Biology 1407 – Exercise 21

Fungi, Lichens and Mycorrhizae
Objectives: 

1. List the phylum characteristics for the Zygomycota, Ascomycota, Basidiomycota. 

2. List the general characteristics of lichens and mycorrhizae. 

3. Define: lichen, mycorrhizae, coenocytic, absorptive heterotrophic nutrition, 
    zygospore, hypha, septate hypha, nonseptate hypha, conidiophore, conidiospore, basidium,  
    basidiospore, stipe, gills, mutualistic symbiosis, crustose, foliose and fruticose. 

4. Be able to recognize representatives of each of the taxa provided in lab.

5.  Outline the general life cycle of the Zygomycota.

6.  Outline the general life cycle of the Ascomycota.

7.  Outline the general life cycle of the Basidiomycota.

8.  Identify the unique characteristic that distinguishes the Chytridiomycota from other fungi.

9.  Identify the unique characteristic that distinguishes the Glomeromycota from other fungi.

10. Discuss the structure of lichens, their role in the environment and the characteristics of the 
      symbiotic association they represent.

11. Identify the role of mycorrhizae in the environment.

12. Discuss the symbiotic association that mycorrhizae represent.

13. Differentiate between endomycorrhizae and ectomycorrhizae.

14. Recognize what the Deuteromycota once represented and why the taxon no longer exists.

Exercise 21 - Fungi
Characteristics of Fungi

All true fungi except the most primitive are characterized by a lack of flagellated or motile cells at any time during the life cycle. They have cell walls of chitin and all except the yeast and some Chytrids are multicellular.  Fungi are composed of filaments of cytoplasm called hypha, while the total body of the fungus is referred to as the mycelium. They have many morphological and physiological characteristics that make them well adapted to a wide variety of habitats.  Many Fungi are significant in the decomposition of non-living organic matter while others are mutualistic symbionts and still others are parasitic.  They are most common in the terrestrial environment although a few are aquatic.  We will examine members of the Chytridiomycota, Zygomycota (zygospore producing), Ascomycota (sac fungi) Basidiomycota (club fungi) and the Glomeromycota (arbuscular fungi).  Lichens and mycorrhizae, both of which are symbiotic associations, will also be reviewed. 
As one of the major groups of decomposers, fungi are adapted to nearly all habitats in which life is found on earth. They range in complexity from single-celled yeast to those with filamentous bodies and finally to the most complex fungi that produce large multicellular fruiting bodies, such as mushrooms, puffballs, bracket fungi and cup fungi. They reproduce sexually and asexually by a variety of spores, as well as by fragmentation of the mycelium, cell division, and budding. The dominant phase in the life cycle is haploid.  In fact the only diploid cells in the life cycle are the zygotes.

The type of sexual reproduction and the type of multicellular gametangium is a significant criteria used in fungal taxonomy.  Additionally the type of hypha, septate or non-septate, the type of asexual spores and spore motility are also considered as significant criteria in classification.

PHYLUM  CHYTRIDIOMYCOTA


The Chytrids are the most primitive of the fungi and may represent the most direct descendants to the common ancestor of the Kingdom Fungi.   Chytrids are mostly microscopic and mostly aquatic although several species live in the soil as saprobes or are parasites on plants and some animals, and still others are mutualistic symbionts in the gut of cattle.  The unique characteristic that distinguishes Chytrids from other fungi is the production of flagellated swimming asexual spores.  The Chytrid, Batrachochytrium dendrobatis, is a pathogen that is responsible for an epidemic that has destroyed two-thirds of the Harlequin Frogs of the American tropics.  Be familiar with the general characteristics of the Chytridiomycota.  In lab we only have photomicrographs for you to observe as representatives of this phylum.

PHYLUM  ZYGOMYCOTA: ZYGOSPORE PRODUCING FUNGI 

Members of the Zygomycota have nonseptate hypha, which means that there are no cross walls separating one cell from the next.  With no separating cell walls between cells each filament is multinucleate or coenocytic. This is a unique characteristic of the Zygomycota.  Members of this group reproduce asexually by nonmotile spores produced in a sac-like sporangium that develops at the tip of an upright hypha. Sporangia are thin walled, rupture easily, and are produced on upright hypha called sporangiophores.  In sexual reproduction the gametangia are similar in size and shape and generally arise as specialized lateral hypha produced by different mating types.  As they grow toward each other the terminal cells wall off becoming the gametangia.  As fusion of the gametangia occurs, nuclei of the different mating types pair producing a dikaryotic condition.  Paired nuclei then fuse producing many diploid zygotes within a thick walled resistant structure, the zygosporangium.   The zygosporangium may be short lived or may persist for months or even years before meiosis occurs.  At a point which varies from species to species, zygotes undergo meiosis within the zygosporangium producing haploid spores, half of each mating type, that are released from a sporangium and germinate into new vegetative hypha.  The example available for observation, Rhizopus stolonifera, is distributed worldwide and is not only an important saprophyte but is a soft rot pathogen of sweet potatoes and other vegetables.    Observe Figure 2 below as an example of the lifecycle of a Zygomycota. 

Activities: 

I. 
Observe a culture of Rhizopus stolonifera noting individual hypha, sporangiophores and 
sporangia 

2. 
Observe prepared slides of Rhizopus showing sporangiophores, sporangia and zygospores. 

3.  Note the structure of the zygosporangium.

4.  Study the lifecycle of a Zygomycota.

5.  Recognize the difference between sexual and asexual reproductive structures.

6.  Note figures 21-1 through 21-5 in your lab manual.

FIGURE 2: Rhizopus stolonifera
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PHYLUM  ASCOMYCOTA: CUP OR SAC FUNGI 

Members of the Ascomycota have septate hyphae and reproduce asexually primarily by conidia or conidiospores produced on conidiophores, and sexually through the production of a relatively large multicellular cup or sac-like fruiting body, the ascocarp.  Conidia and conidiophores occur singly or in aggregates.  In the sexual phase of the life cycle, spores of opposite mating types growing on the same substrate become involved in sexual reproduction.  The female type produces a sac-like ascogonium that contains many nuclei.  The male strain produces a sac-like antheridium, which also contains many nuclei.  An antheridial hypha grows from the antheridium to the ascogonium.  After the antheridial hypha fuses with the ascogonium, nuclei move from the antheridium to the ascogonium.  Nuclei of opposite mating types then pair forming an extensive growth of dikaryotic/heterokaryotic hypha that form a multicellular sac or cup-like sexual fruiting structure the ascocarp.  The cells lining the surface of the ascocarp elongate forming the asci.  In each ascus the paired nuclei fuse forming the diploid zygote.  Next the zygote undergoes meiosis followed by mitosis, which produces eight sexual spores called ascospores, half of each mating type.  Ascospores are usually liberated by forcible ejection, while in some cases the ascospores ooze out, and in others they are released after mechanical breakdown of the ascocarp wall. Observe Figure 3. 

FIGURE 3: ASCOMYCOTA CHARACTERISTICS
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Spore Types: Ascomycota

Activities: 

I. 
Observe examples of conidia by observing slides of Penicillium and Aspergillus.
2. 
Observe ascocarps of representative Ascomycota. 

3. 
Observe a cross section of the ascocarp of Peziza, noting the individual asci and ascospores.

4.  Observe Figure 21-6 through 21-10 and 21-17 in your lab manual. 

PHYLUM BASIDIOMYCOTA: CLUB FUNGI 

These fungi have septate hypha with many spending much of their life cycle in the dikaryotic condition. The Phylum Basidiomycota is made up of two well-defined groups. The first group produces club-shaped basidia in complex fleshy fruiting body, the basidiocarp. These include mushrooms, puffballs, coral, bracket fungi, shelf fungi, bird nest fungi, and stinkhorns. The other group does not produce a basidiocarp, but often produce several types of spores one of which is a sexual spore similar to a basidiospore produced on a single hypha. The rusts and smuts, which are major plant pathogens, belong to this latter group.  The rusts have morphologically differentiated structures that function in sexual reproduction.  In other Basidiomycota, sexual reproduction is initiated by the establishment of a dikaryotic mycelium.  Under appropriate environmental conditions the mycelium produces a large multicellular basidiocarp such as a mushroom.  Within the basidiocarp, surface cells form club shaped basidia.  Inside each basidium the dikaryotic nuclei fuse producing the diploid zygote.  The zygote then undergoes meiosis producing four haploid nuclei, two of each mating type. These nuclei bud from the exterior of the cell becoming basidiospores.

Mushrooms are used as examples because most people are familiar with them and because they are important as decomposers. Not all mushroom have the same structures, but you should be able to identify the following: stipe, annulus, pileus or cap and the blade-like or sheet-like gills produced on the lower side of the cap.  All of these structures are composed of intertwined hypha.   Basidia form the outer layer on the surface of the gills. The orientation of the gills permits the basidiospore to drop from the basidiocarp to the soil.  Wind may help distribute the spores. 

Activity: 

I. 
Observe mushrooms as representatives of the Basidiomycota. Identify the stipe, annulus, pileus and gills. 

2. 
Observe prepared slides of Coprinus, a mushroom, noting the basidia and basidiospores. 

3. 
Observe examples of polypores and puffballs. 

4.  Observe Figure 21-11 through 21-16.

FIGURE 4: Mushrooms and Basidia
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PHYLUM GLOMEROMYCOTA: ARBUSCULAR FUNGI

This group was originally included with the Zygomycota, but recently have been identified as a septate clade characterized by the production of a highly branched hypha, the arbuscule.  The arbuscule penetrates into individual root cells providing an extensive interface over which nutrients and food can be exchanged.  Observe illustrations on display.

PHYLUM DEUTEROMYCOTA: FUNGI IMPERFECTI 

The Deuteromycota was an artificial taxon that once included the fungi that did not have a sexual phase or an identified sexual phase in the life cycle.  The Deuteromycota no longer exist, with molecular systematics placing most of its former members into the Ascomycota.

LICHENS AND MYCORRHIZAE 

Lichens and mycorrhizae are both symbiotic associations.  Lichens are composed of an alga and a fungus. The algal symbionts or photobiont is usually a green alga of the genus Trebouxia or a cyanobacterium of the genus Nostoc.  Lichens are extremely important pioneer plants in certain communities.  They function in soil formation, in holding the soil in place and as food for animals such as caribou., insects and many others  Lichens are very effective in the absorption of nutrients from the atmosphere, thus they are sensitive to atmospheric pollution.  As a result of their sensitivity to pollutants, lichens can be used as living monitors of air quality.  Even though lichens are often presented as mutualistic symbionts, in many cases the association is more of a parasitic association with the fungus receiving the greatest benefit from the association.

Different types of lichens sometimes function sequentially in plant succession. Crustose lichens are often the first pioneers on bare rock, followed by foliose and fruticose types, although there may be considerable overlapping of types and variation depending on the habitat. Crustose lichens form thin crust-like growths on the surface of rocks and trees.  Foliose types are leafy in appearance as their name implies and fruticose are upright branching types that usually arise from moist forest or tundra soils or hang from the branches of trees.  These morphologic forms do not represent either scientific or common names for the organisms; rather they are morphological variations.  Lichens are given scientific names and are classified based upon the type of fungus found in the association.

Activities:

1.   Complete section 21.7 in your lab manual on Lichens.  Answer all questions.

2.   Observe crustose, foliose and fruticose lichens on display in the lab.  Identify each type and note reproductive structures where possible.  

3.    Observe a slide showing a cross section of a lichen.
 

4.    Note cup-shaped ascocarps as examples of reproduction by the Ascomycota fungal 
 symbiont. 

The term Mycorrhizae means fungus root and represents a mutualistic association between fungi and the roots of vascular plant.  This association is found with 90% or more of the world’s vascular plants.  The fungus assists the plant with the absorption of nutrients, especially phosphorus from the soil.  As a result of their ability to absorb nutrients, mycorrhizae are sensitive to pollutants and changes in soil pH.  There are two mayor types of mycorrhizae, endomycorrhizae and ectomycorrhizae.  The hypha of endomycorrhizae penetrate into the root cells of their plant host while the hypha of ectomycorrhizae form a sheath around the roots.

Not only are mycorrhizae common to most vascular plants it is hypothesized that the evolution of terrestrial plants may have been dependent upon the ability of the fungal partner to absorb both water and minerals more effectively than the plant alone.

LAB REPORT

FUNGI

1. Identify the characteristics that characterize the Kingdom Fungi. 

__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

2. List the class characteristics for the following. 

A.  Phylum Chytridiomycota ___________________________________________________
      _______________________________________________________________________

B.  Phylum Zygomycota   _____________________________________________________

_______________________________________________________________________

C.  Phylum Ascomycota  _____________________________________________________

_______________________________________________________________________

A. Phylum Basidiomycota  ____________________________________________________

_______________________________________________________________________

D.  Phylum Glomeromycota ____________________________________________________
_______________________________________________________________________

B. Former Phylum  Deuteromycota ____________________________________________

_______________________________________________________________________

3. Describe the mutualistic symbiotic association that produces lichens and mycorrhizae.

Explain the role of the symbionts in each association. _______________________________

__________________________________________________________________________

__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

4. Define: 

1. Sporangium _____________________________________________________________

2. Coenocytic ______________________________________________________________

3. Hypha __________________________________________________________________
4. Spore __________________________________________________________________

5. Zygospore ______________________________________________________________

6. Conidiospore ____________________________________________________________
7. Zygospore ______________________________________________________________
8. Ascocarp _______________________________________________________________

9. Ascus __________________________________________________________________

10. Ascospore _____________________________________________________________

11. Basidiocarp ____________________________________________________________
12. Basidium ______________________________________________________________

13. Basidiospore ___________________________________________________________

14. Crustose Lichen ________________________________________________________

15. Fruticose Lichen _______________________________________________________

16. Mutualistic Symbiosis ____________________________________________________
17. Septate Hypha ________________________________________________________

18. Non-Septate Hypha ____________________________________________________

5.  Draw examples of asexual and sexual reproduction in the Zygomycota.

6.  Draw conidia and sexual reproduction as an example of the Ascomycota.

7.  Draw examples of the production of basidia and basidiospores in the mushroom.

8.  Draw examples of crustose, foliose and fruticose lichen
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*The mushroom is the basidiocarp
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