Exercise 4: Early Development in Invertebrates: Cleavage, Blastulation and Gastrulation in Caenorhabditis elegans
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 free-living nematode, Caenorhabditis elegans.
3.  Students will compare these processes between various invertebrates.
Introduction

1. Development of Nematode Worms

The early stages of embryonic development can be readily observed in nematode worms which contain far fewer cells than the embryos of vertebrates. The worm Caenorhadbitis elegans has been studied extensively. This free-living soil worm has become a major model organism in developmental biology. Since the 1970's, researchers around the world have used    C. elegans to study development and developmental genetics.  Several web sites are devoted to the worm. There are many advantages to their use. Reproduction is mostly by the self fertilization of hermaphrodites; although males can develop under some conditions. Large numbers can be grown on E. coli on agar plates. Embryogenesis is completed in about 16 hrs at 20oC. The body of the adult hermaphrodite contains exactly 959 somatic cells and the lineage of each cell can be traced through the transparent cuticle. Amazingly, all the descendent cells of each cleavage stage cell have been identified, and the cell lineage is the same for all individuals. It has been shown through these studies that nematode development is highly determinate. Each cell of the embryo acquires a unique identity at an early stage. These few cells and their early determination make the nematode an appealing organism to study developmental processes. In addition, the worm has about 17,500 genes, and its genome has been sequenced. Using mutants, gene expression during development can be researched. Two related species are commonly compared, Rhabditis retains the embryos inside its uterus until a late developmental stage, whereas C. elegans lays its embryo-containing eggs at a relatively early stage. 
2. Worm Developmental Stages. 
Immediately after the completion of fertilization, the zygote begins cleavage (cell division stages) which produces an embryo of about 30 cells by about 2 hrs after fertilization (at 25 C). Gastrulation involves successive inward migrations of cells from the outer edges of the embryo.  The resulting embryo is ball-shaped and solid. Cell division continues, cells move and differentiate into organs, and the spherical embryo stretches out into a cylindrical worm. The stages of transformation from ball-shape to worm-shape are called: comma stage, 2-fold stage, 3-fold stage, and hatching stage. The names indicate the general shape of the embryo at each stage. These transformation stages are also called the larval stages. The hatching worm consists of about 500 cells.  After several molts, the worm becomes a sexually mature adult.

3. Other Model Organisms for Comparison
The Echinoderms.  Echinoderms, like chordates, are deuterostomes. The word "deuterostome" means second mouth and refers to the sequence of development of mouth and anus. In a deuterostome the opening into the primitive gut, the blastopore, forms the anus. The mouth forms secondarily after the gut tube has extended to the area where the mouth will open. Deuterostomes share several other developmental characteristics, including totipotency (equivalency) of the early blastomeres(each in isolation can form a complete embryo),   cleavage patterns,  and method of coelom formation.  Due to the small amount of yolk present in the egg, echinoderm embryos demonstrate the simplest form of early deuterostome development. After gastrulation, a somewhat bilaterally symmetrical larval stage specific to echinoderms forms. This larva will metamorphose into the radially symmetrical adult. Your study of the echinoderm embryo provides a view of the basic stages of early development and should aid your understanding of the more complex developmental patterns seen in vertebrates.

Procedure

A. Caenorhabditis elegans
1. Examine the dish of worms on the Stereo Dissecting Microscope. 

a. Worms of various sizes are visible on the surface of the agar. These are four larval stages and the hermaphroditic adults. (Generally, males are not present.).   Embryos, within fertilization envelopes, lie on the surface of the agar. Find the unhatched embryos, the larval stages and the adult worms.

2. Examine the Worms on the Compound Microscope. 

a. Using the dish at your desk, gently scrape the surface of the agar with a toothpick. Spread the scrapings on a clean slide. 

b. Examine with the low power lens to be sure that you have worms and embryos. 

c. Add a drop of aceto-orcein and cover with a coverslip. Caution with the stain, it contains 45% acetic acid and burns. 

d. Find the four larval stages and the adults. 

3.  Examine Larval Worms at 40x. 

a. The newly hatched larva has 558 cells. As you focus up and down, the nuclei in the body cells will be visible. This sexually immature stage lacks a gonad and other reproductive structures. 

b. Find the mouth and trace posteriorly through the pharynx to its terminal bulb. A valve connects the pharynx to the intestine. The intestine, a tube composed of 20 cells, connects to the rectum by an intestinal-rectal valve. The intestine will be filled with the bacterial food of the worm. The short rectal tube leads to the anus. The gonad primordium is a small mass of cells ventral to the intestine just posterior of the middle of the animal. 

4. Examine Adult Worms at 40x. 

a. The adults are the largest worms on the slide. Trace the intestinal structures. Focus up and down to see the nuclei of the muscle, nervous and excretory cells which lie externally to the intestine. 

b. Reproductive Structures. Find the vulva, a prominent slit at the middle of the worm. The reproductive structures are paired around the vulva. Trace anteriorly from the vulva. The uterus contains developing embryos. The spermatheca is an oval structure containing sperm; it may be difficult to distinguish from the oocytes. Oocytes pass through the spermatheca and are fertilized. Anterior to the spermatheca, unfertilized oocytes are visible inside the oviduct. At the level of the pharynx, the oviduct makes a U-turn and bends back over itself. The last structure is the ovary. Trace along the ovary (posteriorly) to its tip.  

c. Now retrace the reproductive structures, but go the other way. Trace anteriorly from the tip of the ovary to the U-turn. Focus up and down on the oocytes in the oviduct.  The nuclei in many of these cells will be visible.  Continue to follow the oviduct posteriorly. Note the increasing sizes of the oocytes as you trace the oviduct to the spermatheca. Follow the uterus to the vulva. The embryos closest to the vulva are the oldest.  Some of the nuclei in the embryos may be visible. 

5. Examine the embryos at 40x.  

a. Examine the embryos in the uterus. Near the oviduct look for embryos in early cleavage (2 - 14 cells). Trace toward the vulva to examine later cleavage stages (about 20 cells). The gastrula will be a solid mass of cells (30 - 100+ cells).  

b. The embryo is released from the uterus during gastrulation. Examine the embryos lying freely on the slide. The spherical gastrula is a solid mass of cells. In the comma stage the posterior elongates and narrows, but the anterior remains rounded. The embryo looks somewhat like a comma. The 2-fold stage may appear to be solid, you have to focus carefully to see the fold in the center of the embryo. The 3-fold and later stage embryos are little, folded-up worms wrapped in a vitelline envelope. The 3-fold has two bends in its worm-shaped body.  

B. Other Model Organisms for Comparison
1. Starfish Slide
a. Cleavage

a. Find and image the 2-cell stage. The embryo has two blastomeres and one the cleavage furrow through the animal-vegetal poles.

b. Find and image the 4-cell stage. This stage has four blastomeres and two cleavage furrows passing through the animal-vegetal poles.

c. Find and image the 8-cell stage. The third cleavage furrow is at a right angle to the first two furrows and produces a two-tiered embryo.

d. Find and image the 16-cell stage. This stage has three tiers of cells.

e. Find and image the 32-cell stage, a morula.  This stage has five tiers of cells.  

b. Blastulation

a. Mid-blastula stage. The mid-blastula has around sixty cells and a central blastocoel. The blastocoel is visible because you can focus through the layer of cells forming the walls of the blastula.

b.Late-blastula stage. The blastocoel fills the center of the embryo. The embryo is composed of more than one hundred cells. The late-blastula has many more, but much smaller, cells than the mid-blastula. Although the embryo consists of many more cells, it is not much larger than at the 2-cell stage.

c. Blastula at vegetal plate formation. In the last stage of blastulation, cells at the vegetal pole elongate and thicken. As a result, the vegetal plate cells appear longer than other cells of the embryo, and the ventral surface of the vegetal plate is flattened rather than rounded. The embryo is no longer a perfect sphere.

c. Early-gastrula.  Cells at the vegetal pole have begun to push into (invaginate) the blastocoel forming a small archenteron. The opening into the archenteron is called the blastopore. The invaginating cells will form the endoderm and mesoderm. 

d. Mid-gastrula. The archenteron has elongated toward the future anterior end of the larva. The blastocoel which surrounds the archenteron still occupies the interior of the embryo. The coelomic vesicles form by lateral expansions from the wall of the archenteron. An embryo showing  the coelomic vesicles may not be present on every slide.  

2. Starfish Models
MODEL #

1. Fertilized egg. The egg nucleus is in meiosis (which stage?). The male pronucleus and polar body are present.

2. 2-cell stage. Find the first cleavage furrow, blastomeres and polar bodies.

3. 4-cell stage. Find the first and second cleavage furrows.

4. 8-cell stage. The third cleavage furrow is at a right angle to the first two furrows and has produced two tiers of blastomeres.

5. 16-cell stage. How many tiers of cells?

6. Early-blastula. The blastula has about 60 cells and a blastocoel.

7. Mid-blastula. The cells are more numerous and smaller than in the early blastula, but the embryo remains about the same size.

8. Late-blastula.

9. Early-gastrula. The archenteron is forming by invagination of vegetal pole cells into the blastocoel. The opening of the archenteron is the blastopore.

10. Mid-gastrula. The archenteron is elongating, and mesenchyme cells are detaching from its tip.  The lateral extensions from the tip of the archenteron are the forming coelomic vesicles.

