.
3. Other Model Organisms for Comparison
Frog Cleavage and Blastulation. The frog cleavage is holoblastic, meaning that the cleavage furrows pass through the entire ovum. The first three cell divisions are highly synchronous and closely timed. The first occurs at approximately two and one half hours after fertilization and is meridional. The second occurs at approximately three and one half hours after fertilization and is also meridional. The third cleavage occurs approximately thirty minutes later and is horizontal. The horizontal cleavage furrow is displaced toward the animal pole due to the large amount of yolk in the ovum and produces smaller blastomeres in the animal hemisphere than in the vegetal hemisphere. These cells are called micromeres and macromeres, respectively. Continued cleavage events and cavitation produce the blastula at approximately sixteen hours after fertilization.
Frog Gastrulation. The formation of the blastopore, and its associated blastoporal lips on the dorsal, lateral and ventral sides, marks the beginning of gastrulation. The blastopore begins to form just below the gray crescent.  In the frog the opening of the blastopore is filled with a condensed yolk plug. The blastomeres surrounding the blastocoel begin to move, migrate through the blastopore and form the internal cell layers of the endoderm and the mesoderm. The blastomeres that do not migrate into the blastocoel will form the ectodermal cell layer. The frog is a deuterostome, meaning that the blastopore will form the anal end of the archenteron.

Procedure

A.  The 18-hour chick embryo


1. Preparation of live embryos for viewing

a. Removal of the embryo from the chicken egg 

1. Get a fertilized egg from the incubator and take it to your bench

2. Very gently roll the egg to free the internal membranes from the inside of the shell

3. Wait a moment for the air space to re-establish at the very top of the horizontal egg

4. Use your small scissors to gently tap on the top of the egg until a small crack appears

5. Place the egg in your large petrie dish and cut around the egg shell – be careful to cut only shell!

6. Continue to cut until the yolk comes free into the dish



b. Removal of the embryo from the yolk

1. Find the small, red, shield-shaped region on the yolk

2. Using the forceps, place the filter paper ring over the shield. Don’t let paper touch the embryo.

3. Using your scissor gently cut the membrane around the outside of the filter paper

4. Transfer the filter paper and embryo into the small petrie dish filled with buffer. Swirl gently to remove excess yolk.

5. When free of yolk, place the embryo onto a glass microscope slide and add a drop of india ink into the hole punch of the filter paper.

6. Place the embryo on your microscope and collect images. Identify the area pellucida, primitive streak, primitive knot, primitive pit, primitive groove and primitive ridge. 

2. 18-Hour Chick Embryo Models
a. Models of Chick Cleavage. We have several models which demonstrate the early stages of cleavage.  The blastodisc, which is an area of cytoplasm, rests on a large mass of undivided yolk. Only the cytoplasm of the blastodisc divides. After cleavage commences, this area is called the blastoderm.

b. Models of Chick Gastrulation. Examine the models.  Place the models in developmental sequence. Note that the endoderm is fully ingressed in both models and forms the deepest layer of each embryo. Gastrulation (1st) Find: the ingressed endoderm, prospective mesoderm, ingressed mesoderm, prospective head process, skin ectoderm, neural ectoderm, primitive streak. The model has a series of arrows. Describe the movements indicated by the arrows in each color-coded area.  Describe the relationship between the arrows in the pink and red areas. Gastrulation (2nd). Find:the ingressed endoderm, prospective mesoderm, ingressed mesoderm, head process, skin ectoderm, neural ectoderm,  primitive streak.  The model has a series of arrows. Describe the movements indicated by the arrows in each color-coded area.  What changes have occurred between these two stages of gastrulation?  

B. Other Model Organisms for Comparison

1. Frog Models

1. Examine the series of models showing unsectioned frog embryos.  Find these stages: unfertilized egg, fertilized egg, 2-cell stage, 4-cell stage, 8-cell stage, morula, early blastula, late blastula, a series of gastrula stages, neural plate, neural fold, neural tube, the 4-mm embryo. Find these structures: yolk plug, yolk-filled cells, gray crescent, polar bodies, blastopore. Find these regions: midsagittal plane of the future embryo at the fertilized egg stage, the future cranial and caudal ends of the embryo at the fertilized egg stage, animal and vegetal poles at the cleavage stage, future dorsal-ventral axis at the cleavage stage

2. Examine the series of models which show sectioned, color-coded embryos. Find these stages: blastula, several gastrula stages, neurula stages. Find these structures: blastocoel, archenteron, blastopore, yolk plug, yolk-filled cells

3. Examine the fate map model. Identify the prospective fates of areas of the frog blastula. Locate the future dorsal lip of the blastopore and the position of the gray crescent. Where are the cells that involute through the blastopore?

4. The dorsal lip gastrula slide (labeled crescent groove or early gastrula). Find the blastopore, dorsal lip blastopore, blastocoel, archenteron, yolk-filled endodermal cells, archenteron roof (endoderm part, mesoderm part), outer ectodermal layer, inner ectodermal layer, the future caudal and cranial ends of the frog.

5. The yolk-plug gastrula. Find the yolk plug, dorsal blastoporal lip, ventral blastoporal lip, archenteron, endodermal cells, blastopore, blastocoel, neural ectoderm,.
