The Significance of the Fossil Record 
The fossil record indicates the evolutionary history of life. Many events together, including: continental drift, changes in climatic conditions as well as evolutionary novelties have guided the forces to yield interesting ranges of all manner of beasties (plants, microbes too). It is the goal of a group of scientists to determine the phylogeny (the evolutionary history of the organism). Those involved in systematics assign organisms to various taxa based on accumulated fossil record data as well as both anatomical and molecular similarities. 

Objectives 
1. To become familiar with different types of fossils. 

2. To understand various processes that lead to fossilization. 

3. To examine the skulls of hominids. 

4. To develop knowledge of the main Eras, their Periods and Epochs 

5. To draw and briefly label 15 fossils that might appear on a laboratory practicum. 

6. To observe a 15 minute film by a nationally recognized paleontologist demonstrating on site discovery. 

7. Students are strongly encouraged to view some of the books, magazine articles and references placed about the room. 

Taxonomy is often not a favorite term of Bio II students. Often they use it in conjunction with other equally questionable words. We do so like to classify critters and it is somewhat important that we know the main taxa. Our system is going to reinforce those of Dr. Campbell, the author of the text. 

The current system is the three domain system, previously mentioned. The following taxa will be used to classify organisms. 

Learning tip: K P C O F G S (The expanded acronym is"King Phillip Came Over From Great Spain. 

K~Kingdom P~Phylum, C~Class, O~Order, F~Family, G~Genus, S~Species 
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Fossil Studies 

1. A fossil is any preserved remnant or impression of a living organism that lived many years ago. Most fossils are found in sedimentary rock. 

2. Entire organisms are rarely fossilized. Most often the hard parts of an organism including shells, teeth and bones, which do not decay quickly, remain as fossils. 

3. Fossils can be formed in many ways, including petrification; formation of imprints, casts, or molds; freezing; and entrapment in tar pits or amber. 

a. Petrification occurs when minerals dissolved in ground water seep into the tissues of a dead organism and replace its organic material, thus turning the animal or plant into stone. The petrified bones of dinosaurs and the petrified wood of trees are formed this way. 

b. Imprints, such as footprints or leaf prints, are preserved depressions formed in soft mud or sand that subsequently dry and change into sedimentary rock. Dinosaur tracks are examples of imprints. 

c. Casts or molds are formed when an organism such as a snail is buried in mud, under water for ages; as the organism undergoes decomposition, its shape is replaced by minerals, leaving a cast of the original animal in the surrounding sedimentary rock. 

d. Freezing can occur if an organism is trapped in freezing soil, snow or ice that does not thaw over time. Bacterial decay can be prevented and much of the organism may be preserved. The preserved bodies of prehistoric mammoths have been found in Siberia. 

e. Tar pits create a sticky material from which organisms cannot escape. Minimal bacterial decomposition occurs within these pits, thus the skeletons of many prehistoric animals, such as saber-toothed tigers, have been preserved. 

f. Amber is the sticky, hardened resin of evergreen trees. It is responsible for trapping many prehistoric insects. As little bacterial decay occurred, the insect bodies have been preserved. 
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4. The age of fossils can be determined by relative dating and absolute dating. 

a. Relative dating entails noting the layer of sedimentary rock in which the various fossils are found and estimating age from the position relative to the rock formation. Fossils found at the lowest point in a rock would generally be assumed to be the oldest. 

b. Absolute dating may involve the use of radioactive isotopes to determine the ages of rocks and fossils on a scale of absolute time. These accumulated in the fossil when it was alive. Carbon 14 has a half-life of 5,600 years; thus half the carbon 14 will be gone in 5,600 years. It may also involve the measurements of the L and D forms of amino acids in the fossil. While alive, organisms synthesize only L forms of the amino acids but upon death these are gradually converted to D forms. By comparing the ratios we can determine the age of the organism. 

5. Paleontologists have discovered evidence that life has progressed from simpler to more complex forms. 

a. Study of successive geologic layers of fossil sites typically reveals that the next higher layer contains not only fossils of organisms found in the lower layers but also fossils of newer and more complex organisms. 

b. Fossils of the most recent plants and animals are found only in the highest or newest layers of rock. 
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Time-line for Paleontology 

Yrs. BP Era Period Epoch Events________________ 
5 billion Precambrian Prokaryotes 

First Invertebrates 

Plants, Algae, Seaweeds 

570 million Paleozoic Cambrian Origin of Invertebrates 

First Trilobites 

Brachiopods, Graptolites, Mollusks, Corals Echinoderms 

500 million Ordovician Trilobites, Jawless Fish 

440 million Silurian Fish (teeth, jaws) 

First Land Vertebrates 

First Land Plants 

410 million Devonian Bony fish, Fleshy Fish, Rhipidistians, Mollusks, 

First Insects 

Diversification of Plants 

First Amphibians 

365 million Carboniferous First Land Vertebrates, 

Origin of Reptiles and Amphibians 

Origin of Forests and seeds 

290 million Permian Trilobites Extinct, Reptiles 

245 million Mesozoic Triassic Dinosaurs, First Mammals 

210 million Jurassic First Birds, Flowering Plants 

140 million Cretaceous First Primates, Dinosaurs Die 

65 million Cenozoic Tertiary Paleocene Radiation: mammals, birds 

Eocene Mammals diversify 

Oligocene Origin of mammal orders 

Miocene First Hominids 

Pliocene Hominids 

Quaternary Pleistocene Ice-age humans 

Holocene 
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Laboratory Questions: 

1. Write the eras, periods and epochs in order. A memory device may assist processing information. 

2. Draw and label 15 representative fossils and name them. 

3. Compare absolute and relative dating methods of assessing fossil age. 

4. List and discuss six methods of fossilization. 
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Mechanisms of Evolution: Genetic Drift and Natural Selection 
Introduction 
A population is a group of individuals of the same species living in the same geographical are that interbreeds freely. The sum of all the alleles of all the members of the population is its gene pool. For each gene, every individual has only two alleles, but there may be more than two alleles in the gene pool, each with its own frequency. Evolution is frequently defined genetically as a change in the frequency of one or more alleles in the gene pool from one generation to the next. As the frequency of an allele refers to its frequency in the population, evolution occurs in the population as a whole, and not in individuals. The conditions that cause a change in allele frequencies are: 

1. mutations, 

2. gene flow, 

3. nonrandom mating, 

4. genetic drift, and 

5. natural selection. 

This exercise focuses on genetic drift and natural selection. 

Genetic drift refers to changes in allele frequencies due to random chance alone. The founder effect occurs when a few individuals start a new colony and only a fraction of the genetic diversity of the original gene pool is present in these individuals. The new population is likely to have much different allele frequencies than the parental population. 

Natural selection occurs when a new phenotype appears in a few members of a population that allows them to better utilize the available resources. These individuals are more likely to survive and have more offspring than those individuals that lack the new phenotype. In subsequent generations, more members of the population will have the new phenotype, and eventually, many members of the population will have the phenotype and be better adapted to the environment. 

A. The Hardy-Weinberg Law 
The Hardy-Weinberg law, which is used to calculate the frequencies of alleles in a gene pool, provides a baseline by which to judge if evolution has occurred or not. Hardy and Weinberg independently demonstrated that sexual reproduction alone will do nothing to change the frequencies of alleles in a gene pool provided that certain conditions are met. These conditions are: 

1. There must be no mutations of the alleles. 
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2. There must be random mating between individuals, regardless of genotype. 

3. The population must be large enough so that the laws of probability operate. 

4. The population must be isolated, with no immigration or emigration. 

5. There must be no natural selection. 

Provided these conditions are perfectly met, the population will not evolve and the allele frequency will not change from one generation to the next. However, if an outside evolutionary agent, such as genetic drift, natural selection, nonrandom mating, mutation, or gene flow is operating, allele frequencies will change and the population will evolve. 

The frequency of the recessive and dominant alleles, the three genotypes (homozygous dominant, heterozygous, and homozygous recessive), and the two phenotypes (dominant and recessive) can be calculated using the Hardy-Weinberg law, which is outlined below. 

p2 + 2pq + q2 = 1 

where p2 = % homozygous dominant individuals 

p = frequency of the dominant allele 

q2 = % homozygous recessive individuals 

q = frequency of the recessive allele 

2pq = % heterozygous individuals 

Also, p + q = 1 (there are only two alleles for a particular gene in an individual), and 

p2 + 2pq + q2 = 1 (these are the only genotypes). 

Establishing a Baseline 

In this exercise, the class constitutes a population and we will be following the allelic and genotypic frequencies for PTC tasting and a type of earlobe. 

PTC (phenylthiocarbamide) is an antithyroid drug that prevents the incorporation of iodine by the thyroid gland into thyroid hormone. The ability to taste PTC is an autosomal trait; tasting (T) is dominant to nontasting (t). Whether earlobes are attached or free is also an autosomal trait. Unattached (E) is dominant to attached (e) earlobes. 

2

To get the baseline (control) values for the class follow the steps below and enter the appropriate values in table 1. 

1. Taste a piece of PTC paper. Can you taste it? ___________ 

What is your genotype? ________________ 

2. Have a class member examine your earlobes and determine whether they are attached or unattached. Do you have attached or unattached earlobes? ________________ 

What is your genotype? ________________ 

3. Determination of homozygous recessive frequency (q2): 

a. Number of students who cannot taste PTC = ____________ = q2 
Number of students in the class 

b. What percentage of the class has attached earlobes? 

Number of students with attached earlobes = ____________ = q2 
Number of students in the class 

4. Fill in the first column of table 1. 

5. Determine the frequency of the recessive allele (q) by calculating the square root of q2. Fill in the second column of table 1. 

6. Determine the frequency of the dominant allele (p) using the formula p + q = 1, that is, p = 1 – q and fill in the third column of table 1. 

7. Determine the frequency of the homozygous dominant genotype (p2) by multiplying p times p and fill in the fourth column of table 1. 

8. Determine the frequency of the heterozygous genotype (2pq) by multiplying 2 times p times q and complete column five of table 1. 
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Table 1. 

	Trait 
	q2
	q 
	p 
	p2
	2pq 

	PTC tasting 

	Earlobes 


9. Complete table 2 by filling in the “Genetic Frequencies” column with the numbers calculated in steps 3, 7 and 8. Then complete the “Number of Students” columns by first filling in the number of students who have the recessive phenotype (q2) from step 3. Then calculate the number of students with the homozygous dominant genotype by multiplying p2 times the number of students in the class, and the number of students with the heterozygous genotype by multiplying 2pq times the number of students in the class. 

Table 2. Present Generation 

	Genotypes 
	Genotypic Frequencies 
	Number of Students 

	PTC Tasting 
	Earlobes 
	PTC Tasting 
	Earlobes 

	Homozygous Recessive (q2) 

	Homozygous Dominant (p2) 

	Heterozygous (2pq) 


Testing the Hardy-Weinberg Law 

Your instructor will select one of the two traits for further testing. Given the data in table 1, predict the genotypic frequencies in the next generation if the Hardy-Weinberg law applies. 

q2 = _________ q = ____________ 

p2 = _________ p = ____________ 

2pq = _________ 

1. Using the frequencies from table 2 as a guide, your instructor will assign you a genotype for the trait being followed. (Students who know their phenotype should use their own genotype.) 

2. Write down your initial parental genotype. _____________ 
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3. To ensure random mating you must behave completely uninhibitedly and choose anyone in your class (male or female) as a mate. This person cannot refuse you. 

4. Each couple will have two offspring. Each member contributes one allele to each offspring and is determined by flipping a coin. If the coin comes up heads, the left allele is passed on, and tails means the right allele is passed on. Now fill in Table 3. 

Table 3. F1 Generation 

	Offspring 
	Your Contribution 
	Partner’s Contribution 

	1 

	2 


5. Select one of the two offspring; its genotype now becomes yours (the parent’s have died). Record your new F1 genotype. ____________ 

6. Find a new partner and repeat the procedure outlined above, recording your new genotype each time, until you have completed five generations: 

F2_______ F3_________ F4__________ F5__________ 

7. Now fill in table 4, using the F5 genotype information. You will need to complete the number of students column first and the genotypic frequencies column second. 

Table 4. F5 Generation 

	Genotypes 
	Genotypic Frequencies 
	Number of Students 

	Homozygous recessive (q2) 

	Homozygous dominant (p2) 

	Heterozygous (2pq) 


8. Compare the results in table 2 and table 4. Do these results match the predictions you made earlier? Why or why not. 
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B. Genetic Drift 

Genetic drift refers to chance, or random, changes in the allele frequency of a gene pool. These changes cannot be predicted nor can organisms adapted to prevent these random changes. Examples of events that cause genetic drift are natural disasters like fires and floods that randomly eliminate members of a population that are “in the wrong place at the wrong time”. The remaining members of the population reproduce more prolifically than they normally would (less competition for resources and mates) and the alleles they carry will be present in the gene pool of subsequent generations at frequencies greater than those of the individuals who were eliminated. 

Founder Effect 

The founder effect occurs when a small number of individuals from a large population colonize a new habitat. The smaller the founding population, the less likely the founding gene pool will reflect the gene pool of the original population. Consequently, the allele frequencies in the subsequent generations of the new colony will be much different from those of the original population. 

1. To model the founder effect, the instructor will divide the class (the original population) into two smaller populations. How many individuals in each new population? ____________ Each member begins with there F5 genotype from the previous section. 

2. Calculate the genotypic and allele frequencies for your new population and complete table 5. 

Table 5. Parental Generation 

	Genotypes 
	Genotypic Frequencies 
	Number of Students 

	Homozygous recessive (q2) 

	Homozygous dominant (p2) 

	Heterozygous (2pq) 
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3. Follow the same mating procedure as before, but within your small population, until you have completed five generations. 

Initial (P) generation _______ F1______ F2_______ 

F3_______ F4______ F5_______ 

Fill in Table 6 using the F5 generation data for your population. 

Table 6. F5 Generation 

	Genotypes 
	Genotypic Frequencies 
	Number of Students 

	Homozygous recessive (q2) 

	Homozygous dominant (p2) 

	Heterozygous (2pq) 


Compare Table 5 and Table 6. Do the results suggest that genetic drift has occurred? Explain. 

C. Natural Selection 

Populations contain varied individuals. These differences affect their ability to successfully leave behind offspring. The differential success in reproduction was described by Darwin as natural selection. Natural selection results in alleles being passed on to the subsequent generation at frequencies disproportionate to their occurrence in the parental generation. Mutation contributes to natural selection as it gives rise to new alleles that may better adapt individuals containing them to their environment, and contribute to the adaptation of the population as a whole. 

Antibiotic Selection of Bacteria 

Most bacteria that are grown in the presence of small amounts of antibiotics die, although some survive. Those bacteria that survive contain mutations that neutralize the effect of the antibiotics and confer antibiotic resistance to the bacterium. Each surviving bacterium then gives rise to a colony of bacterial cells, each containing the mutant gene that gives resistance to the antibiotic. 
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1. Working in pairs, obtain two culture plates that have been pre-inoculated with Escherichia coli. CAUTION: While these bacteria are normal inhabitants of the human lower GI tract, ingestion of these bacteria can cause mild to severe food poisoning (and in some cases, death). Use caution when handling the plates and wash your hands thoroughly after handling the plates. 

2. Carefully place a blank sterile disk and disks impregnated with different antibiotics on the surface of each plate. Record the names of the antibiotics and their locations on the plates in the diagrams below. 

3. On the bottom of one disk write a large letter C (for control) and the first letter of the name of each antibiotic (adjacent to its disk). Tape the lid shut and label it with your name and lab section. 

4. Before closing the second plate, expose it to UV radiation for 10 seconds to cause mutations. CAUTION: Direct UV exposure can damage your eyes. Tape the lid shut, label each antibiotic disk as described above, and label the lid with your name and lab section. 

5. Each plate will be placed at 37oC for 24 hours then kept in a refrigerator until the next lab session. 

6. Measure the clear zones around each antibiotic disk and record your data in the table 7 below. 

Table 7. 

	Measurement of Clear Zone 

	Control Disk 
	Antibiotic A
	Antibiotic B
	Antibiotic C 
	Conclusions 

	Plate (not exposed) 

	Plate (exposed to UV) 


7. Do your results suggest that mutations resulting in antibiotic resistance occurred before or after exposure to antibiotics? Explain. 
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8. Has a change in the gene pool frequency occurred? Explain. 

9. What would you expect to happen if bacteria growing in the presence of the antibiotics were used in a repeat experiment, that is, would the growth around the antibiotic disks be greater or not? Explain. 

Laboratory Questions 

1. List the conditions that must exist for the Hardy-Weinberg law to apply. 

2. What evidence would you look for to indicate that a population is evolving? 

3. Assume Hardy-Weinberg equilibrium. 

a. If p= 0.8 for a population, calculate the values of q, p2, q2, and 2pq. Show all your working. 
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b. What would be the gene pool frequencies in the next generation if evolution does not occur? 

4. Natural selection results in organisms adapting to their environment. 

a. What was the environment provided for the bacteria in this exercise? 

b. How did you know that natural selection had occurred? 

c. The next generation would have a change in gene pool frequency for what trait? 

5. a. How does genetic drift differ from natural selection? 

b. How does the end result of genetic drift differ from the end result of natural selection? 

6. If 49% of a population showing Hardy-Weinberg equilibrium has a recessive phenotype for a trait, what is the value of p? 
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Embryology Laboratory 
Purpose: To provide a hands-on opportunity for the biology student to review spermatogenesis, oogenesis, fertilization and comparative embryology of early embryos. The student will examine the relationship between phylogeny and embryology, as well as the effects of the environment on embryo development. 

Objectives: 
1. To allow the student the opportunity to review gamete production. 

2. To allow the student the opportunity to learn some of the mechanisms of sexual fertilization. 

3. The student should be able to differentiate between 2-cell, 4-cell, morula, blastula and gastrula of the early starfish embryo. 

4. The student should begin to understand the underlying principles of fertilization, cell division, differentiation and determination. 

5. The student should understand the significance of the 3 germ layers and resultant tissues that they contribute to. 

6. The student should realize the significance of the extra-embryonic membranes and their functions in both bird and mammal. 

7. The student should be able to identify major structures of the 72-hour chick embryo. 

8. The student will understand the relationship between phylogeny and ontogeny. 

9. The student will identify mutagenic and teratogenic influences in the environment of developing embryos. 

Gametogenesis and Fertilization 
The theory of preformation suggested that the embryo contains all of its descendants, a series of successively smaller embryos within embryos. Epigenesis is an Aristotelian concept suggesting that the form of an embryo emerges gradually from a relatively formless egg. This is the theory that we recognize today. The process of embryology is an incredibly fascinating series of reactions. Embryonic development includes cell division, determination, differentiation and morphogenesis. 

In gametogenesis it is common for the dedicated spermatogonium to produce 4 haploid sperm. In the female the two divisions of meiosis are unequal which results in one large ovum with a disproportionate amount of 
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cytoplasmic constituents and three non-functional polar-bodies. Review gametogenesis on the work-sheet included in this laboratory. 
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Fertilization, syngamy, occurs with the union of a sperm and an egg, both highly specialized cell types, produced in the gonads of parents (sea urchins represent common model). The major events are: 

(1) The acrosomal reaction: upon contacting the jelly coat of the egg, the acrosomal vesicle of the sperm releases hydrolytic proteins that dissolve a pathway for the sperm through the jelly. An acrosomal process (actin) pushes through the jelly pathway until contact with the vitteline layer of the egg where the bindin protein attachs to the vitelline layer. The plasma membrane of the two gametes fuses and the sperm enters the cytoplasm of the egg. 

(2) The fast-block to polyspermy prevents more than one sperm from entering the egg. The union of the gamete membranes opens ion channels that allow sodium ions to flow into the egg cell and change the membrane potential thereby changing the voltage across the membrane. This membrane depolarization bars other sperm from entering the egg. 

(3) The cortical reaction: the sperm-egg fusion causes calcium ions to be released into the cytoplasm of the egg (probably from the ER) which causes vesicles in the cortex to fuse with the PM (plasma membrane.) The cortical granules release enzymes into the perivitelline space, and thereby allow it to become more fluid through the uptake of water. This may elevate the vitelline layer where enzymes polymerize molecules to form a hardened fertilization membrane. Slow-block to polyspermy: about a minute after fertilization, the membrane depolarization has returned to normal, reducing the effects of the fast-block, but now the slow-block to polyspermy is in place. 

(4) Activation of the egg: the higher concentration of calcium ions stimulates the extrusion of H+ from the egg, changing the pH from 6.8 to 7.3. The rate of protein synthesis increases dramatically. Twenty minutes later the sperm nucleus is swollen and merges with the egg nucleus to yield the 2N zygote. First cell division occurs in about 90 minutes. 

Fertilization in the Sea Urchin 

1. Upon contact, acrosome releases hydrolytic enzymes, breaking down jelly coat. 
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2. Acrosomal process pushes through, merging membranes. 

3. Depolarization of the membrane of ovum yields fast block to polyspermy. 

4. Sperm nucleus enters cytoplasm. 

5. Ca++ ions released from ER into cytoplasm. 

6. H+ ions are extruded -----alkaline condition. 

7. Cortical granules release contents into perivitelline space --- swelling, raising and hardening of the vitelline layer ---slow block to polyspermy. 

8. Alkaline conditions ---- activation of egg ---- increased respiration and protein synthesis (translation of existing mRNA). 

Fertilization in Mammals 

1. Sperm migrate through follicle cells and bind to receptors in zona pellucida. 

2. Acrosomal reaction releases hydrolytic enzymes into zona pellucida. 

3. Sperm membrane binds to receptors on egg membrane --- fast block. 

4. Cortical granules release contents causing slow block to polyspermy. 

5. Slow block --- changes in zona pellucida. 

6. Whole sperm enters egg, basal body of flagellum --- two centrosomes (with centriole) for mitotic spindle. 

7. After the first division, the chromosomes from male and female unite. 

Embryology 

While viewing and contemplating embryology and the incredible processes of fertilization, differentiation, division, cellular movement and change in morphology we stand in awe. While many of the processes are different in terms of location and phylogenic association, they share some incredible similarities. From the very first division of the fertilized egg, the cells are often very different. While in some organisms the cells exhibit totipotency (the ability to express the entire genome), such as in the Homo sapiens embryo, some organisms do not. 

The structure and organization of the egg itself differs from organism to organism. Eggs that are cast adrift into an aquatic environment may have very large amounts of yolk, the nutrient filled material that the embryos will rely on to complete their development. Others, often simpler in nature such as the sea urchin ova, may have smaller amounts. We will examine 
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development of simpler organisms and move to the complex. Model organisms will be chosen in this progression. 

Cleavage consists of rapid cell division that produces a ball of cells from the starfish zygote. Most animal zygotes nourish themselves on yolk, where many nutrients are stored. The embryo does not grow, but the cell is simply partitioned into many smaller cells, called blastomeres (cells cycle between the S and M phases of mitosis). Increased surface to volume ratios enhance uptake of gases and other substances. 

An axis is formed by creation of two poles: animal pole (where polar body is budded) and vegetal pole (the opposite end). In frogs, the animal hemisphere is characterized by gray hue due to deposit of melanin whereby the vegetal pole is characterized by yellow yolk deposit. 

Note the structure and development of the sea urchin embryo. We see that the zygote moves from the one-cell stage through two vertical divisions, a horizontal division and then proceeds to the morula stage (a solid ball of cells). The cells continue dividing and a fluid-filled cavity develops (blastocoel). The structure is now referred to as a blastula with ciliated cells forming the hollow ball. A designated area on the surface of the starfish blastula invaginates (buckles into the cavity) and we observe early gastrulation of the embryo. These cells are pulled into the blastocoel by migrating mesenchyme cells and the primitive digestive system of developing embryo is then begun. The development of the archenteron designates late gastrulation. During this time cells are differentiating, changing personality, through a series of morphological and biochemical events. The three germ layers of the gastrula are ectoderm, mesoderm and endoderm. The resultant tissues from these primary germ layers will be discussed later. The larva is formed which then ultimately gives rise to the adult starfish. 
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While we will not pursue the development of the fish we note that it shares much in common with the frog which is the phylogenic bridge between aquatic and land environs. 

The frog egg itself is somewhat different as it contains a moderate amount of yolk. We notice that the blastocoel is off-center. Cells change shape near a specialized location the blastopore. The cells then allow migration of others into the blastocoel to form the germ layers, epiderm, mesoderm and 

endoderm. The archenteron, as in the starfish, gives rise to the digestive system. It is pulled through the developing embryo and becomes a primitive gut. A longitudinal indentation, the neural plate, begins to form on the surface of the developing egg. Thus begins the formation of the central nervous system (CNS): spine, brain and peripheral nerves. The process is called neurulation and is exhibited in vertebrates. 

The neural groove forms the posterior-anterior axis. The sides of the groove move up and enclose the longitudenal coelum (cavity) which will ultimately give rise to the CNS. The process of neurulation is incredibly complex. If errors are made at the stage, the organisms will probably be selected out of the population (die). In man, NTD (Neural Tube Disorders) are responsible for spina bifida, encephalopathy and anencephaly and other developmental disorders of the CNS. (An important note: NTD’s in man seem to be reduced when the mother’s diet is supplemented with folic acid.) 

As amphibians made the great trek to terra firma (dry land) the special adaptations that some of the population developed enabled them to be successful. Those without special adaptations died, often without progeny. However, some of the organisms were successful. Remember that to be successful, an organism must live and reproduce. An incredible structure evolved, ensuring the survival in this new environment - the egg, with a shell and extra-embryonic membranes. 

The structure of the amniotic egg is rather interesting. It is exhibited in reptilian and avian development and even a few mammals. The egg develops 4 membranes after fertilization. We will examine the avian egg. The egg is usually developed in the female of the species, fertilized within and shed into the environment into a protected place, such as a nest in the ground or in trees. 
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The egg has a large amount of yolk and four extraembryonic membranes: the yolk sac, the amnion, the allantois and the chorion. The yolk sac protects and segregates the yolk. It is responsible for making available the enclosed nutrients to the developing zygote. The amniotic membrane surrounds the developing embryo and protects it both from mechanical shock and desiccation. The allantois acts as a uric acid disposal site for wastes produced as development proceeds. The chorion in conjunction with the allantois, acts as a gas exchange system through which O2 can be provided for the developing zygote and CO2 can be released to the environment. 

The embryology of the bird proceeds as indicated in the diagrams. The division of cells is limited to a group of cells, the blastodisc, that sit on the surface of the large sac of yolk. Cells from an upper layer, the epiblast, migrate through a structure called the primitive streak, a longitudinal depression marking the posterior-anterior axis. The migrating cells then contribute to the hypoblast as well as enter the blastocoel which is flattened. The germ layers develop into respective tissues in a similar fashion as the frog (the aquatic ancestors) and organogenesis proceeds. 

While mammals existed during the time of the very successful, but extinct, dinosaurs, they did not flourish and undergo speciation until the extinction of the great land animals. Many phylogenic changes were successful and ultimately most mammals developed the ability to retain the developing zygote in a specialized structure, the uterus. Mammalian development is somewhat different from reptilian in some important ways. The typical mammalian ovum exhibits little or no yolk. This nutrient supply that many other embryos rely on is replaced by a system that is integrated with the mothers in a complex and interesting way. Note the structure of the fertilized and developing zygote. The trophoblast, a layer of cells of the zygote combines with cells of the mother’s uterus to form a complex structure, the placenta. The placenta then is the conduit for nutrient and gas exchange between mother and embryo. We see that the epilblast and the hypoblast are evident and a primitive streak occurs in a similar fashion to the bird. Organogenesis proceeds in a fashion similar to our aquatic ancestor, the frog. 
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We are attempting to generalize today to grasp the overall view of embryology. We examine the simple and proceed to the complex. Later we will discuss more aspects of this incredibly complex process of development. It is very important that we have an appreciation for the similarities and differences in development of our vertebrate relatives. 

Questions for Embryology Laboratory 

1. Draw and describe the structure of spermatozoa. 
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2. Differentiate between ovum, morula, blastula and gastrula. 

3. Describe the amount of yolk in the following eggs: sea urchin, frog and chick. 

4. Name and state the function of the four extraembryonic membranes in both avian and mammalian development. 
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5. Draw and label the morula stage of development of a sea urchin or starfish embryo: 

6. Draw and label the blastula stage of development of a sea urchin or starfish embryo: 
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7. Draw and label the early and late gastrula stages of development of a sea urchin or starfish embryo: 

8. Draw and label the 36-48 – hour chick embryo sagittal section: 
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9. Identify four major component processes in development. 

10. Describe environmental conditions (both internal and external) that may be teratogenic to the developing embryo. 

11. Cite a reputable source and attach a printout of a study linking environmental pollutants and increasing mutagenic effects. 
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Protista Laboratory 
Protists contribute to a group of very diverse organisms that share some common characteristics. They are unicellular, although they may be found in colonies or in bodies with specialized structures. As members of the domain Eukarya some are plant-like and autotrophs (algae), some are heterotrophs (protozoan or animal-like) and some are more related to fungi and are absorptive heterotrophs. These organisms exhibit a high degree of complexity. Seventy thousand protozoans have been identified. While generally microscopic, they are found in damp or wet environments, such as lakes, oceans, streams, damp soil, mud puddles and birdbaths. 

Objectives: 
1. Discuss general characteristics of protists. 

2. Discuss general structure of each Phylum. 

3. Give examples of each Phylum and explain where members can be found. 

4. Compare classification using the 5-kingdom method and 3-domain method. 

5. Be familiar with life cycles of Ulva and Chlamydomonas. 

6. Differentiate between modes of locomotion in Amoeba, Paramecium and Euglena. 

7. In an evolutionary context, describe the connection between Chlorophyta (green algae) and higher plants. 

Protista 
The origin of eukarya is still debated today. Many scientists support the autogenous theory which suggests that compartmentalization of chemical processes occurred via segregation of enzymes and subsequent infoldings of plasma membrane. The serial endogenous theory proposed by Lynn Margulis suggested that organelles originated via cells engulfing smaller cells with specialized functions. (E.g.: mitochondria and chloroplasts contain extranuclear DNA). 

Acritarchs are the oldest fossils of protists. Some have been found in Michigan rocks that are 2.1 billion years old. Protists have been classified quite generally via nutritional modes as algae (plantlike), protozoa (animal-like) and absorptive (fungus-like) heterotrophs. In terms of reproduction, all reproduce asexually while some reproduce sexually via syngamy. Like bacteria, some form cysts when conditions become harsh. 
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Protists are found in wet or damp environments. They inhabit soil, litter, oceans, ponds and lakes. Some contribute to plankton, the communities of organisms that drift or swim near the water surface. Phytoplankton constitutes the bases of both marine and freshwater environments. 

Symbiotic relationships exist between some protists and hosts, which may be classified as mutualistic, commensalistic or parasitic. Hosts may be higher organisms, such as vertebrates. 

The older five-kingdom method of classification is being replaced by a newer three-domain method of classification. The domains Bacteria and Archaea replace the kingdom Monera. Reclassification has occurred as more information has been made available which illuminates the biochemistry and further defines relationships of representative organisms. Bacteria and Archaea have been previously presented, thus we will focus on the classification of single-celled eukaryotic organisms formerly known as protista. 

The kingdom Diplomonadida includes organisms that lack mitochondria and have two nuclei. One example is Giardia lamblia, a diplomonad that causes intestinal distress and even death. The usual mode of infection is drinking water that contains human fecal material. Outbreaks of this disease sometimes occur in daycare centers or other places where good hygiene is in question. Examine prepared slides of Giardia and note the two nuclei in this flagellated organism. Draw Giardia. 

A newer kingdom, Parabasala includes organisms that lack mitochondria. A common example is Trichomonas vaginalis the source of a common STD. This disease can be harbored by males as well as females and is often silent (asymptomatic) in males. It is an interesting organism that possesses both flagella as well as an undulating membrane. 
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Another candidate kingdom, Euglenazoa, includes the pigmented and flagellated Euglena as well as another group, the kinetoplastids, a group of parasites that includes Trypanosoma (found on prepared slides only). Trypanosomes produce diseases such as sleeping sickness carried by the Tse Tse fly in Africa and Chagas’ disease, in South America. Euglena, generally autotrophic, is typically found in freshwater environs. They are autotrophs, which occasionally function as mixotrophs in the absence of light. Examine both prepared slides and living cultures if available in the laboratory. Living culture media will require a drop of Detain to slow the organism for viewing. (These slides must be then washed after viewing with soapy water as the Detain or Protoslo may be very viscous. Detain puts sets up a carbohydrate matrix which organisms become imprisoned in.) Draw a diagram of Euglena in the space provided. 

Candidate Kingdom Alveolata (a monophyletic group) includes dinoflagellates, ciliophora and apicomplexa. Dinoflagellates present internal plates of cellulose, two flagella and are responsible for “Red Tide.” Toxins produced by some of the dinoflagellates kill organisms in the waters and are responsible for paralytic seafood poisoning in man. This phylum includes those photosynthesizes that have external plates of cellulose that exhibit a groove in which one of the flagella can be found. Examine prepared slides of Cranium and draw a representative. 
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Apicomplexa (parasitic Alveolata) have complicated life cycles as in the case of Plasmodium, which causes malaria. Malaria is responsible for the deaths of 30% of the children in Africa. The mosquito carries it. The Plasmodia parasite evades detection by members of the immune system by hiding in cells of the liver. The genetic code of the parasite has been examined most recently and scientists believe that a vaccination can be developed against the protist. Draw Plasmodium. 

Ciliates (Alveolata) use cilia for motility and feeding. Paramecium, Stentor and Vorticella are examples of this phylum. Examine prepared slides of paramecium. Compare the image with that of cells from a living culture. Use a drop of Detain to slow the motion of the organism. Draw and label a paramecium using your photographic atlas as a guide. 
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The next group is currently unnamed which makes it awkward! We shall call them the Pseudopods (I did make this one up but common guys, name it!!!) It includes organisms that use pseudopodia for locomotion, swimming as well as engulfing other microorganisms (lunch). The Phylum Rhizopoda includes naked and shelled amoebas with broad pseudopodia. The “false feet” are responsible for locomotion as well as engulfing prey. Amoeba move very slowly and detain is not recommended for use in slide preparation. Amoebas are usually colorless and it is often necessary to change both the intensity and angle of the light to observe them successfully. (Light rheostat and iris diaphragm) Draw an amoeba in the space provided. 

Members of Actinopoda (Pseudopodia) are found in planktonic habitats. They tend to be spherically symmetrical with axopodia (heliozoans are fresh water organisms while radiozoans are marine). Examine prepared slides of radiolarians and draw example of the organism. Fresh cultures of Actinopoda will display sun-like structures with axopodial rays. Draw examples of heliozoans and radiolarians. 
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Foraminifera (Pseudopodia) are protists that have calcareous compartments with pseudopodia. They are structurally responsible for the creation of the White Cliffs of Dover in England. Obtain a slide of forams and draw representatives. Note the various compartments. Examination of forams as well as other representatives has given geologists much information on the formation of landmasses. 

Mycetozoa include Myxogastrida, acellular slime molds (coenocytic plasmodium). These include organisms that are fungus-like heterotrophs and are often brightly pigmented. The feeding stage is a mass while Dictyostelida’s (cellular slime mold) feeding stage is a single haploid cell. The slime molds are probably most related to amoeboid protists. Note the illustrations in the photographic atlas. 

The Candidate Kingdom Stramenopila, another monophyletic group, includes diatoms possessing silica shells that overlap. The Bacillariophyta produce oil, which promotes buoyancy, and contain a number of pigments. They are used in production of filters and in polishing agents. Obtain a prepared slide of diatoms and draw representatives. These organisms, along with many others have been used in forensic science to establish locations as the kinds and numbers tend to be fingerprints of aquatic environs. 
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Stramenopila also includes golden algae, Chrysophyta, which are biflagellates, freshwater and colonial. Examples may not be available in the laboratory. Brown algae, Phaeophyta, is also a member of this candidate kingdom. Phaeophyta, are the largest algae. The pigment fucoxanthin produces the brown color. Examples are seaweeds such as Fucus and Sargassum. The basic structure of the algal body is holdfast (root-like structure), stipe (stem) and blade (leaf-like structure.) Extracts of algin, a polysaccharide in the cell wall, are used as thickening agents in food preparation. Examine the examples of brown algae available in the laboratory. Sketch representatives. 

Rhodophyta, another candidate kingdom, includes red algae, which survive in deeper water than other algae due to the presence of the pigments phycocyanin and phycoerythrin. These pigments absorb EMR in the green and blue wavelengths. The substance, agar, used in the culture of microbes is obtained from the wall of the red algae. Another extract, carageenan, is used to thicken ice creams, puddings and soups. Red algae are used as wrapping for Sushi. Porphyra is available in the classroom for observation. 
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The green algae, Chlorophyta, are not clearly classified as Rhodophyta or Plantae. Green algae are generally found in most fresh-water environs. They include unicellular (motile and non-motile) as well as colonial and filamentous forms. Some members form symbiotic relationships in lichens and are thought to be the ancestors of green plants due to similar biochemistry. Examples of Chlorophyta include: Ulva, Spirogyra, Chlamydomonas, Chara, Volvox. Examine the prepared slides as well as fresh cultures of the above green algae. Draw representatives. 

Seaweed includes alga from Phaeophyta, Rhodophyta, and Chlorophyta. Specialized structures exist: the thallus (body), holdfast (rootlike) and blade (leaflike.) Cell walls of cellulose and gel-forming polysaccharides sometimes with calcium carbonate make them unpalatable but sturdy for intertidal zones. Uses include thickener in foods (algin, agar and carageenan), lubricants, and in microbiological culture medium. 

Recent revelations concerning the biochemistry of these protists have given cause for reclassification. Many similarities exist between green algae and plants. These will be discussed later. While frustration exists concerning taxonomy in this incredibly diverse group, more information becomes available daily, allowing us the opportunity to reexamine phylogenetic relationships. 
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Laboratory Questions 

1. The ancestors of protists were the first to have organelles and structures such as: 

2. Where are protists found? 

3. List protists that photosynthesize. 

4. List protists that resemble absorptive heterotrophs. 

5. List protists that are nourished via ingestion. 

6. Give examples of and distinguishing characteristics of: 

a. Euglenoids: 

Euglenophyta- 

Kinetoplastids- 

b. Alveolata: 

Dinoflaggelata- 

Apicomplexa- 

Ciliophora- 

7. Stramenopilia: 

Bacillariophyta (diatoms)- 
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Chrysophyta (golden algae)- 

Phaeophyta- 

8. Rhodophyta (red algae)- 

9. Chlorophyta (green algae)- 

Classification of these related protists is related but unclear. 

10. Rhizopoda- 

11. Foraminifera- 

12. Actinopoda- 

13. Describe the general structure of a sea-weed. 
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