Exercise 1: The Model Organisms of Development: 

Microscopes, Non-Microscopic Preparations and Model Organisms
Student Learning Objectives. 

1. Students should identify the taxonomic determinants that distinguish biological organisms that are critical to our understanding of Developmental Biology.
2. Students should describe, in both words and pictures, the anatomical variation in embryos that forms the basis for the taxonomic classifications in animals.

3. Students should develop strong background knowledge of the terminology used in embryonic taxonomy and anatomy.

4. Students should understand the advantages and limitations of two-dimensional images and cartoons for understanding embryonic development.

5. Students should understand the advantages and limitations of microscopic slide preparations and serial sections for understanding embryonic development.

6. Students should understand the advantages and limitations of preserved whole specimens and three-dimensional models for understanding embryonic development.

7. Students should be use the internet to collect accurate facts and images to facilitate their learning of Developmental Biology.

Introduction.
1. BIOLOGICAL TAXONOMY

The classification of biological organisms based on anatomical and physiological relationships is one of the cornerstones to the science of Biology. Cellular anatomy and physiology determine the most fundamental classification, the Domains, while it is adult form and function that determine the Kingdom level classifications. In this Exercise you will select a favorite animal and determine all of its taxonomic classifications from domain to genus and species. 
2. EMBRYONIC ANATOMY THAT FORMS THE BASIS FOR ANIMAL TAXONOMY

It is within the classifications of animals that we find embryonic forms to be central. A principle tenet of developmental biology is that the similarities within the anatomy of related organisms are expressed earlier in the embryo, while the differences between those organisms emerge later in development (von Baer). Darwin and others used this concept in building the classification of animals that we use today.  Some of these key anatomical determinants include the cellular organization of tissues, the physical symmetry of the animal, the presence of a body cavity and how it forms, and the separation of the body into segments. 
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3. THE MODEL ORGANISMS OF DEVELOPMENTAL BIOLOGY

We learned last week that, no matter what our organism of primary interest, there are a variety of organisms that can shed light on its developmental processes. We learned that a principle tenet of developmental biology is that the anatomical similarities of related organisms are expressed earlier in the embryo, while the differences between those organisms emerge later in development (von Baer). Therefore, early developmental events of humans can be studied in very distant relatives, such as starfish, worms or flies. To study events that occur later in an organisms development requires that we study more closely related organisms. Therefore, an understanding of taxonomy complements an understanding of developmental events. Some organisms have been so widely studied over the years that they have become the workhorses (superstars?) of developmental biology. We will look closely at a variety of these animals this semester.
4. TWO-DIMENSIONAL AND THREE-DIMENSIONAL RESOURCES

Textbook Images, Posters and Downloads. There is a very large body of information on developmental biology available in the forms of photographs, drawings, cartoons, etc. In fact, the bulk of the information that we can gain access to comes in these forms. These two-dimensional representations are extremely useful in understanding the anatomical changes that occur during development. However, as you will see, there are limitations to the effective visualization of three-dimension movements and changes when viewing (even the very best) two-dimensional representations.
Slide Preparations and Serial Sections.   Microscopic slide preparations improve the understanding of developmental events that can be achieved through pictures by allowing us to view the actual organisms. Ultimately, the true events of development can only be seen in the organisms themselves.  Slight variations in timing and the complex detail of an embryo are only rarely captured in photographs and composite drawings. While slide mounts are in fact three-dimensional, the thinness with which they must be prepared to view under high-magnification microscopes renders them almost two-dimensional.  However, to the practiced eye, serial sections can capture the three dimensional aspects of development. Here, the embryo is thin-sliced for the microscope but every slice is collected in order, which allows us to systematically view the entire organism under high-magnification. Be forewarned, however - this is a skill that takes lots of practice and patience!

Preserved Specimens.  Another important tool to the developmental biologist is the preservation of intact whole specimens. These preparations provide true three-dimensional views of the developing organism. They are an excellent way to see how the processes that we are studying manifest themselves in the organism as a whole. Many organisms are transparent during early development and these preparations provide us a clear window into the three-dimensional world of the embryo. However, few organisms remain transparent throughout all of development and at some point only surface changes can be visualized with these specimens.

Embryo Models.  The scale model of the embryo is a wonderful tool in understanding developmental processes. These models are handcrafted, three-dimensional, serial representations of the developmental stages of an individual species. These constructs combine many of the advantages of the other resources, while attempting to minimize their limitations. Their three-dimensional view mimics that of whole preparations, while conveying internal structures as detailed cartoons drawn from microscopic section data. Used properly to augment the information gleaned from studying actual organisms, these are an extremely valuable means to visualize development.

5. INFORMATION ON THE INTERNET. 

We have to be careful with the information that we find on the internet. Most of this information is excellent and the internet is a great place to learn. Unfortunately, some of the information we find there is not accurate (I’ve even seen some that was blatantly not true). To avoid the pitfalls and gain the benefits there are a couple of techniques that you’ll need to perform:

1. Learn to identify the quality of your sites. Most of this is intuitive. Good sites for scientific information include Universities, the web pages of faculty who work in the field you are studying, well-known companies in the field, government and non-governmental agencies with strong reputations. Personal sites, sites of groups you’ve never heard of, sites with political or moral agendas may present information that isn’t balanced – or may even be inaccurate. Look closely at who is presenting the information you are getting. Will you stake your own reputation on theirs?

2. Double check all of your facts. I don’t mean this in some abstract or indirect way! I mean get at least two sources on everything you take from the internet (3 or 4 is better!). If two sites present different opinions on an issue, that’s not a bad thing – controversy in science usually means that’s a hot area, but go for the tie-breaker. Find another site or two that helps you choose a side. Try to get to the bottom of any issue with different opinions. That’s really what doing your research is all about.

3. Reference everything you use in your documents. Don’t convey information to your classmate or your instructor from an internet or print source without giving credit to the original authors.  There are two reasons for this: one is that it’s just the right thing to do (both morally and legally) and the second is that you don’t want your reputation riding on the accuracy of someone you don’t know.

Procedure.
1.  Examine and compare the following the following organisms using all of the available preparations in the laboratory. In your summary and conclusions section, discuss the advantages and limitations of each type of preparation.

a. The Organisms:

a. Sea Urchins

b. The Common Starfish
c. Nematodes

d. Fruit Flies
e. The Frog
f. The Chicken

g. The Pig

h. The Human

b. Taxonomic Classification. For each of the organisms listed above find the following details. Based on what you find, determine what portion of human development you think they would be useful models for studying.

a. Phylum: 

b. Subphylum: 

c. Class: 

d. Order: 

e. Family: 

f. Genus: 

g. Species:

c. Examine and compare all of your resources for each organism. For some we have extensive collections of various preparations, for others they are more limited. List all that you find, describe them and define the developmental range that they cover. Draw or photograph several representative images that compare different resources at the same developmental stage in each organism.

a. Textbook Images, Posters and Downloads.  

b. Slide Preparations and Serial Sections.  

c. Preserved Specimens.  

d. Embryo Models.  

2. Get a computer from our cart or use your own. Connect your computer to the internet and pull up Google or an equivalent search engine.

a. Select a favorite vertebrate animal. Start with Domain-level Taxonomical Classifications and work your way to the genus and species classification of your selected organism. Just to be thorough, include the phyla for all of the eukaryote kingdoms. Be creative: download charts and images, use descriptive text, fully outline your discoveries. Just remember to double check and cite everything!

b. Make a chart of the embryonic anatomy that forms the classification for the phyla in the Kingdom Animalia. Again, be creative. Create a format that allows you to learn and remember the details.

c. Find definitions and visual aids for each of the terms in the list above.
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