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Topic #1:  Introduction

REQUIREMENTS:  Powerpoint Presentations.

Objectives

 1.  Define taxonomy.  

 2.  What are morphological features?  What are possible weaknesses of using them exclusively for taxonomic purposes?  Name other features used by taxonomists.

 3.  A binomial comprises which two elements?  Which element is most likely to be descriptive?  Which, used alone, would most meaningfully convey the organism’s characteristics?  Identify other components of the scientific name.  Who was Linnaeus?  Describe his major contributions.  Who was Theophrastus?  Write an essay on medicinal plants.

 4.  Briefly, what is the cell theory?  . . . evolutionary theory?

 5.  In the Five-King System, which kingdom(s) include(s) all prokaryotic organisms?  . . . same question, except Six-Kingdom System.  Name the other kingdoms.  Briefly, list characteristics that distinguish them (hint:  mode of nutrition, motility, complexity).  How many species of organisms are estimated to exist?  Discuss the range of estimates for plants, fungi, prokaryotes.  Outline the difficulties of classifying all organisms.

 6.  When did photosynthetic organisms first appear on earth?  Contrast this interval with the period that encompasses man’s history; . . . with the age of the universe.  (See Class Policy).

 7.  Drawing from your own experience if possible, give an example of a confusion that has resulted from the use of common names to identify organisms.

 8.  Outline the major schemes used to classify organisms.  What prompted each’s development?  (This objective will be expanded in subsequent lectures as the Tree of Life is introduced.)

 9.  Using maize as an example, illustrate hierarchical classification.

10.  Discuss phylogenetic relationships of angiosperms.

Lecture

How does one determine evolutionary relationships and express those relationships in a classification scheme?  The simplicity of this question belies the complexity of the topic.  As a starting point, let us consider the number of organisms on Earth.

POWERPOINT SLIDES
, 
:  Number of described species and estimates of species numbers.  (Science 269: 347).

An important point to take from this slide is the sheer number of organisms.  A look at the terrestrial flora, the focus of this course, reveals that ca. 250,000 species have been described.  In the context of this slide (which, note, is on a log scale), this set of experts estimates that relatively few more terrestrial plants will be discovered.  Higher plants (an imprecise term usually used to describe plants that produce seeds) currently number about 250,000, and a final tally might be higher
.  This slide shows, however, that only a small portion of fungi have been described (ca. 100,000), and the authors from whom these data were taken estimate that the final total number of fungal species will reach 1,500,000.  (A more conservative estimate from a different current source is that the total number of fungi will number only 300,000, but the take‑home message is still the same:  a whole lot of fungal species are already known, and the total number is still much higher.)  Fewer than 1,000,000 algae (an imprecise term used to describe photosynthetic organisms that evolve oxygen and are less complex than plants) have been described, but the actual number is estimated to exceed 10,000,000 considerably.  Overall, the total number of organisms is estimated to be about 100,000,000 (by these authors
) and most of these organisms are arthropods (including insects).  It would be a daunting task to gain even a rudimentary knowledge of such a number of species. 
  

Having taken a glimpse at the overall picture, let us now turn to the solution of classification of one subset of organisms.  For example, biologists who specialize in classifying organisms consider “Spanish moss”—the so-called “moss” you see hanging from trees in the U.S. Southeast —to be closely related to the pineapple.

POWERPOINT SLIDE:  Pineapple field (Oahu, Hawai’i).

POWERPOINT SLIDE:  Various Tillandsia, including “Spanish moss” (from the Duke University Botanical Garden).  (The pineapple is not related to pines or apples; Spanish moss is not a moss; pineapple and Spanish moss are both bromeliads.) 

You can therefore see that gross body features are not always reliable indications of evolutionary lineage.  Taxonomists (taxis ( arrangement, nomos ( law) are scientists who specialize in taxonomy, the science of classification.  These scientists are often professionals (e.g., university professors such as the late Dr. Robert Godfrey, formerly of FSU, or Dr. Loran Anderson, an FSU professor emeritus), but many contributions also come from amateurs (but not novices!) such as Angus Gholson from Chattahoochee.

POWERPOINT SLIDE:  Angus Gholson (outside his herbarium in Chattahoochee, Florida).

Taxonomists base their classification on evolution, which is the derivation of progressively more complex forms of life from simple ancestors
.  Gross morphological features such as leaf shape are but one of several lines of evidence used by taxonomists.  As I mentioned in the comparison of two related species (pineapple and Spanish moss), these gross morphological features are often misleading.  To drive the point home (“Redundancy is the mother of learning!”), I will show you also that, as an example, leaf shape can be quite variable even on one individual plant.

POWERPOINT SLIDE:  Leaves of sassafras
 (Sassafras albidum) showing variable leaf shape within a single plant (north Leon County, Florida).  The subtext for this slide is that morphology is variable, that plants have value as a flavoring, that plants have value as medicinals, that not all natural things are safe, and that, of course, plants are interesting!

It is also important to bear in mind—as we will discuss in more detail in the unit on Fungi—that a single species may appear to be quite different depending on the environment or selection pressures.  As an example, Brassica oleracea has been domesticated to produce a number of different vegetables including cabbage, kale, kohlrabi, Brussels sprouts, cauliflower, and broccoli.

POWERPOINT SLIDE:  Several vegetables, all members of one species (Brassica oleracea).

Other criteria used for classification include (A) method of reproduction (e.g., production of seeds), (B) anatomical features (i.e., arrangement of tissue systems), (C) chemical composition (e.g., presence or absence of chl b), and (D) similarity in the genetic material (DNA).  During this course, we will discuss how these and other attributes are used to classify organisms.  These other features have been found to be more constant and less dependent on environment than morphological features are, and the degrees of similarity and of difference in them are good measures of relatedness.  Before proceeding further, let us look at the family tree of corn, which is a means of reviewing the hierarchical nature of biological classification, and of providing concrete examples of traits used to categorize plants:

POWERPOINT SLIDE:  Dichotomous key (general).  Please note the general two-way, or dichotomous, branching system.

POWERPOINT SLIDE:  The classification of corn (Zea mays) under the hierarchical system from kingdom to species   (Fig. 1-11 of Berg).

Notice how much you know about an organism when you know its place in the system.  The descriptions in the following table do not define the various categories but tell you something about their characteristics.  (This table, adapted from your textbook, Raven et al., essentially recaps the graphics in the preceding slide.  As noted here, but applied throughout, textbook resources are sometimes used and therefore your use of these notes is predicated on the assumption that you have purchased a copy of the textbook.)


CORN

	Category          
	Name 
	

	
	
	

	Kingdom
	Plantae
	Eukaryotic photoautotrophs that are similar to, but more complex than, green algae.  Sexual reproduction by alternation of haploid and diploid generations and internal development of zygote (( embryo).


	Division
	Tracheophyta
	Plants that have water‑conducting pipes composed of dead columnar cells and nutrient‑conducting pipes composed of living, but enucleate, cells.


	Subdivision
	Spermatophytina
	Vascular plants in which the female gametophyte is retained on the maternal sporophyte generation, allowing seed formation.


	Class
	Angiospermae
	Seed plants with flowers, fruits, and enclosed seeds.


	Subclass
	Monocotyledoneae
	Angiosperms with a single cotyledon (“seed leaf”), flower parts in 3’s.


	Order
	Commelinales
	Monocots with fibrous leaves, characterized by reduction and fusion in flower parts.


	Family
	Poaceae
	The grasses.


	Genus
	Zea
	Robust grasses with separate “male” and “female” flower clusters and fleshy caryopses.


	Species
	Zea mays
	Corn (aka maize).


“Corn” is another good example of how misleading common names can be.  “Corn” actually means “small grain”—hence “corned” beef refers to the grains of salt used in its preparation—and, in England, specifically to wheat
.

POWERPOINT SLIDE:  An expansion of phylogenetic relationships among angiosperms. (source on slide)

POWERPOINT SLIDE:  Maize (corn to Americans) (north Leon County, Florida).

Maize was domesticated in the Americas about 5,000 B.C.E. in Mexico; it originated from a wild grass, teosinte
.

POWERPOINT SLIDE:  Teosinte (Duke University Botanical Garden)

POWERPOINT SLIDE:  Maize is more than food (Deep Woods, Deep South) 

POWERPOINT SLIDE:  Wheat
 (corn to British
) (site of Pickett’s charge at Gettysburg, Pennsylvania).

Because there are as many as 100 million different kinds of organisms (and, as examples, only about 500,000 words in English and 350,000 in German), finding unique names is a definite problem, and the confusion would be enormous if each organism did not have a unique name.  The idea of using Latin names arose during medieval times, when Latin was the language of scholarship
.  As the system developed, organisms were first grouped into genera (singular = genus) and then identified by various descriptive names.  The modern system—the use of a unique binomial (= double name) for each organism—was a result of work by the Swede Linnaeus.

POWERPOINT SLIDE:  Linnaeus.

Linnaeus’ father, Nils Ingemarsson, adopted the Latin surname Linnaeus when he was a university student, as was then common practice.  The patronymic was Latinized from a particular linden tree, which is an esteemed species in Europe (hence, Lindenstraße in Berlin).  The individual tree from which Linnaeus’ father took his name was legendary; it was believed that ill fortune would befall those who damaged it.  One branch of Linnaeus’ family adopted the surname Lindelius, and another Tiliander (Tilia is Latin for linden tree).  In addition to the Latinized version of his name, Linnaeus was also known as Linné.  He himself signed his name Carolus Linnaeus Smolander; the province from which he came was Smoland.

POWERPOINT SLIDE:  Theophrastus
 (The Father of Botany)

In Linnaeus’ time (1707–1778) botany was a branch of medicine.  (Later, I will briefly discuss the relationship between botany and medicine.)  Indeed, Linnaeus was trained as a physician and secured a professorship at the University of Uppsala.  He attracted a large number of students, who traveled to many parts of the world for specimens.

Linnaeus was a prolific author, producing 180 books.  Although he had published earlier on botanical nomenclature, his 1753 book Species Plantarum (“kinds of plants”) is often considered a starting point.  This book described 7,300 species, all of which Linnaeus himself had examined and had placed in his herbarium (“knowledge of plants”).  It does not diminish Linnaeus’ contributions to recognize that he was not the first, or even the first European, to describe plants formally.  For example, Tournefort published in 1700 a three-volume set (Institutiones Rei Herbariae) that described 10,000 plants (i.e., more than Linnaeus described 50 years later, but only a tiny fraction of those described today).  As mentioned earlier, the concept of genus is not original to Linnaeus, although use of “genus” was accepted because of Linnaeus.  Linnaeus brought order and simplicity.  The previous descriptions of plants were confused.  Tournefort, as an example again, categorized plants on the basis of such characters as being woody or not, having petals or not, and so forth.  These arbitrary categories clumped plants we now know to be dissimilar and separated plants we now know to be related.  Linnaeus, unlike many of his predecessors,
 accepted sexuality in plants as fact (a point we will discuss extensively later).  He based much of his classification on flower parts (e.g., number of stamens, the structures from which pollen is released).  By using floral morphology, he immediately brought together many related species.  Thus he placed tomato and potato together in the same genus; although modern treatment now puts them in different genera (Lycopersicum and Solanum, respectively), they are in the same family (the deadly nightshades
).  The important message is that the scientific name of a plant
 will immediately tell a person familiar with the system much about that plant.  As we will also discuss later, floral morphology is still one of the most basic methods used to classify flowering plants.  Linnaeus’ second great contribution, simplicity, was almost an accidental byproduct.

POWERPOINT SLIDE:  Container-grown potatoes
 (Victory Garden—South) and “Caged” tomatoes (north Leon County, Florida)

Before Linnaeus, there were no uniform, accepted, short names for plants.  As an example, two of his predecessors (Gronovius and Royen) used a long descriptive Latin name for catnip:


Genus        Description          (= catnip)


Nepeta       floribus interrupte spicates pedunculatis

(mint)       (flowers in an interrupted pedunculate spike)

Linnaeus accepted this name, but out in the margin, he listed a shorthand name, a binomial
, in this case


Nepeta cataria

(mint) (cat-associated)

(Several others and even Linnaeus himself had used this two-part nomenclature before 1753, but the generality is that his 1753 book established the binomial naming of plants, as did his subsequent book for animals.)  Before long, the convenience of the shorthand name was obvious, and this two-name system was soon adopted and is in use today.  The binomial of each organism is unique; thus, Zea mays refers to one species, the most definite unit of classification.  Many Linnaean genera and species have survived two centuries of study, but the higher groups (class, order) have been entirely reworked.

Clearly the most useful names, rather than simply being arbitrary, would be descriptive and would immediately provide information about the organism to an expert in the field.  The Latin binomial does both—the genus name reveals that organism’s place in relation to all other organisms, thus immediately providing (to someone who knows the system) all the information given above for corn, and both the genus and the species name are commonly descriptive.

As an example, throughout the world, there are 500–600 different species of oaks, all of which share the genus name Quercus.  Therefore, when one scientist says “Quercus,” another immediately knows a great deal about the plant.  When the second part, the “specific epithet,” is added, more descriptive information is available:


     Quercus alba    white oak    (alba means “white”)


     Quercus rubra   red oak      (rubra means “red”)


     Quercus suber   cork oak
     (suber means “of cork”)

POWERPOINT SLIDE:  Harvesting cork from cork oak in Portugal (taken from a picture in southern France) and slabs of cork (taken from a picture in southern France).


     Quercus dumosa  scrub oak    (dumosa means “of brambles”)

Sometimes, the specific epithet does not describe the plant itself, but instead describes something related; e.g., Quercus oglethorpensis is the name of an oak tree first found in Oglethorpe County, GA (the county is named after the European founder of Georgia).  The specific epithet may also be directly complimentary (e.g., the western sand cherry was named Prunus besseyi in 1894 by L. H. Bailey as a compliment to his teacher, Charles E. Bessey).  Finally, the specific epithet can be used to indicate relationships with other organisms (e.g., to consider corn, Zea mays:  Helicoverpa zea is the corn earworm; Bipolaris maydis (= Helminthosporium maydis) is the pathogen that causes corn blight; and Phyllosticta maydis is another fungal pathogen of maize).

Within a single discussion the genus name may be shortened to a single letter, e.g., Q. alba,
 after the first use if no confusion results.  Finally, an appendage to the binomial name that is sometimes used and sometimes not is the name of the person who first “described” the species (that is the one who first published a description and assigned the binomial).

POWERPOINT SLIDE:  Quercus oglethorpensis Duncan (Wilber Duncan, a plant taxonomist at the University of Georgia).  Formally speaking, “Duncan” is the “authority” for this binomial and Wilbur Duncan.

A species may include distinct populations that may be natural (“ecotypes”) or be created and maintained by human intervention (e.g., the breeds of dogs).  This additional information can be added onto the Latin binomial.  Thus, we describe our primary research plant as Vicia faba L. cv Longpod, where “L.” stands for Linneaus and “cv” stands for cultivated variety.  Of course, you are accustomed to recognizing and using these stable differences—you might select Red Delicious apples or Belle of Georgia peaches
 at the grocery.

For the moment, we are going to beg an obvious question, “What is a species?”  In other words, if I present you with two plants, what are the criteria that you would use to decide whether they are the same or different?  At the moment, just consider a species a population whose members do not interbreed with other populations.  Obviously, such a definition could not be applied to extinct organisms or to asexual organisms.  (On the lighter side, one biologist quipped that a species is what a competent biologist says it is.  This statement implies that some intuition is involved in distinguishing species.)

Before we leave the description of botanical nomenclature, I want to make two small explanatory digressions.  The first is that botany is not now and has never been simply a European science.  Obviously, all cultures have had an interest in plants for many reasons in addition to food, fiber, and shelter.  Many early botanists needed to be able to recognize plants for their medicinal properties.  As an example, Li Shi Zhen (Ming Dynasty, 1368–1644) was a predecessor and counterpart of Linnaeus.

POWERPOINT SLIDE:  Li Shi Zhen (National Herbarium, Beijing; statue of Darwin is in the background).
Until about 1950, almost all pharmaceutical research relied heavily on vascular plants
 as sources of medicine.  Consider this “letter” (a general way of communicating science of the day), written in 1763 to the Royal Society (London) by one Rev. Edmund Stone:
     “There is the bark of an English tree, which I found by experience to be a powerful astringent, and very efficacious in curing aguish and intermitting disorders.”

The tree he referred to was willow.

POWERPOINT SLIDE:  Willow (north Leon County, Florida).

German and French chemists isolated the active principle—bitter-tasting, yellow, needle-like crystals—in the 1820–30’s.  A hydrolytic product of this compound and its derivatives are still under intensive investigation—they inhibit ion transport, activate heat-shock proteins, derail ATP synthesis, prevent the activation of cells that mediate the first stages of acute inflammation, induce flowering, and the list goes on . . . .  The most common name of the product we use comes from its extraction from meadowsweet, in the genus Spirea, and was given the name “spirsaure” or “acid from Spirea.”  A common derivative, the acetyl form (“a-”) is called

POWERPOINT SLIDE:  Spirea with medicine (north Leon County, Florida).

a‑spir‑in or aspirin.  The compound from willow was named salicin (from Salix, the genus of willow).  Hydrolysis of salicin yields salicylic acid.  Thus, we also know aspirin as acetyl salicylic acid.  Similar and more modern accounts
 are found in many cultures:  the antihypertensive drug reserpine (from Indian snakeroot) was “discovered” by analysis of traditional (“ayurvedic”) treatments  used in India.  

POWERPOINT SLIDE:  Collection of East Indian ayurvedic medicines (U.S. Botanical Garden, Washington, D.C.)

By investigating a folk remedy (roots of Curcuma comosa) used by Thai healers, Merck (a drug company) “discovered” a drug that kills parasitic worms in the stomach.  The National Cancer Institute isolated prostratin—a possible treatment for HIV—from a Samoan plant used by healers there for yellow fever (also a viral disease).

You now have a broad overall view of the classification of organisms—i.e., you have been shown the overall goal—but to make sense, overall maps must have orientation and scale, which I will now attempt to provide.

As I briefly mentioned earlier, there emerged in the 19th century two grand unifying concepts.  One, the cell theory
, holds that even the most diverse organisms are remarkably similar, and the other, the evolutionary theory, holds that the extent of similarity provides us with a glimpse of evolutionary history.
.

We now know that, at face value and in its simplest formulation, the cell theory fails to include such “organisms” as viruses, but it nevertheless provides us with a good starting point.  In fact, organisms may be put into one or another of two great classifications based on cell features.  Thus, let us look at the architecture of a “typical” plant cell.

POWERPOINT SLIDES:  Evolution of classification schemes.

Use the Powerpoint slides to follow the development 

of phylogenetic systems, including the ones most in use today.
In the beginning, there were three major taxonomic groups:  plants, animals, and minerals.  Classical university organization is based along these lines (i.e., the geology department studies minerals, the department of zoology studies animals, and all other living things are lumped together under the botany department).  Leaping ahead (to about the 1960’s), this simple system was recognized as inadequate, and until about 1990, the five-kingdom (Whittaker) system was generally accepted as sufficient (although the “splitters” would call for up to 20 kingdoms
): 

A.
Prokaryotes, which have cells that lack nuclei.  Such cells are called prokaryotic (pro ( before; karyon ( kernel or nucleus).


1.
Monera.  As we will discuss later, prokaryotic cells differ from eukaryotic cells in many ways (e.g., organization of DNA, amount of DNA, chemical composition of cell walls, chemical composition of membrane lipids).  In brief, prokaryotes have bacterial‑like cell architecture; all other organisms are eukaryotic.

B.
Eukaryotes, which have cells with membrane-bound nuclei (eu ( true).  


2.
Protista—simple eukaryotes such as algae.  Sometimes, the Protista are referred to as the “grab-bag” kingdom, a somewhat artificial grouping of eukaryotes that do not fit into the other kingdoms.


3.
Fungi—chitinous-walled, filamentous organisms such as bread mold and mushrooms.  Their mode of nutrition is absorption.


4.
Animalia—complex ingestive eukaryotes, the embryos of which undergo characteristic stages of development.


5.
Plantae—complex photosynthetic organisms that are the dominant feature of Earth’s bioscape.

As we learn more, some old rules stand (e.g., the difference between prokaryotes and eukaryotes is very, very fundamental, and there are no prokaryote‑eukaryote intermediates
), and some fall (e.g., earlier, we believed that introns were a ubiquitous feature of eukaryotic genomes but were absent in those of prokaryotes).  More knowledge has led to the recognition that the prokaryotes should be divided into two very, very different taxa and that the slime molds are sufficiently different that they should be separated from other eukaryotes:  


A.  Superkingdom Prokaryota



1.  Kingdom Eubacteria 



2.  Kingdom Archaebacteria


B.  Superkingdom Eukaryota



3.  Kingdom Protista



4.  Kingdom for Slime Molds



5.  Kingdom Fungi



6.  Kingdom Animalia



7. Kingdom Plantae


Finally, many current authors believe that the differences between eubacteria and archaebacteria are as fundamental as those are between prokaryotes and eukaryotes.  This belief is embodied in a proposed revision of all organisms into three kingdoms (or superkingdoms or domains), i.e.:


A.  Archaebacteria


B.  Eubacteria


C.  Eukaryotes


Later in the course, we will return to discuss differences between the first two categories. 


Some parting advice:  Be flexible.  Do not get too hung up on names (sometimes “prokaryote” is spelled “procaryote,” and Prokaryota can appear as Prokarya or Prokaryotae; Fungi is also Mychota or Mycota . . .).  Do not quibble with the hierarchical nomenclature (e.g., what is generally called a division in botany is a phylum in zoology).  . . . and, don’t despair—after we study various aspects of flowering plants for the first half of the semester, we will focus in more depth on evolutionary aspects of nonanimal organisms.  At that time, I will discuss a Tree of Life on which great progress is being made because of the speed at which molecular data are being assembled.

POWERPOINT SLIDE:  Corn bundle sheath cell (Fig. 1.2e of Starr & Taggart)  (Briefly point out organelles)

Appendix I:  "Foreign" Scientific Terms

The plurals of many scientific terms derived from Latin and Greek words are not formed by simple addition of "s," so they are called irregular in English, but many were regular plurals in their languages of origin and thus follow recognizable patterns even in English.  The most frequent patterns are the three that correspond to the Latin masculine, feminine, and neuter genders:

masculine—alumnus, alumni; syllabus, syllabi; focus, foci

feminine—alumna, alumnae; larva, larvae; formula, formulae

neuter—medium, media; spectrum, spectra; bacterium, bacteria

Others, less frequent but still regular, originate from other patterns in Latin or from other languages.  For example:

stoma, stomata


index, indices


genus, genera

stigma, stigmata


appendix, appendices

corpus, corpora







matrix, matrices


opus, opera 

taxon, taxa




criterion, criteria


basis, bases 







crisis, crises







hypothesis, hypotheses







thesis, theses

Unfortunately, one cannot tell, just by looking, which group a word belongs in—for example, "larva" is a singular and not the plural of "larvum," and the plural of "octopus" is "octopuses," not "octopi" (because "-pus" is the Greek root for "foot" and not an example of the Latin masculine "-us" ending).  To be certain, check your dictionary.

In addition, within Latin phrases, word endings often reflect grammatical roles.  For example, the Latin word for "glass" is vitrum, but the "-o" ending in "in vitro" shows that vitro is the object of "in."  In another example, in Latin binomials, the species name must usually agree in gender with the genus (hence Pisum sativum but Oryza sativa), but there are exceptions and tricky cases (e.g., Quercus alba), so check a reliable reference.
� Slides that are simply involved in lecture organization (e.g., outline and progress of lecture) and some that simply repeat the text are not shown.  The complete Powerpoint Presentations for all topics are available to students currently registered in the course.


� When the source of the graphical material is not referenced in the text, it is referenced on the graphic itself unless it is original material, as is often the case, or it is drawn from the textbook, Raven et al.


� “Worldwide, scientists estimate that 50,000 species of plants—one in 6—still await discovery.  In the United States alone, one in twenty remains to be scientifically described.”  (For more information, see the website of the Missouri Botanical Garden (one of the premier research institutes on plant conservation and systematics � HYPERLINK "http://www.mobot.org/MOBOT/Research/unseengarden/unseengarden1.shtml" ��http://www.mobot.org/MOBOT/Research/unseengarden/unseengarden1.shtml�).


� As a means of emphasizing the uncertainty concerning the total number of species that exist, I quote from Margulis (Biosystems 27: 39-51 (1992)):  “30 x 106 is the preferred value (for the number of species on Earth).  Since fewer than 300,000 or more than 3 billion species are highly unlikely, one concludes that the number of extant species is unknown to probably a factor of 100.”  In a special issue of Science (Vol. 300, 2003), the lower limit was placed at 4 x 106.   Jeff McNeely (chief scientist at the World Conservation Union, Mar 2006):  ". . . if you took a poll of biologists, I think most would say there are somewhere around 15 million."   David Raup in his book "Extinction: Bad Genes or Bad Luck?” 1991:   . . . somewhere between 5 and 50 billion species have existed at one time or another."


� As you know, extinction is currently occurring at a high rate in some locales.  As an example, Hawaii had 980 native plants; 84 of these are extinct, and wild populations of fewer than 100 specimens each represent 133 species.


�  This is a good way to start to think about evolution, but evolution also can result in the loss of function and features.


� A 1577 translation of a 1574 document:  “The Spaniards did begin to cure themselves with the water of this tree and it did in them greate effectes, that it is almost incredible:  for with the naughtie meates and drinkyng of the rawe waters, and slepying in the dews, the most parte of them came to fall into continuall Agues. . . .Thei took up the roote of this Tree and tooke a peece thereof suche as it seemed to theim beste, thei cutte it small into verie thinne and litte peeces and cast them into water at discretion, little more or less, and their sodde it the tyme that seemed nedefull for to remaine of a good colour, and so thei dranke it in the mornyng fastyng and in the daie tyme and at dinner and supper, without keeyng any more waight or measure than I have saied. . .theie were healed of so many griefes and evill diseases, that to heare of them what their suffred and how their wre healed it doeth bryng admiration and their which were whole dranke it in place of wine, for it doeth preserve them in healthe . . . “ (from the Uses of Plants (1979) Erichsen-Brown, Breezy Creek Press).


Thus was sassafras tea a common medicinal for hundreds of years following.  As a personal example, my maternal grandfather regularly drank sassafras-infused whiskey for his severe arthritis (or maybe I misjudge—perhaps it was a legitimate means of keeping whiskey under the watchful eye of his Bible�toting wife).  Anyhow, all good things come to an end.  Whereas sassafras root was a commercial commodity, it has recently been recognized as a source of a carcinogen.  Though sassafras root is illegal, one stills sees it being sold from time to time.  Not all is lost, however, as sassafras root extracts devoid of the carcinogenic safrole can be purchased.  Thus, you can still make tea or use the extract for other purposes such as home�made root beer.


The Choctaw Indians developed another use for sassafras, however, and that is in the production of filé from powdered sassafras leaves.  Gumbo, an original creation of south Louisiana kitchens, can be thickened either by okra (“gumbo” is a Congo name for okra) cooked in the “soup” or by filé added after the other components are cooked.  See River Road Recipes, 1959, the Junior League, Baton Rouge, LA. 


� World history and culture are embedded in the names of plants.  Consider corn salad (Valerianella locusta (L.) Betcke).  This trendy green was a weed in English wheat fields and was named accordingly.  Were this plant to be named today in America, it would, of course, be called wheat salad.


� Maize is a major food crop in the world.  On a worldwide basis, it is about equal to rice in production and is, thus, second only to wheat in calories for human consumption.  (Remember:  “White Rice Makes Poor Bread” for wheat, rice, maize, potato, barley, which are, in approximate order, the top food crops in the world.  These five species alone account for about 70% of the total calories consumed by man worldwide.  Note that the top three species are all grasses.)  In the United States, we directly consume a mere 1.4% of corn we grow and save back another 0.2% for seeds.  The bulk of our crop goes to feed animals (about 45%) and a large and predicted�to�grow fraction is for export (17%) as China, a developing country with a huge economy, increases its standard of living.  Corn is used for a large number of purposes, e.g. production of oil, sweeteners (corn syrup is everywhere!!!  Look at food labels.) paper sizing, alcohol fuel, and skin treatments.  It has some other uses, too.  Zein (a kernel protein discovered in 1821) has been used for a variety of coatings (e.g., as a replacement for shellac in formulations for floor coverings; paper for the food industry (think sandwich bags), pharmaceutical tablets; food (like milled rice); fibers (“artificial silk”)); inks; and molded objects (buttons, phonograph records).  For more, see Cereal Science Today 79:  1-18 (2002).  . . ., and in 2004, a fabric for the construction of wearing apparel produced from corn kernel was introduced.


(If one orders plant global production by thousands of metric tons, a slightly different set of plants shows up:  wheat, maize, rice, potatoes, sugar beets, cassava, barley.  This reordering may be due, in part, to different sources, as mentioned elsewhere, but the simplest explanation is that cassava and sugar beets have a high water content relative to barley.)  See Science 277: 1038 for worldwide production figures in the late 90’s.


(As a disclaimer, many of these fun facts have a pretty large range of estimates and of interpretations.  “Actual figures on consumption are erratic, incomplete and sometimes impossible to find.”—Jack Harlan (1995) in The Living Fields, Our Agricultural Heritage, Cambridge University Press.  As an example, Peter White (“Rice, The essential harvest,” National Geographic, May 1994) states, “In short, rice is the world’s number one crop.”  He explained that wheat (560 million metric tons) and maize (530 million metric tons) are fed in part to animals (20% and 65%, respectively, on a worldwide basis) and that most rice (515 million metric tons) is consumed directly, although there are other uses also (“. . . makes Budweiser Budweiser”).)


As implied, maize was unknown in pre-Columbian times outside of the Americas but now it is a crop grown worldwide.  In Eastern North America, the transition from forager to farmer took place about 2,000 B.C.E. and food�based economies in this part of the world emerged at the time of Jesus.  By about 1,000 CE, there was maize-based agriculture in what is now the southeastern United States.  By about 1,880 C.E., Brother W. H. Outlaw was selling another corn�based product without the burden of taxes in south Georgia from his saddlebags on the very grounds where he was Primitive Baptist preacher.  (The rest of the story is that he was appointed to a committee to “wait on” Brother S. W. Watson for drinking too much whiskey.  Subsequently, the church put Brother Watson “in order” and harmony was restored (1907–1908, Minutes of the New Hope Baptist Church, Nashville, GA).  The families overcame this little tiff, as evidenced by three progeny that issued from the union of their grandchildren, one in 1946.


Maize production is phenomenal.  By use of only about 12 hours of labor, we produce about 6,500 kg(ha-1.  The downside is that we use about 125 L fuel, about 750 kg of soil amendments, and various environmentally questionable inputs such as irrigation, pesticides, herbicides, energy for drying, and so forth.  There is some good news, however, in the form of  improved ways to battle the infamous European corn borer.  (The larval phase of this moth, Ostrinia nubilalis, causes about 800 million dollars worth of damage to U.S. corn crops annually.)  First, some corn is resistant, apparently because it has a wheat gene!  Second, the incorporation of a bt gene in corn was announced in the mid 1990’s.  (bt is in the  biotech toolkit; several proteins from particular strains of this organism are toxic to certain insects, but don’t harm other species, like man.  Although biotechnological use of Bacillus thuringiensis is relatively modern, commercial spray formulations were available in the 1930s (Crit Rev Plant Sci 23: 317 (2004).)  (As a related point, currently, more half of the foods in American supermarkets contain genetically modified ingredients.  For a brief overview of the safety and value of genetically modified organisms (GMOs), see the special report in Scientific American Vol 284 (4)).  For current information on a variety of topics on GMOs, visit the FAO (United Nations) website � HYPERLINK "http://www.fao.org/biotech/index.asp" ��http://www.fao.org/biotech/index.asp� .)  For more on genetic transformation of crops for insect resistance, see Crit Rev Plant Sci 23:  47 (2004) and for a series of general articles, see California Agriculture 58 (2) (2004).


	For further reading on the fascinating subject of corn domestication and utilization, see R. E. Rhoades  (1993) “The golden grain.  Corn.”  National Geographic (June); N. D. Vietmeyer  (1979)  “A wild relative may give corn perennial genes.”  Smithsonian (December); B. D. Smith  (1989) “Origins of agriculture in eastern North America.”  Science vol 246;  P. C. Mangelsdorf  (19xx)  “The origin of corn.”  Scientific American  XXX;  M. J.  Chrispeels, D. E.  Sadava  (2002)  Plants, genes, and crop biotechnology.  Jones and Bartlett, Boston.  In addition, an interesting “coffee table” book devoted exclusively to corn’s domestication  is Betty Fussel (1993) The story of corn. Knopf).  Recent general updates are given in Science (2000, 288: 1602) and Economic Botany  (2001, 55:  492).


�Wheat was one of the first plants domesticated (7,000 to 17,000 years ago, depending on who is counting).  It occupies about 20% of the world’s cropland, and the yield is a staggering 500 million metric tons per year.  (On average, that is about 200 pounds per person per year!)  Most, 90%, is grown in the Northern Hemisphere.  


	Like many plants, wheat is complicated genetically, and there is still some argument concerning its exact parentage.  The sporophtye is a hexaploid (i.e., the organism has 6N chromosomes, and not the prototypical 2N).  Wheat has several ancestors, including two primitive types of wheat (Einkorn and Emmer) and a wild relative, goatgrass, which we believe gave it the genes that confer drought hardiness (but see uncertainties above).  Modern wheat, as you might expect, comes in several types.  E.g., durum wheat is used for pasta.  (Production of this wheat is the U.S. Southwest has to be monitored for Karnal blunt (a fungal disease named after a town in India), which prevented the export of some of the grain in 1997–1998 to countries that were not infested with the causative fungus.)  In short, at the moment, about 200 cultivated varieties of wheat are grown in the U.S.


Among the special attributes of wheat is the presence of gluten (sometimes, glutenin) in the flour.  Gluten is a mixture of proteins that gives dough cohesiveness and elasticity.  (Indeed, the word “gluten” is derived from English, in turn, from French, “originally” from Latin for the word meaning “glue.”  Thus, it is not, as you might speculate, related to gluttony “to eat heartily”).  Gluten makes it possible to bake leavened bread; without gluten, the air bubbles trapped in the dough would escape and the dough would collapse.  Usually, the air bubbles are CO2 (from yeast metabolism or acidification of HNaCO3 or Na2CO3), but air itself can be whipped into the flour product.  In some cases, other proteins, e.g., from egg white, are used also.  In summary, only wheat has sufficient gluten to be used alone for leavened bread.  Rye flour can also be made into leavened bread (e.g. pumpernickel), but usually it is mixed with wheat.  Some sources do say that rye has a limited amount of gluten (Hodgson Mill, Inc., PO Box 430, Teutopolis, IL), but Langer and Hill (R. H. M. Langer, G. D. Hill  (1991) Agricultural Plants (2d ed), Cambridge University Press) indicate that rye has pentosans that give the dough the properties suitable for baking.  As an incidental point, rye has a relatively high concentration of lysine, an essential amino acid that is usually at low concentrations in cereals.


Domestication is an accelerated form of evolution.  Several characteristics that confer fitness to a wild plant are disadvantageous in an agronomic situation.  Examples of changes in characteristics are (1) loss of seed dispersal mechanisms (corn kernels and wheat grains do not fall from the plant at maturity), (2) loss of dormancy (cultivated plants usually do not have a special germination requirement, such as a cold treatment or seed coat abrasion; they “all” come up when planted, unlike wild plants, which have a staggered germination), (3) conversion of a perennial to an annual growth form (examples are rice, rye, and cassava), (4) loss of fruit production (examples are sweet potato (a member of the morning glory family) and the unrelated “Irish” potato (in the deadly nightshade family, which also includes tobacco, tomato, green pepper, eggplant)), (5) loss of seed production (examples include certain types of citrus), and (6) increase in size of the economic part (e.g., seeds in beans, fruit in squash, or storage organs in cassava and carrot).  Domestication can alter the whole growth form of the plant:  cabbage, broccoli, cauliflower, rape, Brussels sprouts, and kohlrabi are all different types of one species, Brassica oleracea.  Look at these words and you see the richness of culture blended in with plant domestication.  “Brassica” and “cauli” mean cabbage in Latin.  Then you see variants (kohl (= cabbage in German) + rabi (turnip)).  Cole slaw and collards (= colewort) have the same derivation, but broccoli does not; it comes from a word meaning “spike.”


To continue reading on this subject, see Chrispeels and Sadava (cited above); F. Wendorf et al.  (1982)  “An ancient harvest on the Nile,”  Science 82 (November); R. M. Klein  (1987)  The Green World.  An Introduction to Plants and People.  Harper and Row, New York; J. Brody  (1985)  Good food cookbook.  W. W. Norton, New York.


�As a means of emphasizing the ambiguities that arise from the use of common words, I note that the word “corn” is found in the Bible 71 times, but, as mentioned previously, maize did not grow in that part of the world then.  (Avena sativa, oats, is also referred to, but probably did not grow there then either.)  Probably the “corn” of the Bible was specifically wheat (Triticum aestivum) because it was the most important cereal, but it also may have been used generically as described in the text.  Want to do some fun reading?  See H. N. Moldenke and A. L. Moldenke  (1952)  Plants of the Bible.  Chronica Botanica, Walthamm MA.


�As an example, Richard De Ledrede, Bishop of Ossory, begins A Contemporary Narrative of the Proceeding against Dame Alice Kyteler, Prosecuted for Sorcery in 1324, in Kilkinney, Ireland, "Visitante venerabili patre fratre Ricardo episcopo Ossoriensi suam diocesim, invenit per inquisitionem solemnem, in qua erant quinque milites et alii nobiles in magna multitudine, quod in civitate Kilkenniæ erant a magnis temporibus et adhuc sunt hæretici sortilegæ quamplures, diversis utentes sortilegiis, quæ sapiebant diversas hæreses, ad quorum investigationem procedens episcopus prout ex officii (debi) to tenebatur, invenit quandam dominam divitem, quæ vocatur domina Alicia Kyteler, matrem Willelmi Outlawe, cum suis multis sodalibus, hæresibus variis irretitam."  This introductory sentence translates (thanks to Dr. William M. Outlaw) to "Following a visit to his own diocese in Ossoriensis, the venerable Brother and Father Richard arrived at the solemn inquisition, where there were five soldiers and many other nobles in a large crowd.  For a considerable time, there had been a large number of heretical witches in Kilkenny.  These witches know and use various kinds of witchcraft and Richard had come to the investigation as part of his official duties.  He came upon a certain mistress of the art who was called Alicia Kyteler, the mother of William Outlaw, who, along with many of her associates, were accused of various charges of heresy, . . . ”  The “hero of our story” (according to Thomas Wright, Camden Society, 1843), William Outlawe (= Outlaw, Utlaw), was a banker, as was his father William Outlaw (Kyteler’s first of four husbands).  The first born in the third generation, a male, had the same name, as do some of our own contemporaries.


	Even today, it is required that newly recognized species be described in Latin.  As an example, you may consult a paper “Boltonia apalachicolensis (Asteraceae):  a new species from Florida.”  (1987)  Systematic Botany 12:133-138 by Dr. Loran C. Anderson, an FSU professor emeritus.


�Theophrastus (371?–287 B.C.E.?) was no sluggard.  He inherited Aristotle’s botanical garden in Athens and the associated library.  He had about 2,000 disciples and wrote 200 treatises.  In his History of Plants and Theoretical Botany, he mentions plant diseases such as mildews and rusts and even caprification of figs!  As an aside, sadly, caprification was not accepted wholly until the turn of the 20th century.  We have that inestimable plantsman, W. T. Swingle, to thank.  Honestly, I have to be careful not to get off the point because I’d love to chat with you about W.T., or about figs, or about both.  If you’d like to get to know W.T. a little better, check out David Fairchild’s book, The World Was my Garden.


�As you may note from reading this passage from The Anatomy of Plants (Nehemiah Grew, 1682), plant sex was appreciated before Linneaus was born:  “The blade (or stamen) does not unaptly resemble a small penis, with the sheath upon it, as its preaputium (prepuce).  And . . . several thecae (sacks), are like so many small testicles.  And the globulets (pollen) and other small particles upon the blade or penis . . . are as the vegetable sperme, which as soon as the penis is erected, falls upon the seed-case or womb, and so touches it with prolific virtue.”  But, there were also antisexualists.  Siegesbeck, a St. Petersburg professor, criticized Linneaus:  What man could believe that God Almighty would introduce such “loathsome harlotry” into the plant kingdom?  Other writers claimed “Linnaeus’ metaphors were so indelicate as to exceed the most obscene romance-writer” and “Linnean botany is enough to shock female modesty.”  Tsk, tsk.


�Those marvelous nightshades!  Peppers in wondrous variety.  Tomatoes of every description.  Eggplants:  huge, fingerlings, white, purple, black.  Potatoes galore:  baking, boiling, frying, in colors and sizes to satisfy the most discriminating consumer.  . . . and let’s be certain not to forget tobacco.  I’ve done all that can be done with tobacco from planting beds, transplanting, cropping by hand and mechanically, suckering, transporting sleds, handing, stringing, driving a harvester, unstringing, hanging, and, finally, supervising a labor crew to ship it out of south Georgia.  And I measured allotments (“surveyed” land) of tobacco for the Agricultural Conservation and Stabilization Service (a precursor to the Farm Services Agency), as a hired hand at 10 and later as a crew chief at 20.  I have smoked cigarettes, dipped snuff, chewed tobacco, smoked a pipe, and smoked cigars of various sizes, some of my own making.  I have felt toes and lips tingle, lungs fill full, and the tranquility when the nicotine works on my dopamine�releasing neurons (Science 263: 1555).  Bravo for tobacco!  A gift of the Native Americans.  A source of income (From the Business Section:  “Tobacco Farmers Pleased with Prices.”) and satisfaction.


Tobacco has been promoted to help you stay thin, to aid digestion, and everybody who’s anybody knows that smoking is downright sexy.  The constant fun with tobacco can be traced to the invention of the cigarette-rolling machine in about 1880 (See American Heritage, December 1992).  That, along with safety matches, permitted one to light up whenever he’d like, and it led to distribution of cigarettes to U.S. troops and others.  In this way, the average yearly consumption of tobacco by cigarette smokers skyrocketed to its peak of 12,854 cigarettes per year per smoker in 1977.  Also a great thing, advertising allowed the tobacco companies to get the word out.  “Chesterfields satisfy!”  “20,679 physicians say Luckies are less irritating. Your throat protection—against irritation—against cough.”  “When tempted (to eat), Reach for a Lucky.”  “For digestion’s sake, smoke Camels.”  “The food editor, Miss Dorothy Malone, says ‘It’s smart to have Camels on the table.’”


Just when everything seems to be going right, you can always count on Spoil Sports to move in and rain on everyone’s parade.  There are people who want you to believe that tobacco is addictive.  You know, of course, that it is not because the tobacco company executives swore in a Congressional hearing in 1994 that it is not (for a photo of this momentous occasion, see Scientific American May 1995).  There are those who say the tobacco companies target children, but surveys have shown that slightly more six-year-olds recognize Mickey Mouse than Joe Camel (older data, but still . . . .).  Some people claim that the lower socioeconomic classes shoulder the brunt of smoking, but clearly smoking is a free choice exercised by adults and it is only by coincidence that smoking prevalence is greatest among those with least education and those living below the poverty line.  Then, there are those pesky concerns about lung cancer (which killed my mother-in-law), and it is only up by ~15x since 1930, or esophageal cancer (which killed my childhood friend, an attorney in the prime of life).  Heck, tobacco only accounts for about 19% of preventable deaths in the U.S., a mere 20-fold that of illicit drug use.  How about your ticker?  Cigarettes caused 180,000 cases of death from cardiovascular disease in the U.S. in 1990.  If you’re female, then you might want to think about the 30 % of new cases of cervical cancer that are caused by smoking.  (Dr. James Duke, USDA ret., mentions (Mother Earth News 2002) that smoking accelerates wrinkling and contributes to impotence, but I think we ought to conceal this kind of inflammatory information.)  Marry a smoker and pick up a 30% increased chance of lung cancer.  Hire a smoker and figure in an extra $1,000/year in lost productivity.  So, in the end, tobacco costs this country in the range of $100 billion per year or $400 per year per man, woman, and child.  . . .maybe it is not so good?  The American Cancer Society puts out a booklet called Cancer Facts and Figures; get a copy.


�Please note that the word “plant” can be used in two ways that, at first, may be confusing.  First, plant can be used to refer to one particular organism  (“This plant is dying.”).  Second, plant may refer to a species (“This plant first appeared in the fossil record 400 million years ago.” or  “This plant is dioecious.”)


�The incredible potato (R. E. Rhoades  (1982)  National Geographic (May)) is 99.9% fat-free and provides more edible dry matter than the combined world-wide consumption of fish and meat (but is still, alas, less than half as much as any of the top three grasses.)  Virtually a complete food alone, it was domesticated in the South American mountains and was unknown to Europeans until the late 1500’s.  Humans reached that area perhaps 10,000 B.C.E., and it is speculated that they started using some of the 160 wild tuber-bearing Solanum species then, but the clear archeological records goes back to 2,000 years ago.  There are eight species of cultivated potato, a word derived from the language of the Andean Indians, but even today 3,000—5,000 varieties are grown by traditional farmers in South America.  (In the U.S. and Canada, 80% of the potatoes belong to only six varieties.)  Present-day potato is a tetraploid thought to have arisen from the spontaneous doubling of chromosomes of a diploid hybrid.  Unfortunately, working with tetraploids is difficult genetically, but many genes of interest to plant physiologists, to nutritionists (a gene that increases the starch content and makes less fatty French fries, see Scientific American, September 1992, p. 162), and to agronomists (a gene whose product is toxic to the Colorado potato beetle, see Plant Molecular Biology 22: 313) have been successfully introduced.  


For more information on the domestication of potato, in addition to the sources already cited, see D. Ugent  (1970)  The potato.  Science, 170:1161.


�In fairness, I note that scientific names can be confusing sometimes, too.  Consider the mushroom Gyromitra esculenta.  “Esculenta” means edible, and one sees one or another form of this word as the specific epithet of many organisms (e.g., the common morel is Morchella esculenta, Lypersicon esculentum is tomato, Fagopyrum esculentum is buckwheat, Abelmoschus esculentus is okra, and so forth).  G. esculenta is, however, poisonous:  “Acute poisoning from this mushroom usually occurs about six hours after ingestion, and symptoms include a bloated feeling, cramps, vomiting, diarrhea, convulsions, coma, and death.”  (G. Pacioni  1981  Guide to Mushrooms.  Simon & Schuster, New York).


�The subtext here is that some plants produce a tissue called cork.  Although we will cover in detail certain kinds of plant meristems (groups of cells that divide and give rise to tissues), time will not permit further discussion of cork or how it arises.


�I do not know what the attitude of the bigwigs in nomenclature is, but in practice, sometimes, if confusion results from the single�letter abbreviation for the genus, a longer abbreviation is used.  E.g., in a text containing both, Helianthus annuus (sunflower) and Hordeum vulgare (barley) are first spelled out, then abbreviated to He. annuus and Ho. vulgare.


�These varieties are clones (i.e., they are propagated asexually) whereas V. faba cv. Longpod is propagated by seeds (i.e., sexually).  “cv” is short for “Cultivated variety (= cultivar),” applies to both situations; however, some would like to see the term applied more restrictively.


�In the age of biotechnology, “herbal medicine” in the broad sense takes on a new meaning.  Fore example, the coat protein of Hepatitis B virus has been expressed in potato tubers.  Consumption of raw potatoes by animals and by humans results in antibody production (immunity) by the ingesting organisms.  Although it was once envisioned that plant tissue itself might be a delivery vehicle itself—think of super bananas (easy to grow in the tropics where the need for cheap medicine is greatest and, as an infertile hybrid, not a risk for outcrossing) that produce and delivers oral vaccines—the current thinking is that plants would be only the production element.  Then, the pharmaceutical could be isolated by “good manufacturing processes,” standardized, and delivered in capsules.  Although other organisms (such as yeast or animals) could produce the pharmaceuticals, use of plants has advantages (simple and inexpensive to culture, and therefore appropriate for developing countries, virtually risk-free insofar as inadvertent contamination with human pathogens.)  To follow this thread, go to Trends in Plant Science 10 (12): 580 (2005). 


� For more of this history, see G. Weissmann.  (1991)  “Aspirin.”  Scientific American (January).


� From Trends in Plant Sciences (3: 321 (1998)):  “The World health Organization has estimated that 80% of the population of developing countries is dependent on traditional medicine.  In Europe and North America, the use of herbal medicines has become increasingly popular over the past 10 years.  Herbal medicines from practitioners are often prescribed for chronic diseases such as eczema, psoriasis and rheumatism, or for gynecological problems.  In addition, a wide range of herbal products for minor ailments is now available from pharmacies, supermarkets and health food shops.  These products include . . . .” 


It is important to appreciate that, whereas herbal remedies are “natural,” they are not always innocuous; people who take herbs should be aware of drug interactions and the physician should be informed.  E.g., Ginkgo, as mentioned elsewhere is often used as a remedy for certain disorders (e.g., it is considered to improve cognition), but leaf extracts also contain an inhibitor of platelet function and should not be used by those on Coumadin, an anticoagulant prescribed for patients in danger of strokes.  (Incidentally, Coumadin, the medicine, is the same as Warfarin, the rat poison.  Dosage is important in all things.)  As another example, potentially serious drug interactions can occur with St. John’s wort (Hypericum perforatum), a popular antidepressant (Science 291:  35).  Most of you are aware that Ephedra (Ma Huang), advertised for whatever might ail a person and proven effective for short-term weight loss, presents an unreasonable risk of heart attack and stroke, and was removed from the market in early 2004.  For a lay presentation of the scientific view of the most popular herbal medicines, see “Nutraceuticals:  separating the wheat from the chaff.”  California Agriculture (2000) 54.


� Whereas many alternative medical treatments lie outside the domain of good taste (e.g. urine therapy) and logic (plug in your favorite prejudice here), herbal remedies are now looked upon as a potential source for the discovery of new “main�line” medicines.  For example, in May 1995, the Smithsonian Institution and the American Botanical Society co�sponsored a conference on “Nature’s pharmacy:  the power to heal.”  In attendance were representatives of the USDA, the NCI, the Harvard School of Public Health, NC State University, and the FDA.  This conference followed one in December 1994 on the same topic and sponsored by the NIH and the FDA.


At the 2000 AAAS meetings, Kurt Hostettmann (Switzerland) reported on the isolation of an antifungal compound from the outer bark of underground roots of Bobgunnia madagascariensis, an African tree.  This compound is more effective than commercial compounds and should be of value in treating the mycosis that plagues AIDS patients.  At the same meeting, Mahabir Gupta (Panama) reported on an antiHIV drug from the bark of a tree from Argentina.


Regardless of one’s own personal perspective, it is important for health�care providers to recognize the role of alternative medicines in society.  In the February 25, 2002, issue of Archives of Internal Medicine, it was reported that nearly 50% of Americans are now using alternative medicine.


� In order to interpret scientific statements and communicate with scientists, one must, of course, “speak the language.”  Thus, I have copied verbatim below a few definitions from the National Academy of Sciences:  


Fact: In science, an observation that has been repeatedly confirmed and for all practical purposes is accepted as "true." Truth in science, however, is never final, and what is accepted as a fact today may be modified or even discarded tomorrow.  Hypothesis: A tentative statement about the natural world leading to deductions that can be tested. If the deductions are verified, the hypothesis is provisionally corroborated. If the deductions are incorrect, the original hypothesis is proved false and must be abandoned or modified. Hypotheses can be used to build more complex inferences and explanations.  Law: A descriptive generalization about how some aspect of the natural world behaves under stated circumstances.  Theory: In science, a well-substantiated explanation of some aspect of the natural world that can incorporate facts, laws, inferences, and tested hypotheses.  The contention that evolution should be taught as a "theory, not as a fact" confuses the common use of these words with the scientific use. In science, theories do not turn into facts through the accumulation of evidence. Rather, theories are the end points of science. They are understandings that develop from extensive observation, experimentation, and creative reflection. They incorporate a large body of scientific facts, laws, tested hypotheses, and logical inferences. In this sense, evolution is one of the strongest and most useful scientific theories we have.


�For a historical perspective, see Nature Cell Biology 1: E13 (1999).


� It is this uncertainty about what a kingdom really is that is the major weakness of any kingdom system of classification.  That is, there are more than 50 lineages of eukaryotes—should each be in its kingdom?  . . .how intellectually satisfying is a grab-bag kingdom, like the protists are place in.  Is it valid to keep fungi and animals separate in view of the Protista? 


�This is a true general statement, but some organisms, particularly the dinoflagellates, are referred to by some as mesokaryotes, indicating the difficulty of placing them in the other two groups.


�Dr. A. B. Thistle (Departmental Editor) and Dr. W. M. Outlaw (my son) are thanked for the information in this appendix.





