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Topic #7:  Fungi

REQUIREMENTS:  Powerpoint presentations.

Objectives

1.
List characteristics of the Fungi.  Identify the groups of organisms included in the Fungi. For the sake of completeness, note the group that BOT 3015 excludes as a means of simplification.

2.
Draw the generalized sexual life cycle referred to as zygotic meiosis.


3.
What are saprobes, parasites, endophytes, and mycorrhizae?


4.
Discuss the organization of the hyphae.  Define mycelium, rhizomorph.


5.
What is the mode of nutrition of fungi?  How does it relate to the fungal body plan?  Discuss the body plan in relation to the efficacy of diffusion as a mechanism of acquiring external nutrients.


6.
Describe the typical fungal habitat.


7.
Describe hyphal growth.


8.
Describe the cell wall of a fungus.  Describe two attributes of the cell wall that must be considered with respect to the mode of nutrition.


9.
Describe the limited amount of “division of labor” that occurs in the hypha.


10.
Describe the biochemical and biophysical mechanisms by which fungi acquire nutrients.  Compare with mechanisms of plants.  How do fungi acquire nutrients from more dilute soil solutions than can plants?  Relate this ability to mycorrhizal associations.


11.
Compare the sizes of the plant, animal, and fungal genomes.  Which genes are represented by many copies in all these eukaryotes?  To what extent do the various groups have repetitive DNA?


12.
Contrast different aspects of nuclear division in fungi with those other eukaryotes.


13.
Indicate briefly the role of fungi in the ecosystem.


14.
What is heterokaryosis?  What is a dikaryon?  What advantages accrue to this condition?


15.
Compare the Fungi to plants in terms of carbohydrate-storage product, cell-wall composition, source of nutrition, mitosis, proximity of cells to environment, growth, ubiquity of high rates of metabolism, and transport of cellular substances (= cytoplasmic streaming and lack of complete septation).


16.
Discuss the competitive environment around the fungal hyphae.


17.
How does asexual spore formation in the Zygomycota differ from that of other fungal taxa?


18.
Name the three groups of Fungi (as described in BOT 3015) and explain their distinguishing characteristics.  Which two are the most closely related?


19.
What are Fungi Imperfecti?  How do they reproduce?  To which of the major groups are they usually considered related?


20.
What are lichens?  Which organisms are typically involved?  Briefly, what is the basis for their symbiosis?


21.
Draw the life cycle of bread mold.  Include both sexual and asexual reproduction.


22.
Draw the life cycle of a typical ascomycete.  Emphasize the ascus, hook, ascus mother cell, karyogamy, meiosis, ascospore formation.


23.
Draw the life cycle of a mushroom (one type of basidiomycete).  Contrast it with the life cycle of an ascomycete.

Lecture

POWERPOINT SLIDES:  A series of slides that detail attributes of fungi.

Attributes of the Fungi:

(A) Fungi are a large group of organisms that are quite distinct from plants and from animals.  To gain perspective, consider the existence of about 100,000 named species and perhaps 200,000 yet unnamed.
,

POWERPOINT SLIDES:  Overview of fungal groups, perspective for BOT 3015.

(B) Fungi are saprobes
 (organisms that secure their food from nonliving organic matter) or parasites,
 or they form mutually beneficial relationships with other organisms.
  The primary mode of nutrition is absorption—because of the filamentous habit of the multicellular ones (and most are multicellular), no part of the fungal body (mycelium) is ever far from the environment and, therefore, a source of nutrition.  Sometimes, however, the hyphae organize themselves into reproductive structures of one kind or another (such as mushrooms).  In other cases, hyphal cords, rhizomorphs, are formed by many hyphae organized into a complex filament.  Rhizomorphs “explore” new areas for potential nutrients and export these nutrients back to the origin.

POWERPOINT SLIDE:  Osmotrophic mode of nutrition (self-made).

POWERPOINT SLIDE:  Rhizomorphs (mulch pile, north Leon County).

(C) Fungi are primarily terrestrial, but some are marine and xerophilic—those that can live under challenging conditions of water insufficiency (such as in salted fish or jam, where bacteria cannot grow).

(D) Growth occurs primarily at the tips of the hyphae, but constituents such as protein and organelles are synthesized throughout the body, giving fungi a high rate of growth.  (New components are delivered to the tip by cytoplasmic streaming.)

POWERPOINT SLIDE:  Growth at tip of hypha.

(E) No fungal cell is without a wall.  The cell wall, as indicated earlier, is composed primarily of chitin (a polymer of N‑acetylglucoseamine) and various (‑linked glucans, which are linked to peptides, giving the wall a fairly high protein content.
  (As perspective, and painting with a broad brush, say that 30% of the dry wall mass of a fungus is protein, compared with, say, 10% for a plant cell wall
).

A brief reflection indicates that fungal cell wall must be special.  First, it must be somewhat porous, to allow egress of the secreted enzymes, which break down the substrate.  Second, it must be resistant to the fungus's own enzymes, as well as to the enzymes secreted by other organisms, like plants, as a response to fungal attack.

(F) Unlike plants, fungi have no “quiescent” centers (i.e., areas that are relatively inactive metabolically).  As you may have inferred from an earlier point, the absorptive mode of nutrition and the high surface-to-volume ratio mean that each cell’s activity (e.g., secretion of a hydrolytic enzyme) has an immediate effect on the surroundings, but the hypha does have a limited amount of “division of labor.”  The very tip, full of vesicles for building activities, is involved mostly in growth.  The next region is specialized for absorption.  In this absorption zone, active excretion of H+s may lower the external environment to pH 3 and create a membrane potential of –200 to –300 mv.
  This huge H+ electrochemical potential gradient is used to drive uptake of K+, of PO42, of glucose, and of amino acids via a proton symport.  (Because of the large driving force for proton influx, proton symport in fungi is effective in taking up very dilute external solutes.  The magnitude of this driving force, along with the filamentous body plan of fungi, explains their value in mycorrhizal associations.)  Further back is a storage zone, where polyphosphate and protein are stored in vacuoles and glycogen in the cytosol.  The sizes of the zones depend, to an extent, on nutrient availability.

(G) Most fungi produce spores, which are dispersed by the wind or by insects or small animals.

(H) The mycelium is haploid
—meiosis occurs immediately after zygote formation (i.e., no alternation of generations occurs).  The fungal genome is small—ca. 40 × 106 bp, or less than an order of magnitude larger than that of E. coli.  (As usual, there are exceptions; some fungi have large genomes.)  The genome is “compact,” however—only 10‑15% of fungal DNA is repetitive, whereas a typical value for animals is 30%, and repetitive sequences in plants can form up to 90% of the total genome.  In investigated fungal species, most of the repetitive DNA codes for rRNA sequences.  All organisms, including prokaryotes, have repetitive rDNA, but plants and animals have other repetitive sequences of various functions, such as chromosome organization.  The functions of some of this repetitive DNA in plants and animals are unknown.

(I) Many architectural aspects of the molecular and cell biology of fungi differ from those of other eukaryotes.  (1) As a rule, the nuclear membrane does not disintegrate during mitosis and meiosis.  The nucleus persists through these processes, and after the chromosomes are allocated, the nucleus is “pinched” into the daughter nuclei.  (2) Fungi lack flagellated cells and, therefore, centrioles (the microtubule-organizing centers that effect chromosome migration), but they do have spindle pole bodies (SPB) attached to the outside of the nuclear envelope, which function like centrioles.  SPB’s have not been characterized chemically, and they differ from one group to another.  Depending on the group, the SPB remains outside the nuclear envelope during nuclear divisions or is inserted into holes in the envelope.  (3) During mitosis, the chromosomes do not become aligned on a metaphase plate, as the chromosomes of animals and of plants do.  In addition, the migration of chromosomes during anaphase is not synchronous, as it is in plants and animals.  (4). Earlier, it was believed that fungi entirely lacked or had little histone protein.  This erroneous conclusion resulted from the proteolytic loss of the histones during extraction.  All fungi appear to have the major classes of histones that are involved in the formation of the nucleosome, but some lack H1, which complexes with the “linker” DNA between nucleosomes.

(J) Some fungi are heterokaryotic (i.e., have genetically different nuclei).  Heterokaryosis can result from fusion of different hyphae (a common event in nature) or from mutation.  (As you will see later, hyphae are often aseptate or multinuclear, so different nuclei may be operating against a common cytoplasmic background.)  Heterokaryosis is somewhat similar to the diploid condition, because it confers a larger genetic potential to interact with the environment.

Distinct from being part of a true sexual cycle, rarely, haploid nuclei (genetically the same or different) fuse, giving rise to one diploid nucleus per 1000 haploid nuclei (this phenomenon is called “parasexuality”).  The diploid nucleus does not undergo meiosis; instead the haploid condition is restored by loss of chromosomes.  The importance of this phenomenon is not yet clear, but it would seem to offer genetic and evolutionary diversity.

(K) The role of fungi in ecosystems cannot be overstated.  As an example, lignin (ca. 20% of total biomass produced per year; total= 50 x 1012 kg) is an important structural element.  Whereas fungi do not use lignin (much?) themselves, they do degrade it so that it becomes available to other organisms.  It appears that fungi need to remove the lignin to gain access to carbohydrate polymers, which they can utilize.  Because fungi break down complex organic molecules outside the hyphae, the areas around the hyphae form niches for bacteria and other fungi.  For this reason, perhaps, fungi developed an arsenal of antibiotics to combat these competitors.

(L) Fungi are adaptive, in an evolutionary sense (Neocallimastix frontalis, an obligate anaerobe in the rumen lacks mitochondria) and on a shorter time scale (such as the yeast
 that convert glucose to ethanol
 in the absence of O2 but switch back to oxidative metabolism when given oxygen).

Three groups of fungi will be considered below; the classification of the first group is historically based.  A master table and charts at the end of this topic summarize characteristics of the three groups and simplified life cycles; for an expanded listing of fungi, see an introductory footnote.

POWERPOINT SLIDE:  Overview of sexual reproduction in the three focal groups of fungi in BOT 3015 (custom).

Zygomycota

POWERPOINT SLIDES:  Series of slides on attributes of zygomycetes.

Attributes of the Zygomycota:

(A) They are a relatively small group of organisms, about 1000 species.  They cause a few flower and fruit diseases, such as fig spoilage,
 but a major environmental role is in the formation of mycorrhizae, as discussed in a previous unit.  (Recall, for completeness, that some classification schemes do not place the mycorrhizal ones in the zygomycetes.)

(B) A distinguishing characteristic of the Zygomycota is the sexual production of thick‑walled resting spores.

POWERPOINT SLIDE:  Mucor on summer squash (tentative identification by D. Chellemi by gross morphology and host) (north Leon County).  Mucor is a relative of Rhizopus stolonifera (black bread mold), which is the name species for this group.  The black dots are asexual sporangia with spores inside.

POWERPOINT SLIDE: Zygospore
 of Rhizopus nigricans (bread mold) (FSU lab; special thanks to R. Hebert and K. Riddle for preparation and microphotography.)  Note that several stages of development are shown in this slide.

As we will explore in more detail in a few moments, in the Zygomycota, gametes of equal size fuse, after being released from appressed gametangia (left), to form a resting spore (right).

(C) Usually, cross walls are absent, except where reproductive structures form the hyphal tips.

(D) Always, asexual reproduction occurs on the tips of hyphae in specialized sporangia.

POWERPOINT SLIDE:  Rhizopus stolonifer life cycle (custom).

(A) Asexual reproduction occurs at hyphal tips in sporangia.  The fungal body can be divided into, essentially, three regions:  the rhizoid, which grows into the substrate; the stolon or lateral filaments; and the sporangiophore.

(B) When different but morphologically indistinguishable mating strains are near, hormones cause the hyphal tips to grow to one another and develop gametangia (singular, gametangium = gamete‑producing entity).

(C) The walls separating the gametangia dissolve, and the multinucleate protoplasts from the two gametangia come together.  Nuclei (in pairs, usually, “+” plus “–”) fuse, resulting in a multinucleate diploid zygospore, which develops a thick wall.  (Do not focus on the details—some zygomycetes produce several zygotes and in other species, all diploid nuclei except one disintegrate.)

(D) Under appropriate conditions, the zygote divides meiotically, about the time that the zygosporangium opens (“germinates”), and new haploid spores (like those produced asexually) are released (directly or indirectly).  (Again, do not focus on the details—in Mucor, for example, only one of the haploid spores survives.)

THE KEY GENERAL POINT is that equal gametes fuse, that the zygote is the only diploid cell, that division of the zygote meiotically restores the haploid condition, which, in one way or another, generates spores that form a new mycelium.

Ascomycota

POWERPOINT SLIDES:  Series of slides on attributes of ascomycetes.

Attributes of Ascomycota:

(A) The Ascomycota are terrestrial or aquatic.  They are among our worst enemies, causing, for example, Dutch elm disease, apple scab, brown rot of stone fruits, powdery mildews (along with other taxa), foot rot of cereals,
 and others.

POWERPOINT SLIDE:  Podosphaera leucotricha (powdery mildew
—tentative identification by BBO made on the basis of gross morphological features and host) on Granny Smith apple (north Leon County).

POWERPOINT SLIDE:  Botryosphaeria dothidea
 = B. berengeriana = Physalospora piricola; anamorph = Fusicoccum aesculi, apple ring rot (tentative identification made by BBO on the basis of gross morphological features and host) on Adina apple (north Leon County).

POWERPOINT SLIDE:  Diaporthe perniciosa = D. eres; anamorph = Phomopsis mali, phomopsis fruit decay (tentative identification made by BBO on the basis of gross morphological features and host) on Anna apple (north Leon County).

POWERPOINT SLIDE:  Cercosporella rubi, rosette, double blossom, witches broom (firm identification made in clinical pathology lab) on Shawnee blackberry (north Leon County).

Among the ascomycetes are also benign or beneficial organisms (such as the esculent morel).  The following few slides are other examples of ascomycetes that are found in the Tallahassee area.

POWERPOINT SLIDE:  Xylaria sp. (Birdsong, south Georgia; special thanks to W. Petty
 for identification.)  In this genus, the asci line depressions in the club‑shaped fruiting body.

POWERPOINT SLIDE:  Helvella sp. (Birdsong, south Georgia; special thanks to W. Petty for identification).

POWERPOINT SLIDE:  Hypoxylon sp. (Birdsong, south Georgia; tentative identification by BBO).

(B) With the exception of the unicellular yeast (most of which are derived through reduction from this group), Ascomycetes are filamentous.  In general, cross walls are present, but the cross walls are perforated, allowing organelles (including nuclei) and cytoplasm to pass through.

POWERPOINT SLIDE:  Perforated septum (Fig. 24.1 of Weier, Stocking, and Barbour).

POWERPOINT SLIDE:  Nucleus through perforation (Fig. 12-6 of Raven, Evert, and Curtis).

(C) Usually, asexual reproduction is by the formation of specialized, multinucleate spores (conidia, which resemble fine dust), which are borne on conidiophores.  You may wish to think of the conidium as a deciduous part of the hyphal tip.  Note that asexual reproduction in the Zygomycetes took place by the mitotic production of spores within a structure, the sporangium.  Conidia, on the other hand, are not enclosed as they mature.  The following slide shows one example of a conidiophore, but there are other configurations also.

POWERPOINT SLIDE:  Conidiophore (Fig. 12-15a of Raven, Evert, and Curtis).

(D) The distinguishing characteristic of the Ascomycota is that sexual reproduction always involves the formation of an ascus
 (plural, asci).

POWERPOINT SLIDE: Unidentified ascomycete (north Leon County).  This fungus apparently is not among the common ones as it is absent from guidebooks and could not be identified by G. Bates, a colleague who is handy with mushroom identification.  A main value of this slide is that this fungus “looks” like an ascomycete, and gives you a visual image of a prototype.  At this stage, a microscopic examination revealed that the inside lining of this bowl‑shaped fruiting body was densely lined with asci, similar to those that are seen in the following slide.

POWERPOINT SLIDE:  Asci of Peziza sp. (FSU lab; special thanks to R. Hebert and K. Riddle for preparation and microphotography).
POWERPOINT SLIDE:  Ascomycete life cycle (custom).

(A) The mycelium is initiated with the germination of an ascospore (about 2 o’clock in the slide).  Genetically different mating types develop from different spores.  Asexual reproduction through conidia may occur several times in the course of a season and is the primary method of reproduction.

(B) Multinucleate gametangia differentiate and are “cut off” (about 5 o’clock in slide).  The male structure is called an antheridium; the female structure, an ascogonium.

(C) Plasmogamy (fusion of the protoplasts) occurs through a structure that is an outgrowth of the ascogonium (about 6 o’clock in the slide).

(D) Cell division occurs, so each cell of the future ascus-bearing hypha has a pair of haploid nuclei (a dikaryon) now at “cradle” of fork at about 6 o’clock = “developing ascogenous hyphae”).  The haploid hyphae (either “+” or “–”) are sexually sterile.

(E) Ascus formation develops at the tips of hyphae growing from the ascogonium.  (This process occurs simultaneously at many hyphal tips, in a complex structure shown at top.)  A dikaryotic cell grows over to form a hook or crozier.

(F) Mitosis occurs, with the spindles parallel—see nuclear orientation at 7 o’clock.  One nucleus is shown as a darkened circle and the other as an open circle.

(G) Four daughter nuclei (haploid) have resulted.  Two septa form, resulting in a dikaryon at the top and two genetically dissimilar haploid cells below.

(H) In the dikaryotic cell (8–9 o’clock), karyogamy (fusion of nuclei) occurs, forming a diploid zygote, which is the only diploid nucleus in the life cycle of the ascomycete (or for that matter, “any” fungus).

(I) The diploid nucleus undergoes meiosis (reverting to the haploid) and usually mitosis, which results generally in 8 nuclei.
  Each nucleus is cleaved off in a segment of cytoplasm to form a (haploid) ascospore.  Ascospores germinate and develop into mycelia.  As mentioned earlier, many hyphal tips can grow from the ascogonium.

Lichens—an alliance between kingdoms!
Lichens are composite organisms.  Each is a symbiotic relationship between a fungus (usually an ascomycete but sometimes a basidiomycete) and a green alga or cyanobacterium.

POWERPOINT SLIDE:  Cladonia sp. (south Georgia roadside; tentative identification by BBO).

POWERPOINT SLIDE:  Collection of diverse species of lichens (gift of R. Hebert)

General attributes of lichens :

(A) Lichens are very widespread—usually the first colonizers of bare rock.

(B) They are usually of one of three types, based on morphology:  crustose (crustlike), foliose (leaflike), or fruticose (bushlike).

(C) In brief general summary, the alga provides a source of photosynthate (carbohydrate, and in some cases, reduced N compounds), and the fungus provides a suitable physical environment.

Fungi Imperfecti

Finally, the so-called “imperfect fungi,” which do not have a known sexual cycle, are usually mentioned along with the Ascomycota.  Without a sexual stage, they cannot be classified as zygomycetes, ascomycetes, or basidiomycetes, but most of them are ascomycete-like, and they reproduce by conidia.  A few, however, appear to be basidiomycetes that have lost the ability to reproduce sexually.  Sometimes the Fungi Imperfecti are called Deuteromycetes.

Basidiomycota

POWERPOINT SLIDES:  Series of slides on attributes of basidiomycetes.

General attributes of the Basidiomycota:

The Basidiomycota include the common fungi with which most people are familiar (mushrooms, puff balls, shelf fungi).  They also include some of the most important plant diseases, such as rusts
 and smuts, and certain kinds of root rot.  Some are edible and others highly poisonous.  In general, one sees only reproductive structures.  It has been claimed (Moore et al., 1998, Botany, WCB/McGraw Hill, New York) that some mycelia live for hundreds of years and weigh several metric tons.

The following are local basidiomycetes:

POWERPOINT SLIDE:  Phallus ravenelii
 (Ravenel’s stinkhorn, tentative identification by BBO) (north Leon County).

POWERPOINT SLIDE:  Leucopaxillus sp. (?) with the late Timber Outlaw (Leon County, specimen courtesy of R. Brymer).

POWERPOINT SLIDE: Linderia columnata (= Clathrus columnatus, columned stinkhorn, tentative identification by BBO) (north Leon County).

POWERPOINT SLIDE:  Geastrum spp. (earthstar, tentative identification by BBO) (north Leon County).

POWERPOINT SLIDE:  Pycnoporus cinnabarinus (cinnabar polypore growing on Quercus nigra (water oak) in north Leon County).

POWERPOINT SLIDE:  Marasmius sp. (tentative identification by W. Petty from photograph) (north Leon County).

POWERPOINT SLIDE:  Stevenum sp. (tentative identification by W. Petty from photograph) (north Leon County).

POWERPOINT SLIDE:  Hericium erinaceus sp. (identification by W. Petty) (Wakulla Springs, Florida).

POWERPOINT SLIDE: Amanita cokerii (?) (white amanita,
 tentative identification by BBO) (north Leon County).  This is an example of a gilled mushroom (similar in structure to the culinary mushrooms available in supermarkets).  In this kind of basidiomycete, the basidia line the gills.

POWERPOINT SLIDE:  Lentinus edodes (shiitake) (Herman Holley’s organic farm east of Tallahassee).
POWERPOINT SLIDES:  Cantharellus cibarius (Chanterelle, identification by BBO) (north Leon County).  This is an example of a mushroom that lacks gills and one in which the basidia do not match the prototype that is taught in this course.  (In chanterelles, the basidiospores do not form on protuberances of the basidium; instead, the spores are formed within the basidium).  The fertile surfaces are the blunt, shallow, branching ridges.  The first slide is a close-up; the second, my net to protect against marauding animals; the third, one of my little private patches.
POWERPOINT SLIDE:  Pleurotus ostreatus  (oyster mushroom, identification by BBO) (north Leon County).

POWERPOINT SLIDES:  Strobilomyces floccopus (Old man of the Woods, tentative identification by BBO; (north Leon County).  . . . followed by three other example boletes from north Leon County.)

 (A) The hyphae are septate, but the septa are perforated (like those of ascomycetes).

(B) The distinguishing characteristic of the Basidiomycota is production of basidiospores, which are borne on the outside of a club-shaped structure, the basidium.

POWERPOINT SLIDE:  Basidia of Coprinus pileus (FSU lab; special thanks to R. Hebert and K. Riddle for preparation and microphotography).
(C) A distinctive feature of the basidiomycetes is the formation of so-called clamp connections over the septa of the dikaryotic mycelium near the tip.  As shown in this slide, the connection is a temporary bridge formed during cell division.  We will discuss how the nuclei divide and are allocated to daughter cells.

POWERPOINT SLIDE:  Clamp connection (Fig. 12-27 of Raven, Evert, and Curtis).

(D) In general, asexual reproduction plays a less prominent role in the Basodomycota than it does in the Ascomycota; we will not cover asexual reproduction in basidiomycetes except to note its variable character (exemplified by budding in the few yeast that are basidiomycetes, formation of conidia on the primary mycelium, formation of conidia on the secondary mycelium).

POWERPOINT SLIDE:  Basidiomycete life cycle
 (custom).

(A) (Starting at 5 o’clock) Most basidiomycetes pass  through three phases:  (1) Germination of a spore results in the primary mycelium, which is monokaryotic.  (2) The secondary mycelium (6 o’clock) is dikaryotic and usually results from plasmogamy of different stains.  The dikaryotic condition may, in some species, come from mitosis without cytokinesis, in which case each cell has two genetically similar haploid nuclei.  (3) The tertiary mycelium (also dikaryotic) arises directly from the secondary mycelium.  This tertiary mycelium is the “fruiting” body, e.g., a mushroom.

(B) Dikaryotic basidia (the club-shaped structure at 1 o’clock) differentiate along the lining of the basidiocarp.

(C) The terminal cell (1 o’clock) undergoes karyogamy (2 o’clock), which is immediately followed by meiosis (2:30 o’clock).

(D) Each resulting haploid nucleus migrates into one of the processes emanating from the cell tip; these nuclei are “cut off,” forming basidiospores.


Chart:  SOME CHARACTERISTICS OF FUNGI (not including chytrids, which are now considered by most to be fungi)a
	Taxon
	Example
	Distinguishing characteristic
	Hyphal organization
	Sexual reproduction (example)

	Zygomycotab
"zygomycetes"
	Rhizopus sp. (black bread mold)
	isogamy that yields resting spores (zygospores)
	usually coenocytic (except for reproductive structures)
	Hyphae of compatible strains are attracted and subsequently fuse.  Pairs of haploid nuclei undergo syngamy, forming a multinucleate zygospore.  This latter germinates and undergoes meiosis to produce haploid spores.

	Ascomycotac,d
"ascomycetes"

"cup fungi"
	yeast, morel, truffle
	sac-like reproductive structure, the ascus, which contains haploid spores (typically 8 = 1 meiosis + mitosis); hook
	perforated septa (except unicellular yeast)
	Plasmogamy produces dikaryotic ascogenous hypha, the tip of which is a hook cell.  One round of mitosis plus cytokinesis isolates the heterokaryotic ascus mother cell.  Karyogamye to form the diploid nucleus.  Meiosis + mitosis to produce haploid ascospores.

	Basidiomycotac,f
"basidiomycetes"

"club fungi"
	mushrooms, puff balls, shelf fungi, rusts
	production of basidiospores, which are borne on the outside of a club-shaped structure, the basidium; clamp connections
	perforated septa
	Binucleate condition usually from plasmogamy of different-strain hyphae (or mitosis without cytokinesis in a single hypha).  Clamp connection on basidium ensures "correct" allocation of nuclei.  Karyogamy.  Meiosis to form basidiospores.


aFungi as we limit the word do not have flagellated cells.  They are primarily terrestrial, and the primary mode of nutrition is absorption (either parasitic or saprophytic).  The individual filaments are hyphae (singular, hypha).  Collectively, hyphae compose the mycelium.  Growth occurs at the hyphal tips; growth components synthesized back from the tip are transported to the growing tip by rapid cytoplasmic streaming.  Walls of chitin.  Zygotic meiosis.  Persistent nuclear membrane during mitosis and meiosis.  Little histone protein.  Sometimes heterokaryotic and parasexual (the latter not being discussed in BOT 3015).

bFormerly, this group was called "Phycomycetes" (or alga-like fungi).  They are not very closely related to the other two groups.  This taxon is the usual partner forming endomycorrhizae, which are associated with a high percentage of vascular plants.  As mentioned earlier, some taxonomic revisions affect this simpler view.

cThe basidiomycetes and ascomycetes are closely related phylogenetically.  Again, as mentioned earlier, some revisions place these organisms together in one group.

dSexual reproduction is unknown in the so-called Fungi Imperfecti.  Most of these organisms are probably ascomycetes.  About 20,000 species of ascomycetes form symbiotic relationships with cyanobacteria or green algae; these "composite" organisms are lichens (e.g., reindeer "moss" (not, of course, a moss at all)).

eKaryogamy is fusion of nuclei.  Plasmogamy is fusion of protoplasts.  Syngamy (= karyogamy +plasmogamy), a similar process, is a specialized case of karyogamy in which the fusing nuclei are of gametes and the fusion product is a zygote.

fBasidiomycetes (and some ascomycetes) form ectomycorrhizal relationships with most trees and shrubs.  Ectomycorrhizal fungi do not penetrate cells, but the hyphae do grow in the cell walls of cortical cells.  Ectomycorrhizal relationships, unlike endomycorrhizal ones, are often specific.
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Introductory Plant Biology                     Model Exam IV

Name_________________________SSN___________________________

Grade:  Bonus________ Exam Proper______ Total_______

*****************************************************************

(    Check here if you wish to withdraw permission to have your grade posted by PIN.

(    Check here if you have written a detailed explanation by a question.  This is your only opportunity to challenge a question if you believe it to have two correct responses with neither substantially better than the other or if you believe that no answer is correct.  Start your explanation with “I chose answer ‘D’ instead of answer ‘B’ because . . . .”  Only challenges started thus will be considered, and in some cases, credit will be given even if you mark an answer that does not correspond to the key.  Identify the question that you challenge:  ________________.

I understand that it is a violation of the Honor Code to refer to any information not specifically condoned by the instructor or to receive any information from a source that is not specifically authorized during an exam.  I also understand that I should report to the instructor any violation of the Honor Code unless the person who violates the code reports himself or herself.  In this course, an additional example of a violation of the Honor Code is to divulge information about exam content to anyone who has not taken the exam or to receive unauthorized information about the contents of an exam before taking the exam.

_____________________________________









Signature

*****************************************************************

Bonus Section (Optional Reading)

1.
(2 pts) List two reasons that sexual reproduction in Phytophthora increases the difficulty of controlling it.


a.__________________________________________________________________________


b.___________________________________________________________________________.

2.
(2 pts) Presently, how many people die per day in Florida of alcohol‑related vehicle crashes?


____________________

3.
(2 pts) Give the common names of the hosts for a fungus that has a heteroecious life cycle (i.e., one that requires different hosts to complete its life cycle).


_______________________________________________________________

4.
(2 pts) Are mitochondria presumed to have a monophyletic or polyphyletic origin?  
________________

5.
(2 pts) What are “endophytes,” and how do they benefit the host?

__________________________________________________________________________________________________________________________________________________________

******************************************************************************************

Exam Proper


1.
Select the statement that is both thermodynamically sound and relevant to K+ uptake by guard cells during stomatal opening.



a.
During stomatal opening, the membrane potential of guard cells is positive with respect to an external reference.



b.
K+ uptake is by means of coupled uptake with H+.



c.
The same ATPase that extrudes H+ pumps K+ into guard cells.



d.
K+ uptake is passive, i.e., “down” a free-energy gradient.


2.
Select the statement that is both thermodynamically sound and relevant to uptake of sucrose by the phloem in a source leaf of an apoplastic phloem loader.



a.
Sieve tubes are specialized for sucrose accumulation.



b.
Companion cells accumulate sucrose by means of a coupled H+:sucrose transporter in the membrane.



c.
Mesophyll cells secrete sucrose, and the cell‑wall sucrose concentration is therefore greater than the sucrose concentration in the companion‑cell/sieve‑tube element complex.



d.
Vessel elements are more efficient than tracheids in sucrose export from a leaf.


3.
Select the statement that is both thermodynamically sound and relevant to the ascent of solution in the xylem of a tall transpiring tree.



a.
Very large positive pressures are generated in the root and push the sap upward.



b.
Very large negative pressures are generated within the symplast of cells of the leaf.



c.
Bulk flow within vessel elements is driven by lower pressure at the upper part of the plant than in the root.



d.
Selected vessel elements pump the water upward by means of peristaltic contractions.


4.
Select the best statement pertaining to photosynthesis.



a.
Rubisco is located in the cytosol of photosynthetic cells.



b.
The complete C3 cycle (aka Calvin Cycle) is located in the bundle sheath cells of C4 plants.



c. The C3 cycle (aka Calvin Cycle) is divided between the mesophyll cells and bundle sheath cells of C4 plants.



d.
All plants carry out photosynthesis by use of only the C3 cycle (aka Calvin Cycle) when water and nitrogen are abundant, but some plants develop the C4 pathway in response to water or nitrogen limitation.


5.
Select the best statement concerning the anatomy of angiosperms.



a.
In primary growth of the dicot root, the phloem forms a solid core.



b.
Stomata are located only on the lower leaf surface.



c.
Monocots that undergo secondary growth are only able to do so in the second and subsequent years of growth.



d.
Collenchyma is usually found near the epidermis of elongating shoots.


6.
Select the best general definition of double fertilization in the angiosperm life cycle.



a.
union of one male haploid gamete and one female haploid gamete to form the zygote plus the union of one male haploid nucleus and two female haploid nuclei to form the endosperm



b.
union of one male haploid gamete and one female haploid gamete, followed by one round of mitosis, then the union of a second male haploid gamete with one of the daughter nuclei, which results in one diploid nucleus and one triploid nucleus



c.
redundant fertilization events that result in the formation of two diploid nuclei, one of which gives rise to the embryo and the other one of which disintegrates



d.
none of the above.  Double fertilization is a distinguishing characteristic of dicots, but is absent in monocots


7.
Select the best statement concerning the three general sexual life cycles that we covered.



a.
Gametes are always formed by meiosis.



b.
Gametes are formed by mitosis only in organisms that exhibit alternation of generations.



c.
The zygote is haploid in organisms that exhibit zygotic meiosis.



d.
Except in organisms that exhibit zygotic meiosis or alternation of generations, mitosis is restricted to diploid cells.


8.
Select the best statement concerning the origin of the three domains (Eubacteria, Archaea, Eukarya).



a.
Eukarya may have arisen through the permanent whole-cell fusion of a eubacterial cell and an archaeal cell.



b.
Although details are lacking, it is well established that these three taxa arose completely independently.



c.
The three taxa developed independently from a common ancestor by a process called trivergy.



d.
18s rRNA analyses indicate that all three taxa are evolutionarily related.


9.
Select the best statement concerning endosymbiosis.



a.
All chloroplasts and mitochondria arose by primary endosymbiosis, but the nucleus arose by secondary endosymbiosis.



b.
Chloroplasts of plants arose by primary endosymbiosis, but chloroplasts of some other organisms arose by secondary endosymbiosis.



c.
Typically, a DNA‑containing organelle has a larger genome than the typical prokaryote because additional genes are necessary (e.g., membrane transporters that regulate traffic with other parts of the cells).



d.
Primary endosymbiosis refers to absorption of single molecules whereas secondary endosymbiosis refers to injection of “chunks” of complex foods.


10.
Select the pair that has very similar light‑harvesting protein/pigments and overall structure of light‑harvesting membranes.



a.
brown algae, oomycetes



b.
red algae, cyanobacteria



c.
red algae, brown algae



d.
green algae, red algae


11.
Select the best statement that is relevant to secondary endosymbiosis.



a.
Secondary endosymbiosis refers to an internal symbiosis that occurs during plant growth, such as acquisition of nitrogen‑fixing bacteria or fungal endophytes that protect the host against herbivory.



b.
Unlike chloroplasts derived from primary endosymbiosis, the membranes are always stacked.



c.
Two types of 80s ribosomes may be present in the organism.



d.
Hydrolysis of energy‑rich polymers occurs internally.


12.
Select the answer that gives a perspective value in bp for the genome sizes of a prokaryote, a plant chloroplast, and a plant, in that order.



a.
5 × 106, 10 × 106, 50 × 106


b.
5 × 106, 0.2 × 103, 50 × 106


c.
5 × 106, 0.2 × 106, 5000 × 106


d.
5 × 103, 5 × 103, 5 × 106

13.
Select the answer that most strongly supports a monophyletic origin for all chloroplasts.



a.
One group of cyanobacteria, the Prochlorophytes, contains chlorophyll b.



b.
A particular gene arrangement found in all chloroplasts is different from that found in cyanobacteria.



c.
All chloroplasts arose through primary endosymbiosis.



d.
Red algal chloroplasts contain the special pigments phycocyanin and phycoerythrin.


14.
Select the evidence that indicates a close evolutionary relationship between brown algae and oomycetes.



a.
morphology of flagella



b.
chloroplastic 16s rRNA sequence analysis



c.
unusual cell‑wall structures



d.
absence of glycolysis


15.
Select the phrase that includes attributes of sexual reproduction in Fucus (species discussed in class).


a.
male gamete with single whiplash flagellum, gametes formed by meiosis, external fertilization



b.
internal fertilization, brief dikaryotic stage, immotile female gamete



c.
immotile female gamete, external fertilization, motile male gamete



d.
none of the above—Fucus is classified within the Algae Imperfecti


16.
Select the statement that is relevant to sexual reproduction in Phytophthora infestans.


a.
It is essentially a diploid organism.



b.
Fertilization occurs externally, in water droplets on the surface of the organism.



c.
One nucleus undergoes two sequential rounds of meiosis. forming eight gametes.



d.
A brief, free‑living, multicellular flagellated haploid stage exists.


17.
Select the best statement pertaining to fungi.



a.
The cell walls are made exclusively of chitin.



b.
Protein and a polymer of N‑acetylglucoseamine are two major components of the fungal cell wall.



c.
Fungal cell walls contain equal proportions of N‑acetylglucoseamine and N‑acetylmuramic acid.



d.
The basic structure of the membrane is a phospholipid with ether linkages between the glycerol backbone and the fatty acid.


18.
Select the most comprehensive statement that accurately describes the importance of the very negative membrane potential in fungi.



a.
A much larger driving force for the net uptake of cations exists.



b.
The proton concentration is unimportant.



c.
Cations, anions, and neutral compounds like sugars move into the fungal cell passively.



d.
The driving force for the uptake of H+ is about 2–3× that of plant cells.


19.
Select the answer that accurately describes fungi.



a.
absence of meiosis, absence of flagella, presence of a cell wall



b.
absence of repetitive DNA, failure of nuclear membrane to disintegrate during nuclear division, presence of single tinsel‑type flagellum during asexual reproduction



c.
mitosis identical to that in animals, cell walls similar to those of bacteria, absence of cotransport systems



d.
failure of nuclear membrane to disintegrate during nuclear division, asynchronous migration of chromosomes during anaphase, absence of centrioles


20.
Select the best general definition of heterokaryosis.



a.
s rare mitotic event in which the two daughter nuclei are not genetically identical



b.
the presence of nonidentical nuclei within a cell



c.
the process that leads to a chimera, part of the organism that is genetically different from the rest of the organism because of a mutation in founder cells



d.
essentially a synonym for zygotic meiosis


21.
Select the statement that is most generally true of a lichen.



a.
a symbiotic relationship that develops spontaneously when an ascomycete and a cyanobacterium occupy the same microenviroment



b.
a symbiotic relationship that is given a scientific name on the basis of the fungal and algal partners, rather than a unique name, because of the relative impermanence of the relationship



c.
a symbiotic relationship in which the root and the fungus are in intimate contact, but the fungus does not penetrate the root 



d.
a permanent symbiotic relationship between/among a fungus/fungi, often an ascomycete, and an alga/algae, either a green alga or a cyanobacterium


22.
Select the statement that distinguishes Zygomycetes from other taxa of fungi.



a.
Zygomycetes exhibit zygotic meiosis.



b.
Zygomycetes do not have cell walls constructed of chitin.



c.
Zygomycetes are aseptate, i.e., multinucleate, if multicellular.



d.
Zygomycetes are always multicellular.


23.
Select the statement that distinguishes sexual reproduction in Zygomycetes from that in other taxa of fungi.



a.
Zygomycetes do not have heterokaryotic hyphae.



b.
Zygomycetes have flagellated sperm.



c.
The zygote undergoes one round of mitosis before it divides meiotically.



d.
none of the above—Zygomycetes do not exhibit sexual reproduction.


24.
Select the statement true of Zygomycetes that distinguishes their asexual reproduction from that of other fungi.



a.
The spores are diploid.



b.
The spores are haploid.



c.
The spores are formed within a sporangium.



d.
The asexual spores are identical in morphology to the sexual spores.


25.
Select the statement true of Ascomycetes that distinguishes its sexual reproduction from that of Basidiomycetes (if present).



a.
Ascospores, but not basidiospores, result directly from meiosis.



b.
Ascospores, but not basidiospores, result directly from mitosis.



c.
Ascospores, but not basidiospores, are formed on conidiophores.



d.
Of the meiotically formed spores, three abort and one remains viable.
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Grade:  Bonus________ Exam Proper______ Total_______

*****************************************************************

(    Check here if you wish to withdraw permission to have your grade posted by PIN.

(    Check here if you have written a detailed explanation by a question.  This is your only opportunity to challenge a question if you believe it to have two correct responses with neither substantially better than the other or if you believe that no answer is correct.  Start your explanation with “I chose answer ‘D’ instead of answer ‘B’ because . . . .”  Only challenges started thus will be considered, and in some cases, credit will be given even if you mark an answer that does not correspond to the key.  Identify the question that you challenge:  ________________.

I understand that it is a violation of the Honor Code to refer to any information not specifically condoned by the instructor or to receive any information from a source that is not specifically authorized during an exam.  I also understand that I should report to the instructor any violation of the Honor Code unless the person who violates the code reports himself or herself.  In this course, an additional example of a violation of the Honor Code is to divulge information about exam content to anyone who has not taken the exam or to receive unauthorized information about the contents of an exam before taking the exam.

_____________________________________










Signature

*****************************************************************

Bonus Section (Optional Reading)


1.
(2 pts) List two reasons that sexual reproduction in Phytophthora increases the difficulty of controlling it.




a.  recombination of traits via sex




b.  resistant spores formed during sexual cycle


2.
(2 pts) Presently, how many people die per day in Florida of alcohol‑related vehicle crashes?




The answer is 3, but I accepted 1-10 (i.e., a 3-fold range).

3.
(2 pts) Give the common names of the hosts for a fungus that has a heteroecious life cycle (i.e., one that requires different hosts to complete its life cycle).




wheat-barberry, apple-cedar, or any other correct one


4.
(2 pts) Are mitochondria presumed to have a monophyletic or polyphyletic origin?




monophyletic

5.
(2 pts) What are “endophytes,” and how do they benefit the host?




Fungi that live within the aerial portion of a plant and confer some advantage, such as protection against herbivory.

******************************************************************************************

Exam Proper


1.
Select the statement that is both thermodynamically sound and relevant to K+ uptake by guard cells during stomatal opening.



a.
During stomatal opening, the membrane potential of guard cells is positive with respect to an external reference.



b.
K+ uptake is by means of coupled uptake with H+.



c.
The same ATPase that extrudes H+ pumps K+ into guard cells.



xxxd.
K+ uptake is passive, i.e., “down” a free-energy gradient.

Under all physiological conditions, the membrane potential of all plant cells is negative with respect to the outside, so answer a is incorrect.  Potassium moves into guard cells through channels (a passive mechanism), so answers b and c are incorrect.  (Potassium uptake by roots can be an active process.)

2.
Select the statement that is both thermodynamically sound and relevant to uptake of sucrose by the phloem in a source leaf of an apoplastic phloem loader.



a.
Sieve tubes are specialized for sucrose accumulation.



xxxb.
Companion cells accumulate sucrose by means of a coupled H+:sucrose transporter in the membrane.



c.
Mesophyll cells secrete sucrose, and the cell‑wall sucrose concentration is therefore greater than the sucrose concentration in the companion‑cell/sieve‑tube element complex.



d.
Vessel elements are more efficient than tracheids in sucrose export from a leaf.

Companion cells are specialized for accumulation, and sieve tubes for transport; answer a is wrong.  In apoplastic phloem loaders (the type discussed in class), sucrose is secreted by leaf cells and diffuses to the apoplast of  the companion‑cell wall; diffusion is passive (down an electrochemical potential gradient), so answer c is wrong.  Vessel elements and tracheids comprise the path for sap ascent, so answer d is very wrong.


3.
Select the statement that is both thermodynamically sound and relevant to the ascent of solution in the xylem of a tall transpiring tree.



a.
Very large positive pressures are generated in the root and push the sap upward.



b.
Very large negative pressures are generated within the symplast of cells of the leaf.



xxxc.
Bulk flow within vessel elements is driven by lower pressure at the upper part of the plant than in the root.



d.
Selected vessel elements pump the water upward by means of peristaltic contractions.

Although various mechanisms (capillarity, root pressure) may contribute to sap ascent in small plants under some conditions, the cohesion theory, implying negative pressures, is the only mechanism that can account for sap ascent under transpiring conditions in a tall plant, so answer a is wrong.  Under physiological conditions, the symplast is always under positive pressure, making answer b wrong.  Answer d is wrong because no pumping takes place, whether by peristalsis or otherwise.


4.
Select the most nearly true statement pertaining to photosynthesis.



a.
Rubisco is located in the cytosol of photosynthetic cells.



xxxb.
The complete C3 cycle (aka Calvin Cycle) is located in the bundle sheath cells of C4 plants.



c. The C3 cycle (aka Calvin Cycle) is divided between the mesophyll cells and bundle sheath cells of C4 plants.



d.
All plants carry out photosynthesis by use of only the C3 cycle (aka Calvin Cycle) when water and nitrogen are abundant, but some plants develop the C4 pathway in response to water or nitrogen limitation.

Rubisco is located in the stroma (of chloroplasts), so answer a is wrong.  The C3 pathway does not invoke cellular division of labor (as does the C4 pathway), so answer c is wrong.  The C4 pathway is constitutive, so answer d is wrong.

5.
Select the most nearly true statement concerning the anatomy of angiosperms.



a.
In primary growth of the dicot root, the phloem forms a solid core.



b.
Stomata are located only on the lower leaf surface.



c.
Monocots that undergo secondary growth are only able to do so in the second and subsequent years of growth.



xxxd.
Collenchyma is usually found near the epidermis of elongating shoots.

In the primary growth of the dicot root, the phloem bundles are nestled between arms of the xylem, which forms a solid core, making answer a wrong.  Although their distribution differs by species, stomata are commonly on both leaf surfaces, making answer b wrong.  Monocot shoots do not undergo secondary growth, so answer c is wrong.  (The reason is explained in another model exam key.)

6.
Select the best general definition of double fertilization in the angiosperm life cycle.



xxxa.
union of one male haploid gamete and one female haploid gamete to form the zygote plus the union of one male haploid nucleus and two female haploid nuclei to form the endosperm



b.
union of one male haploid gamete and one female haploid gamete, followed by one round of mitosis, then the union of a second male haploid gamete with one of the daughter nuclei, which results in one diploid nucleus and one triploid nucleus



c.
redundant fertilization events that result in the formation of two diploid nuclei, one of which gives rise to the embryo and the other one of which disintegrates



d.
none of the above.  Double fertilization is a distinguishing characteristic of dicots, but is absent in monocots

Double fertilization occurs in all angiosperms, including monocots, so answer d is wrong.  Answer a correctly describes double fertilization, therefore excluding answers b and c.

7.
Select the most nearly true statement concerning the three general sexual life cycles that we covered.



a.
Gametes are always formed by meiosis.



b.
Gametes are formed by mitosis only in organisms that exhibit alternation of generations.



c.
The zygote is haploid in organisms that exhibit zygotic meiosis.



xxxd.
Except in organisms that exhibit zygotic meiosis or alternation of generations, mitosis is restricted to diploid cells.

Gametes are formed by mitosis in organisms that exhibit zygotic meiosis (e.g., fungi) and by organisms that exhibit alternation of generations (e.g., plants), so answers a and b are wrong.  As mentioned on an earlier key, zygotes, by definition, are the fusion products of gametes and are therefore diploid, making answer d incorrect.

8.
Select the most nearly true statement concerning the origin of the three domains (Eubacteria, Archaea, Eukarya).



xxxa.
Eukarya may have arisen through the permanent whole-cell fusion of a eubacterial cell and an archaeal cell.



b.
Although details are lacking, it is well established that these three taxa arose completely independently.



c.
The three taxa developed independently from a common ancestor by a process called trivergy.



d.
18s rRNA analyses indicate that all three taxa are evolutionarily related.

Answer a is correct and therefore excludes the other answers.  Note for completeness that this is only one of the possible explanations.


9.
Select the most nearly true statement concerning endosymbiosis.



a.
All chloroplasts and mitochondria arose by primary endosymbiosis, but the nucleus arose by secondary endosymbiosis.



xxxb.
Chloroplasts of plants arose by primary endosymbiosis, but chloroplasts of some other organisms arose by secondary endosymbiosis.



c.
Typically, a DNA‑containing organelle has a larger genome than the typical prokaryote because additional genes are necessary (e.g., membrane transporters that regulate traffic with other parts of the cells).



d.
Primary endosymbiosis refers to absorption of single molecules whereas secondary endosymbiosis refers to injection of “chunks” of complex foods.

We discussed several plastids (e.g., crytomonads) that arose via secondary endosymbiosis, so answer a is wrong.  Most of the progenitor prokaryote’s genes have been transferred to the nucleus through evolution.  As examples, mammalian mitochondria contain only about 16 Kb of DNA (cf. 5000 Kb in a prokaryote); plant chloroplasts encode for nominally 5–10% of their proteome.  Answer c is therefore incorrect.  Primary endosymbiosis means the engulfing of a prokaryote that becomes an organelle; secondary endosymbiosis means the engulfing of a eukaryote (which by definition already contains organelles that evolved through endosymbiosis).  Therefore, answer d is incorrect.

10.
Select the pair that has very similar light‑harvesting protein/pigments and overall structure of light‑harvesting membranes.



a.
brown algae, oomycetes



xxxb.
red algae, cyanobacteria



c.
red algae, brown algae



d.
green algae, red algae

Oomycetes are heterotrophic, making answer a incorrect.  Red algae and cyanobacteria (as in answer b) have phycobilisomes that harvest light, unlike brown and green algae, making answers c and d incorrect.


11.
Select the most nearly true statement that is relevant to secondary endosymbiosis.



a.
Secondary endosymbiosis refers to an internal symbiosis that occurs during plant growth, such as acquisition of nitrogen‑fixing bacteria or fungal endophytes that protect the host against herbivory.



b.
Unlike chloroplasts derived from primary endosymbiosis, the membranes are always stacked.



xxxc.
Two types of 80s ribosomes may be present in the organism.



d.
Hydrolysis of energy‑rich polymers occurs internally.

Answer a is incorrect (see previous explanation).  The chloroplasts of plants (and some other organisms) were derived by primary endosymbiosis, and they have stacked membranes, making answer b incorrect.  Answer d is irrelevant.

12.
Select the answer that gives a perspective value in bp for the genome sizes of a prokaryote, a plant chloroplast, and a plant, in that order.



a.
5 × 106, 10 × 106, 50 × 106


b.
5 × 106, 0.2 × 103, 50 × 106


xxxc.
5 × 106, 0.2 × 106, 5000 × 106


d.
5 × 103, 5 × 103, 5 × 106
Answer c is correct and therefore excludes the other answers.  It is important to keep in mind, however, that these are perspective values and that the real values vary, sometimes widely.

13.
Select the answer that most strongly supports a monophyletic origin for all chloroplasts.



a.
One group of cyanobacteria, the Prochlorophytes, contains chlorophyll b.



xxxb.
A particular gene arrangement found in all chloroplasts is different from that found in cyanobacteria.



c.
All chloroplasts arose through primary endosymbiosis.



d.
Red algal chloroplasts contain the special pigments phycocyanin and phycoerythrin.

Answer c is incorrect as one infers from previous explanations.  The statements in answers a and d are correct but do not constitute evidence for a monophyletic origin of chloroplasts.

14.
Select the evidence that indicates a close evolutionary relationship between brown algae and oomycetes.



xxxa.
morphology of flagella



b.
chloroplastic 16s rRNA sequence analysis



c.
unusual cell‑wall structures



d.
absence of glycolysis

Brown algae and oomycetes are heterokonts, members of a taxon characterized by an unusual type of flagellum.  Answer a is correct.  Oomycetes do not have chloroplasts, making answer b incorrect.  Neither taxon has unusual wall structures, as found, for example, in red algae, and therefore answer c is incorrect.  As normal eukaryotes, both taxa conduct glycolysis, making answer d wrong.  

15.
Select the phrase that includes attributes of sexual reproduction in Fucus (species discussed in class).


a.
male gamete with single whiplash flagellum, gametes formed by meiosis, external fertilization



b.
internal fertilization, brief dikaryotic stage, immotile female gamete



xxxc.
immotile female gamete, external fertilization, motile male gamete



d.
none of the above—Fucus is classified within the Algae Imperfecti

The male gamete in Fucus is heterokontous, making answer a incorrect.  Fertilization occurs externally and there is no dikaryotic stage, so answer b is incorrect.  “Algae Imperfecti” do not exist, making answer d wrong.

16.
Select the statement that is relevant to sexual reproduction in Phytophthora infestans.


xxxa.
It is essentially a diploid organism.



b.
Fertilization occurs externally, in water droplets on the surface of the organism.



c.
One nucleus undergoes two sequential rounds of meiosis. forming eight gametes.



d.
A brief, free‑living, multicellular flagellated haploid stage exists.

Karyogamy follows plasmogamy in Phytophthora, making answer b wrong.  Subsequent meioses must always be separated by syngamy in order to maintain the chromosome number, making answer c very wrong.  Answer d is contrived.

17.
Select the most nearly true statement pertaining to fungi.



a.
The cell walls are made exclusively of chitin.



xxxb.
Protein and a polymer of N‑acetylglucoseamine are two major components of the fungal cell wall.



c.
Fungal cell walls contain equal proportions of N‑acetylglucoseamine and N‑acetylmuramic acid.



d.
The basic structure of the membrane is a phospholipid with ether linkages between the glycerol backbone and the fatty acid.

Protein and chitin (cf. answer b) are major components of fungal walls, making answer a incorrect.  N‑acetylmuramic acid is a component of bacterial walls, not fungal walls, so answer c is incorrect.  Eukaryotes, including fungi, have membranes based on phosphodiester bonds, not ethers, so answer d is incorrect.

18.
Select the most comprehensive statement that accurately describes the importance of the very negative membrane potential in fungi.



xxxa.
A much larger driving force for the net uptake of cations exists.



b.
The proton concentration is unimportant.



c.
Cations, anions, and neutral compounds like sugars move into the fungal cell passively.



d.
The driving force for the uptake of H+ is about 2–3× that of plant cells.

Answer b is incorrect because both proton concentration and membrane potential are important as driving forces for up take of cations (through, e.g., potassium proton symport).  Any process that takes up a substance against an electrochemical potential gradient is active, not passive, transport.  Cations can be taken up passively, but the accumulation of anions and neutral compounds require active transport.  Answer c is therefore incorrect.  The driving force for the uptake of H+ is greater for fungal cells than for plant cells (answer d), but this statement is not as comprehensive as answer a, which addresses all cations (e.g., K+).

19.
Select the answer that accurately describes fungi.



a.
absence of meiosis, absence of flagella, presence of a cell wall



b.
absence of repetitive DNA, failure of nuclear membrane to disintegrate during nuclear division, presence of single tinsel‑type flagellum during asexual reproduction



c.
mitosis identical to that in animals, cell walls similar to those of bacteria, absence of cotransport systems



xxxd.
failure of nuclear membrane to disintegrate during nuclear division, asynchronous migration of chromosomes during anaphase, absence of centrioles

Fungi have sex, and therefore meiosis, making answer a incorrect.  Fungi (as we restrict its use for simplicity) do not have flagella, making answer b incorrect.  All traits in answer c are incorrect.


20.
Select the best general definition of heterokaryosis.



a.
s rare mitotic event in which the two daughter nuclei are not genetically identical



xxxb.
the presence of nonidentical nuclei within a cell



c.
the process that leads to a chimera, part of the organism that is genetically different from the rest of the organism because of a mutation in founder cells



d.
essentially a synonym for zygotic meiosis

Answer b is correct and therefore excludes the other answers.

21.
Select the best description of a lichen.



a.
a symbiotic relationship that develops spontaneously when an ascomycete and a cyanobacterium occupy the same microenviroment



b.
a symbiotic relationship that is given a scientific name on the basis of the fungal and algal partners, rather than a unique name, because of the relative impermanence of the relationship



c.
a symbiotic relationship in which the root and the fungus are in intimate contact, but the fungus does not penetrate the root 



xxxd.
a permanent symbiotic relationship between/among a fungus/fungi, often an ascomycete, and an alga/algae, either a green alga or a cyanobacterium

An ascomycete and a cyanobacterium may be the components of a lichen, but lichens do not form spontaneously, invalidating answer a.  As implied in the previous sentence, lichens, albeit composites, are permanent, making answer b incorrect.  Lichens are composites of fungi and algae and do not involve plants, making answer c incorrect. 

22.
Select the statement that distinguishes Zygomycetes from other taxa of fungi.



a.
Zygomycetes exhibit zygotic meiosis.



b.
Zygomycetes do not have cell walls constructed of chitin.



xxxc.
Zygomycetes are aseptate, i.e., multinucleate, if multicellular.



d.
Zygomycetes are always multicellular.

Answer a does not distinguish zygomycetes from other fungi, because “all” reproduce sexually by zygotic meiosis.  In this course, we did not cover chytrids or consider them fungi, and the others do have walls of chitin, making answer b incorrect.  Most basidiomycetes and most ascomycetes are multicellular, so answer d does not distinguish them from zygomycetes.

23.
Select the statement that distinguishes sexual reproduction in Zygomycetes from that in other taxa of fungi.



xxxa.
Zygomycetes do not have heterokaryotic hyphae.



b.
Zygomycetes have flagellated sperm.



c.
The zygote undergoes one round of mitosis before it divides meiotically.



d.
none of the above—Zygomycetes do not exhibit sexual reproduction.

Answer b is incorrect because fungi (as narrowly defined in BOT 3015, which ignores chytrids) do not have flagella.  Fungi reproduce sexually by zygotic meiosis, which by definition means that the zygote undergoes meiosis, making answer c incorrect.  Zygomycetes do reproduce sexually, so answer d is wrong.

24.
Select the statement true of Zygomycetes that distinguishes their asexual reproduction from that of other fungi.



a.
The spores are diploid.



b.
The spores are haploid.



xxxc.
The spores are formed within a sporangium.



d.
The asexual spores are identical in morphology to the sexual spores.

Asexually produced fungal spores are haploid, making answer a incorrect.  (As discussed, fungal life cycles can be very complex, so this statement is taken as a generality.)  Answer b is incorrect, as it does not distinguish zygomycetes from other fungi.  The distinguishing characteristic of zygomycetes is the sexual formation of a thick‑walled resting spore that is distinguishable from asexual spores, making answer d incorrect.

25.
Select the statement true of Ascomycetes that distinguishes its sexual reproduction from that of Basidiomycetes (if present).



a.
Ascospores, but not basidiospores, result directly from meiosis.



xxxb.
Ascospores, but not basidiospores, result directly from mitosis.



c.
Ascospores, but not basidiospores, are formed on conidiophores.



d.
Of the meiotically formed spores, three abort and one remains viable.
Answer a is states the case inversely.  Conidiophores are asexual structures, making answer c incorrect.  All spores are viable, so answer d is wrong.
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�As already discussed extensively, estimates of the number of species varies from one source to another.  Alexopoulous et al. (Introductory Mycology, 1996, John Wiley) put the total known number (including chytrids and many polyphyletic heterotrophic protistans) at 69,000 and the total number estimated to be 1,500,000.  Rytas Vilgalys (New Phytologist 160:  4–5 (2003)) cites 1,500,000 also.


�Time constraints permit coverage of only certain groups, and what is said applies only to those groups, i.e., the Zygomycota, the Ascomycota, and the Basidiomycota.  As emphasized on the PowerPoint slides, members of another group, the Chytridiomycota (about 750 species), do not share many of the characteristics of other fungi (e.g., chytridiomycetes have motile cells).  Conversely, some biochemical (e.g. walls of chitin, presence of glycogen) and molecular-biological traits ally chytridiomycetes with fungi, placing the chytrids as a parallel group in the fungi.  Therefore, in emerging schemes, the kingdom Eumycota (= Fungi) comprises four groups, Chytridiomycota (for reasons mentioned), Zygomycota (as discussed here), Glomeromycota (fungal group most often found in endomycorrhizal associations and otherwise considered to be zygomycetes), and Dikaryomycota (= Ascomycetes + Basidiomycetes).  Yet another group (microsporidians—single-celled obligately parasitic, lacking mitochondria and peroxisomes) are even less related and are sometimes included with fungi and sometimes not.  On the other hand, a representative example, Phytophthera, of a heterotrophic protistan (Oomycetes) that was formerly considered a fungus was included in the previous unit.  In addition, we will also not cover the cellular slime molds, about 25 species, and the plasmodial slime molds, about 450 species.  These two groups of organisms are not similar to each other or to any of the groups that we cover in this course.  This entire paragraph points to the weakness of a large hierarchical classification system, which, for pedagogical reasons in an overview course like this one, seems necessary.  Still, our central focus will capture 99% of fungi.


�“rotten” + “life.”


�Indeed, a large number of fungi infect humans.  For a quick glance at some of these organisms, see D. H. Larone (1995) Medically Important Fungi, ASM Press, Washington D.C.


�We have discussed mycorrhizae (which see); in this chapter, we will discuss lichens (mutualistic relationships, each formed between a fungus and either a green alga or a cyanobacterium).  A range of other interesting symbiotic relationships exists.  E.g., at least 23 species of grasses and sedges associate with “endophytes,” fungi that live within them and discourage herbivory.


�Several papers report the presence of cellulose in the walls of some Ascomycota (one of the three groups of fungi that we will study).


�This raw value, 10%, barely begins to explain the complexity.  The plant-cell wall contains several hundred enzymes and other proteins, and cell-wall biogenesis requires the actions of several thousand genes.  (Summary by Capita et al., Plant Physiology 129:  397 (2002).)


�To read further, see Kuhn et al. (1990, Biochemistry of Cell Walls and Membranes in Fungi.  Springer�Verlag, New York).


�The maximum membrane potential that a plant cell can generate is about –200 mV (but theoretically higher).  The theoretical limit is the point at which the –ΔG for ATP hydrolysis is equal to the +ΔG for proton extrusion and the “practical” limit is set by many factors such as ability to regenerate ATP, capacity for proton extrusion, and membrane leakage.  (At these potentials, the H+-extruding ATPase is driving the membrane potential.)  The ΔG for ATP hydrolysis depends on the concentrations of all the reactants and products (Rx and Px in the following equation):  ΔG = ΔG° + RT ln ((Pi × Pj . . .)/(Ri × Rj . . .)).  Therefore, if the intercellular [Pi] and [ADP] are low and the [ATP] is high, the ΔG will be larger (and therefore be able to drive H+ out at a very negative membrane potential).  In addition to this explanation for the ability to generate a very negative membrane potential, others are also given.


�Saccharomyces cerevisiae (brewer’s yeast) and a few others are exceptions—they have haploid and diploid stages.


�Yeast means “to boil” and is obviously derived from the foaming and frothing that occurs during fermentation.


�I would prefer not to sound too self-righteous, BUT let us look very briefly at ethanol, widely used as a “social lubricant.”  However, it mostly lubricates the mind of the person who has consumed it and sometimes in a quite comical way.  (An amusing image that always rises to the top of my mind is that of a guest in the tavern bathroom—in full view of God and everybody, or at least everybody simulating that guest’s sex that day—preening himself before a mirror with greatest admiration, emotive self�adulation, and devotion, but for reasons obscure to observers, whether sober or drunk.)  Anyhow, alcohol consumption has a darker side.  Loss of function and control occurs.  According to the Florida Alcohol and Drug Abuse Association, seven of ten U.S. adults drink and one of seven of these are alcoholics (the latest figures available in 2001).  That's 10% of people aged 18 or older.  About 40% of adult Americans have direct family experience with alcohol abuse.  About half the males in my paternal lineage were alcoholics, and therefore the general figures are consistent with my personal experience.


A clear increase in violence occurs when alcohol is involved, implying that someone else’s drinking is also a health hazard.  Fifty-four percent of murders and attempted murders, 68% of manslaughters, 52% of rape/sexual assaults, and 48% of robberies are alcohol�related.


Here are some concrete facts:  The greatest risk of an auto crash involves a driver who is 20 years old.  Twenty�one-year-old drivers are absolutely and percentage-wise the most likely to be at the wheel of a fatal crash.  They are, by a good margin, the most likely to be involved in a fatal alcohol-related accident (on a per-license basis, >10× more likely than older drivers).  The good news is that the death rate (ca. 2 per 100 million vehicle miles) is only half what it was two decades ago, thanks in part to a large decline in alcohol-related crashes (now, at more than 3 alcohol�related fatalities per day in Florida).  Indeed, the percentage of auto�crash fatalities attributable to alcohol dropped to <40% (ca. 16,000/year) of the total auto�crash fatalities for the first time in 1997.  Of course, Florida’s leaders discourage driving under the influence.  The cost of a DUI in Florida now is about $7,000 to $25,000 (bond, court costs, attorney fees, vehicle impoundment, DUI school, probation fees, community service, driver’s license reinstatement, auto insurance).  (Facts from the Florida Department of Highway Safety and Motor Vehicles.)  Despite this cost, 1.4 million people were arrested DUI/DWI in the U.S. in 1997.  As a follow-up, note that MADD indicated that 15,786 persons were killed in alcohol-related accidents in 1999 in the U.S.  Unfortunately, that trend has reversed in the past few years.


In Leon County, alcohol-related crashes have summed to 457 (1997), 510 (1998), 518 (1999), 515 (2000), 555 (2001) and 436 (including 21 fatalities, 2005).  Drinking and driving is about as dangerous as using a cell phone and driving.  Think about it:  “Out on the highways, drunk driving and not buckling seat belts ‘are the leading causes of injuries and deaths,’ ” Lt. David Folsom  (TPD) reported (Tallahassee Democrat, pg 2b, Tuesday July 11, 2006).  


Want cancer of the mouth, pharynx, larynx and esophagus, or maybe of the liver and breast?  Then drink alcohol.  (See the 9th Report on Carcinogens 2000 from the U.S. Department of Health and Human services.)


Before I get off this soapbox, I do have a strong message:  Do not drink if you are at risk of pregnancy.  From the CDC website (� HYPERLINK "http://www.cdc.gov/ncbddd/fas/" ��http://www.cdc.gov/ncbddd/fas/�):  “When a pregnant woman drinks alcohol, so does her unborn baby.  There is no known safe amount of alcohol to drink while pregnant and there also does not appear to be a safe time to drink during pregnancy either.  Therefore, it is recommended that women abstain from drinking alcohol at any time during pregnancy.  Women who are sexually active and do not use effective birth control should also refrain from drinking because they could become pregnant and not know for several weeks or more.”  If you question this admonition, search Fetal Alcohol Syndrome, or its milder twin, Fetal Alcohol Effect.  Then, think of your baby. About one of 1000 babies has Fetal Alcohol Syndrome (that’s almost as high as Down Syndrome!).


Is drinking a problem for you?  The American Medical Association coordinated a study conducted by the Harvard University School of Public Health.  FSU was part of that study and received a grant.  In brief, the key findings relating to FSU were (page 2E, July 8, 2001, Tallahassee Democrat):  90% of students drink alcohol; 55% are binge drinkers (5 drinks in a row for a man; 4 drinks in a row for a woman, every two weeks); 35% are frequent binge drinkers (alcohol consumption as mentioned, every week); over 20% have a diagnosable drinking disorder.  Within the community, Tallahassee received 1900 calls for out�of�control parties, and underage drinking cost Leon County $61 million in 2000.  The first stages of alcoholism involve dependence on the mood-altering ability of alcohol.  Do you drink to perk up, to calm down, to celebrate, to mourn, to be sociable?  For more, go to “Overview of alcohol-related problems,” part of Columbia University’s Home Medical Guide.  You may search and find there, for example, the mystery of the dark green sputum, for which alcoholism is one of the two leading risk factors.  Not way cool.


According to a 2002 study, about 1,400 college students 18 to 24 die annually as a result of alcohol abuse  (New York Times, � HYPERLINK "http://www.nytimes.com/2004/11/09/education/09alcohol.html?oref=login" ��http://www.nytimes.com/2004/11/09/education/09alcohol.html?oref=login� accessed Nov. 9, 2004).  . . . and, why does the average college student spend more than $900 per semester on alcohol?  (See the Tallahassee Democrat pp 1-2B, Aug 29, 2004.)  What motivates a person to loose control of him- or herself, risk harming oneself or others, expose oneself to criminal or civil penalties, all the while pouring money into the corporate coffers?


It would be nice to give you some good news about ethanol.  To some extent, politics is about giving people good news.  (Remember Carter’s “Malaise Speech”?)  So, “interested parties” have developed biomass-based production of ethanol, for example, from sugar cane in Brazil.  The largest maize producer in the world is the U.S., and about 20% of the corn production goes to ethanol manufacture.  Corn production is subsidized by the U.S. government ($10 billion) and ethanol producers from corn get another $5 billion from the government.  Why should this be, since “more fossil energy is used to produce ethanol from corn than the ethanol’s calorific value?”  See Crit. Rev. Plant Sci. 23:  519-567 (2004).


�This group includes Zygomycetes—the basis for these notes—and another group, the Tridomycetes, which we will not study.  Therefore, all my comments pertain to the name taxon, Zygomycetes.  As an interesting point, “zygo” is a Greek derivative meaning yoke or to join.  Therefore, the zygomycetes, which reproduce sexually by the conjugation of two mycelia, are “joining fungi.”


�Although some diseases are very specific to a particular host, Mucor and Rhizopus are promiscuous.  Let me quote from one of my favorite books (I. J. Condit, 1947, The Fig, Chronica Botanica, Waltham MA):  “The common bread mold, Rhizopus nigricans, is commonly associated with soft rot of figs.  Edgerton (1911) aptly describes it as a 'trouble which is well known to every one (sic) who has ever raised figs'.  The trouble occurs chiefly during rainy spells in the summer when the fruit is ripening.  The fruit sours, becomes soft and rotten, and, finally, generally falls to the ground.  At the time the fruit falls, it is generally so soft that it all goes to pieces when it strikes the ground.”  In California, Rhizopus and a species of Mucor are both responsible for soft rot of figs, but they are prevalent mostly in humid weather.”


�Defining these organisms in this way is suspect because modern molecular analysis shows organisms included in this definition to be polyphyletic, as alluded to previously.


�Zygospore refers both to the zygospore per se and to the zygosporangium, but a clear consensus on how these two words should be used has not developed.


�“sporangium” + “bearer.”


�One ascomycetous cereal disease stands out.  The disease, caused by infection of rye (Secale cereale) by Claviceps purpurea, played a prominent role in European history.  Briefly, the toxic alkaloids produced by the fungal ergots, or grain�like structures, were mixed with the grain during milling and caused a number of strange sensations in the consumer (hallucinations, “creepy” skin, even gangrene).  Therefore, some would fall ill; others would not, indicating that it was not contagious.  Children and feeble people were the most susceptible.  In severe cases, the limbs would rot away (because the alkaloids constricted blood flow) and hospitals dedicated to St. Anthony were established to care for these invalid victims (hence, the condition, St. Anthony’s fire or holy fire).  Disease outbreaks were sporadic and were especially likely following a cold winter and a cool wet spring.


The saddest chapter of all of this may be that witches (young girls and women who behaved strangely—LSD is isolated from this fungus) were tortured to death simply because they had ingested some infected grain.  Therefore, flames seared the life from tens of thousands of women; in other places, hanging was the MO.  Testimony or a confession, of course, was essential to convict witches, whose punishment was sanctioned (Exodus 22: 18—”Thou shalt not suffer a witch to live.”).  Consider this episode from our own history, 1692, Salem, MA (from the Smithsonian Magazine):  “On August 19, five more were hanged, another eight on September 22.  'What a sad thing to see eight firebrands of hell hanging there', said a minister.  'Sad' was not quite the word for Giles Corey’s fate.  Accused along with his wife, the bitter, iron�willed man would lose his land if convicted, land that he had willed to his children.  But if he refused to testify, the court couldn’t pass judgment.  So the 80�year-old Corey remained silent.  Laid beneath a wooden plank, he was pressed with heavy stones.  Wouldn’t you talk now, Giles Corey?  More and more stones were piled on.  After two days, with his tongue pressed far out of his mouth, his only comment was 'More weight'.  Finally he was crushed to death, but his land stayed in the family.”  You’ll be happy to learn that the last of the Salem witches were exonerated on Halloween 2001.  For a recent scholarly review of the conviction of the innocent and a record of the exonerations, see Fisher, 2002, “Convictions of innocent persons . . .” Boston University Public Interest Law Journal, Vol. 12.


For some general reading about plant diseases and people, consult G. L. Schumann, 1951, Plant Diseases:  Their Biology and Social Impact.  APS Press, St. Paul, MN.


�Powdery mildew is one of the most serious diseases of apples in some regions, and its control requires up to 15 fungicide treatments per season.  The germinating conidium penetrates the leaf cuticle and grows a “feeding foot” into the epidermal cell, which anchors it and provides nutrition.  (Some pathologic fungi enter the leaf not by digesting the cuticle but instead through stomata.)  The conidia form from overwintering mycelia in buds.  Interestingly, the buds that are infected open later than other buds.  Therefore, by the time of conidium production, leaves produced by the uninfected buds are available to be inoculated.  Although this organism has a sexual stage, it appears not to be important to the spread (or control) of the disease.


Apple cultivars vary considerably with respect to susceptibility to powdery mildew.  Of the apples that you are likely to see in the grocery store, Jonathan, Rome, Gravenstein, Stayman, and Granny Smith are moderately or highly susceptible, whereas Delicious, Golden Delicious, and Winesap are less susceptible.  As progeny and parents vary in susceptibility—Winesap is a parent of Stayman—I have tested a low-chill Granny Smith offspring, Reverend Morgan, for tolerance.  Unfortunately, Reverend Morgan requires too many chill units for this area.


�This genus and Botrytis cause a number of leaf and fruit diseases in edible species; the disease is often referred to as “bot rot.”  Apple losses of 25–50% have been reported for the southeastern United States.


�Bill Petty has a website that would be of interest to local fungus freaks.  Pay a call at � HYPERLINK "http://www.polaris.net/~annep/FloridaFungi/" ��http://www.polaris.net/~annep/FloridaFungi/�.


�When the hypha is broken, the cellular contents might be expected to spill out through the septal pore.  Nature has solved this problem by the evolution of a so�called Woronin body, which moves to the septal pore and occludes it, permitting the cell to survive until the membrane is patched.


�goat skin, or “cup.”


�The generality is that (1) the ascomycete zygote divides once by meiosis and then once by mitosis to produce 8 ascospores, and (2) the basidiomycete zygote divides once by meiosis to produce 4 basidiospores.  Think of this generality just as you thought of the 8/7/3 model for the angiosperm gametophyte—it is generally true and provides the simplest way to approach a concept.  None of these generalities is absolute, as I have already discussed with the angiosperms.  For example, as indicated by its name, the basidiomycete Amanita bisporigera produces only two spores.


�Here, the biological species concept (= a natural population or populations of individuals that are actually or potentially capable of interbreeding and are isolated reproductively from other populations) cannot be applied, of course.  Historically, most fungal species have been defined by means of a morphological species concept (i.e, a species is defined by morphological characteristics and when a population differs sufficiently in these characteristics from another population, the character discontinuities are the bases for separation of the populations into separate species).  The phylogenetic species concept (= a population that shares sequences that are not shared to the same extent with other populations) is quantitative, too.  It and the morphological species concept are most commonly used today to classify fungi.


�Whatever!  “Deutero” means “second,” so these were second-class fungi—because they could not reproduce sexually, they were called imperfect.


�Wheat is a major export crop in the U.S. (ca. $5 billion annually) and it was therefore disconcerting when the smut disease karnal bunt was discovered in the U.S. in March 1996.  (Members of a class of Basidiomycetes cause smut diseases.)  Although karnal bunt usually has a small effect on yield, it renders the grain unpalatable (because of its fishy odor).  For this reason, and because karnal bunt does not occur in some countries, importers have strict regulations about importing wheat.  The situation is fluid.  For more information (including a life cycle!) see � HYPERLINK "http://www.aphis.usda.gov/" ��http://www.aphis.usda.gov/� and search for karnal bunt.


�The devastation brought on by and the cost to protect against basidiomycetes such as the wheat stem rust fungus, Puccinia, are deserving of attention equaling that given to ascomycetous diseases in the previous section, but because of time constraints, those diseases will have to stand as a reminder of all fungal diseases.  Later, as a means of emphasizing the importance of studying life cycles, more about the wheat rust will be said.


�On May 21, 1992, a plant scientist from Washington (state) reported that he had identified an Armillaria bulbosa specimen that covered 1500 acres.  At the time, this fungus was the world’s largest known organism.  (For other fun facts, see R. A. Howard, 1996, An Almanac of Botanical Trivia, published privately, Acton, MA.)  In 2000, an even larger fungus (Armillaria ostoyae, honey mushroom) was discovered in Oregon.  In brief, aerial photos revealed a pattern of tree decline, and fungal samples were found identical by DNA analysis.  This most recent example covers 2200 acres (that’s 1600 football fields!) and is estimated to be 2400 years old.


�This is but one of about 50 organisms named in honor of William Henry Ravenel (1814–1887).  (Phallus has the usual meaning, a rod.)  Ravenel, a South Carolinean, developed an interest in botany in 1841 and took up mycology in 1846, although he remained a planter until 1853.  (Several Ravenels were early planters in South Carolina, but that is a different story; see the diary and associated papers of C. A. Bowen, Astabula Plantation.)  Ravenel had something important to say to us, though, that is of general interest in considering a research plan, a teaching plan, a business plan . . . . “I look upon our work at present in this light.  Here is a most untrod, almost unexplored wilderness of new and strange forms—a field white for the harvest.  Shall we stroll over these grounds, gather what we can, and arrange and assort as best we may, leaving to those who come after us the task of rearranging and (doubtless) of correcting our many errors—or shall we occupy only a little corner with more close inspection, and leave the great field beyond entirely out of sight?”


�Avoid amanitas unless you are an expert.  Many are lethally poisonous and no antidote is known.  Ingestion of amanitas accounts for about 90% of fatalities associated with eating wild-collected mushrooms.  The bold mushroom eater is fine for 12–36 hours, then gets sick (bloody diarrhea and so forth), recovers for some time, up to a day or two, then dies.  Many kinds of mushroom poisons are known, however, and it is hard to predict what the outcome of eating an unknown mushroom may be (individual idiosyncrasies, age, synergy with alcohol consumption).  Not to despair, all mushrooms are edible (but I should add that some are edible only once by any particular person).  (


One of the toxins in Amanita phalloides is phalloidin, which binds to polymeric actin (but not monomeric actin).  It is exquisitely toxic—the LD50 for mice is 2 mg/kg, which means that about 1/35th the mass of a U.S. five�cent coin would probably kill an average man.  Conjugated with fluorescent moieties, phalloidin is used to “stain” actin in histological samples.  The use of natural toxic substances as biological tools is a common theme in research.


�The individual species in any major group are, of course, expected to differ in life cycle, but it seems to me that Basidiomycetes win hands down in terms of complexity and variability.  The rusts (order Uredinales, class Heterobasidiomycetes) are obligate parasites of vascular plants.  “As many as five types of spores are produced in the life history of some rusts, and many species require two different host species in order to complete their development . . . .  Where two hosts are required, they are always from different plant groups:  a gymnosperm and an angiosperm, a fern and a gymnosperm, or a monocot and a dicot.”  (Scagel et al. op. cit.)  The rusts parasitize many economically important plants.  An example is Puccinia graminis, which infects wheat (Triticum aestivum) and causes wheat stem rust.  This pathogen has plagued humanity for at least 3000 years as indicated by archeological finds in Israel.  As early as the 1600s, the French observed that the rust was worse near barberry bushes (Berberis vulgaris, but not the Japanese barberry that is used in landscaping) and a legislative act was made to eradicate the barberry.  Anton deBary, the father of modern mycology discovered the connection between wheat and barberry when he failed to get one type of the fungal spores collected from wheat to germinate and grow on wheat (deBary, 1831–1888, Strasbourg, then Germany, now France).  Then, considering the long�time observation that wheat rust is worse near barberry, he tried and succeeded to get the basiospores to germinate on barberry.  (In the end, this organism produces basidiospores, uredospores, teliospores, and aeciospores, but let us leave the details to the experts!)  This was the first documentation of a heteroecious (“different houses”) life cycle.  Following his discovery, many other life cycles were worked out.  (One of interest to me is the apple-cedar rust, but I cannot eradicate cedar everyplace, though I would like to.)  So, where are we with the wheat-rust story?  To maintain inoculum in a given isolated cold-winter locale, both the barberry and wheat are required because uredospores (asexual, and which can repeatedly infect wheat) cannot survive the winter.  In the real world, however, wheat is grown in the southern United States and Mexico, and these locales provide a source of uredospores.  Therefore, each year, uredospores blow northward as the wheat crop is planted; this wind path is called the Puccinia Pathway, from Mexico up through central Canada.  The efforts to eradicate barberry have helped, though, because without the barberry the sexual life cycle cannot be completed.  And, remember, the exciting thing about sex is the variability among the offspring.  So, although there are a possible 56,000 races of Puccinia to contend with, before the major U.S. eradication program (1918), there were 28 infective races and 7 major ones.  Now there are only about 5 races and 2 major ones.  Obviously, mutation cannot supply the enemy with the variability that sex can.  (Most of these facts are from Schumann op. cit.).


�Let us see now.  Promiscuous as well as very specific pathogenic relationships involve plants and fungi.  Specific and promiscuous mutualistic relationships between plants and fungi also occur (mycorrhizae, endophytic relationships).  Finally, mutualistic relationship develop between fungi and algae (lichens), and, of course, fungi digest and are digested by a host of other organisms.  Whew!  Now, let us turn to another and exotic example—the farming of fungi by ants!  This interesting footnote was written by Jon Seal, an FSU graduate student who was a TA in BOT 3015.  Thanks, Jon.


Essay by Jon Seal.  Agriculture is not unique to humans.  Indeed the first farmers were a group of either ants or termites, both of which independently evolved a form of fungiculture about 50 million years ago (Diamond 1998).  In contrast, human agriculture is 15,000 years old at best.  Of the two nonhuman agricultural societies, the ants are better understood, but the details are only beginning to emerge.  The fungus-gardening ants cultivate a basidiomycete on substrates of botanical origin, such as leaves, flowers, or caterpillar excrement (manure).  Recent molecular work indicates that most of the ant fungi come from a single family of gill-forming mushroom (the Lepiotaceae) and are very similar to the common edible mushroom (Mueller et al. 1998).  Because ants prevent their fungi from producing sporocarps (critical structures for adequate identification), it took nearly 100 years to reach this conclusion.


Though the ancestral condition probably involved an ant and a lepiotaceous fungus, several subsequent changes have occurred.  Some fungal lineages have been returned to the wild, and free-living types have recently (~ 10,000 years ago) been domesticated (Mueller et al. 1998).  Some ant species abandoned the Lepiotaceae entirely for a cultivar in a distantly related family; the other species in this genus still have the ancestral cultivar (Chapela et al. 1994, Mueller et al. 1998).  Another genus is similarly split, into a group that cultivates the yeast form of their fungus while the other species apparently cultivate the filamentous form of the same cultivar.  Still more fascinating are the findings that nests of the same species inhabiting a given area may have entirely different cultivars and that distantly related ant genera may have the same cultivar (Mueller 2002).  As has happened during the evolution of human agriculture, cultivars have been exchanged or shared by related and unrelated ant genera, if not stolen outright by raiding parties (Diamond 1998).


The last main type of ant-fungus relationship involves a group of highly derived ants and highly derived fungi that have been in association for about 20 million years (Chapela et al. 1994).  Unlike those of other ant fungi, the hyphal tips of these unique types are swollen into structures called gongylidia that are filled with simple carbohydrates, amino acids, and lipids.  The ants simply pick these tips and eat them directly or feed them to their offspring.  In this group are the leaf cutter ants and a very common ant in north Florida, Trachymyrmex septentrionalis.  These ants appear to feed their fungi a greater percentage of fresh plant material than the other ants; hence the name leaf-cutter ants.  They provide their fungus gardens almost exclusively with fresh leaves.  Unless the leaves are actually toxic to the fungus, all plants appear to be fair game.  I have seen leaf cutter ants collecting flowers from the tops of canopy-emergent trees in Costa Rican rainforest (>100 feet high).  The leaf-cutter ants achieve the highest colony sizes of any ant on Earth, upward of 8 million ants in a single colony.  The biomass represented by the ants and their fungus and the amount of biomass consumed per day is the equivalent of an average cow.  For this reason, the leaf cutters are of prime economic importance in a large zone extending from Texas-Louisiana south to Argentina.  They have been known to defoliate gardens and other crops in a matter of hours.


Ant farmers are faced with many problems similar to those that humans face when cultivating a monoculture:  poor growing conditions, weeds, and pathogen attack, among others.  A good portion of all workers in a given colony are actually weeding, pruning, and sculpting their garden in the attempt to maximize its productivity.  Ants must also spend energy moving their garden deeper into the soil, should temperatures get too warm near the soil surface in hot periods, and then back up again when the weather is cooler.  They secrete a variety of fertilizers and fungicides from their mouths or recta and apply them to various parts of the fungus to prevent weedy species of fungi from taking over the garden.  Interestingly, their defenses against pathogen attack involve a Streptomyces bacterium that produces an antibiotic toxic to the extremely virulent fungus Escovopsis, which is known only in association with ant fungi (Currie et al. 1999).  The bacterium grows on individual ants, and the antibiotic is sloughed off as the ants walk over the fungus garden, keeping Escovopsis growth at a minimum.
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