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An Introduction to the Biology of Fungi 

By John Dearnaley and Sapphire McMullan Fisher 

 

Introduction 

The scientific study of fungi is known as “Mycology” from the Greek “mykes” which means 

mushroom and “logos” which means discourse. Historically this branch of biology included any 

organism that had characteristic threadlike tissues or hyphae (Figure 1A) but it is now largely 

focussed on six main groups: the phylum Ascomycota, Basidiomycota, Blastocladiomycota, 

Chytridiomycota, Glomeromycota and the Zygomycota. 

Fungi are multi-celled, eukaryotic organisms, the latter meaning they have a distinct membrane 

around their DNA. Fungi are also heterotrophic in that they must acquire nutrients from other 

organisms, be those organisms living or dead. Like plants, their cells are protected by a rigid 

cell wall but instead of being composed of cellulose, this wall is primarily made of chitin (the 

same material found in the exoskeleton of insects). Also like plants they are largely non-motile 

(non-moving) organisms and use spores for reproduction. Unlike plants they store their excess 

glucose as glycogen (an animal-like trait) and their nuclei typically are haploid, containing a 

single set of chromosomes. 

Fungi must have moisture in their environment to grow. This is because fungi release hydrolytic 

(water requiring) enzymes outside their cells to feed. The connection between moisture and 

fungal growth is easily demonstrated by the flush of mushroom growth seen after rainfall 

(Figure 1B) and the appearance of mould in poorly ventilated, damp urban areas such as 

bathrooms, wardrobes, basements and buildings that have suffered flood damage. 

Fungi are ubiquitous organisms being found in almost every ecological niche including deserts, 

rainforests, underwater, polar regions and even (as spores) 150km above the ground! Fungi 

are critical to the health of the ecosystems in which they are found. They are the most important 

agents of decay and break down the remains of dead organisms ensuring that their component 

molecules re-enter nutrient cycles. Most plants have mycorrhizal fungi in their roots which 

enhance soil water and mineral uptake for the host (in return plants provide sugars to the 

fungus). Pathogenic (disease-causing) fungi can also keep populations of organisms in check 

(this can often be a problem in agriculture). 

Over 100,000 species of fungi have been named but the Kingdom of Fungi may include up to 

1.5 million species. There are concerns that many undescribed species of fungi, particularly 

those that live in association with plants in rainforests, may be permanently lost as these 

ecosystems are cleared for agriculture and urbanisation. This is unacceptable from a 

biodiversity point of view but also may mean that humankind may be denied access to new 

antibiotics, anti-cancer drugs, insect biocontrols and plant growth-enhancing fungal species. 
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Figure 1. The tissues of fungi are formed from thread-like structures known as hyphae. These 

here are forming from a germinating spore of Penicillium (© John Dearnaley). Figure 2. 

Leucocoprinus fruiting bodies which have appeared overnight on wood chips after heavy rain 

(© John Dearnaley). 

 

Phylum Ascomycota 

This is the largest group of fungi with more than 30,000 species described. Well known 

examples include cup fungi (Figure 2A), yeasts, powdery mildews and the highly sought after 

gourmet morels and truffles (the latter now being grown in Australia). Many fungi formerly 

called deuteromycetes (“fungi imperfecti”; species with incompletely documented life cycles) 

are now incorporated in this phylum. 

The main feature of ascomycetes are spores that are formed in a sac-like structure known as 

an ascus (Figure 2B). Asci are formed in the fruiting bodies of ascomycetes after the fusion of 

hyphae of two genetically different individuals; a type of life-cycle known as a sexual life cycle. 

Ascomycetes also form spores without hyphal fusion, this is known as asexual reproduction. 

The most common asexual spore types in ascomycetes are conidia, such as those formed in 

Penicillium (Figure 2C). 

Ascomycetes are of great commercial importance. Yeasts are used in bread making and the 

brewing of alcoholic beverages such as beer, wine and sake. Penicillium species are used in 

cheese making and impart the distinctive sour taste of stilton and Danish Blue and the soft 

texture of Camembert and Brie cheeses. Aspergillus species are used to ferment soybeans to 

produce soy paste (miso) and soy sauce. Trichoderma species produce cellulose degrading 

enzymes in culture which can be used to give blue jeans a “worn in” look and can be added to 

laundry detergents to soften fabrics. Trichoderma fungi are also used to control disease-causing 

microbes in horticulture and agriculture 

A number of ascomycete fungi have significantly improved the health of human populations. 

Penicillium fungi are the original source of the antibiotic penicillin while Cephalosporium fungi 

are the origin of cephalosporin. Both of these antibiotics inhibit the growth of bacteria by 

impairing normal cell wall synthesis. Tolypocladium produces the immune system suppressing 

drug, cyclosporin, which enables successful tissue transplants. Alkaloids from species of 

Claviceps (ergot fungi) are also used to induce labour, prevent postpartum bleeding and to 

ease migraine pain. There is also some evidence that endophytic fungi (fungi that reside inside 

plant tissues) can produce the anticancer drug, taxol.  

B A 
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Some ascomycetes can have negative implications for human health. Aspergillus species can 

produce cancer-causing agents called aflatoxins when they grow on poorly stored foods such 

as grains and nuts. The spores of Aspergillus can cause severe allergic reactions when inhaled 

in large amounts and germination of these spores inside the human body can have serious 

consequences. Some species of ascomycetes, such as the dermatophytes, cause superficial 

skin infections (eg. athlete’s foot caused by Trichophyton species) and are usually easily 

controlled with topical applications. In contrast, the pathogenic yeast, Candida albicans (Figure 

2D), is not easily controlled on mucous membranes and can move to internal organs such as 

the heart, kidneys and lungs. The soil fungus, Coccidioides immitis causes a serious respiratory 

condition known as “valley fever” in both healthy and immunocompromised people. 

 

  

 

Figure 2A. Helvella chinensis - an ascomycete with a cup-like fruiting body (© John 

Dearnaley). Figure 2B. Asci containing multiple ascospores in the truffle fungus Tuber brumale 

(© Celeste Linde). Figure 2C. Penicillium sp. with chains of conidia at the ends of hyphae (© 

John Dearnaley). Figure 2D. Cells of the human pathogenic yeast, Candida albicans (© John 

Dearnaley).  
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Phylum Basidiomycota 

This is the second largest group of fungi with more than 22,000 species named. The defining 

feature of the group is a club shaped structure called a “basidium” which bears the sexually 

produced spores. The group contains considerable morphological diversity and includes 

mushrooms (Figure 3A), puffballs, coral fungi, jelly fungi, bracket fungi (Figure 3B), some 

yeasts such as the human pathogenic Cryptococcus, rusts (Figure 3C) and smuts.  

A number of species are collected and cultivated for food by humans. This includes species of 

Agaricus, Boletus, Pleurotus (oyster mushrooms), Lentinula (Shiitake), Flammulina (Enoki or 

straw mushrooms) and Auricularia (Wood ears). Good field guides are vitally important when 

collecting basidiomycetes from nature and many poisonings have occurred. A particularly 

notorious group in this regard is the genus Amanita. The fly agaric or Amanita muscaria is easy 

to recognise with its orange-red caps and prominent white scales (Figure 3D) and should not 

be consumed. So too is the infamous death cap, Amanita phalloides, which contains a number 

of life threatening cyclic peptides. A portion of the cap of this species (cooked or uncooked) can 

be fatally poisonous when ingested. 

 

Figure 3A. Agaricus bisporus, one of the most common cultivated mushrooms (© John 

Dearnaley). Figure 3B. A large bracket fungus (Ganoderma species) (© John Dearnaley). 

Figure 3C. Rust spores on an oxalis leaf (© John Dearnaley). Figure 3D. Amanita muscaria 

also known as the fly agaric (© Celeste Linde).  
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Phylum Blastocladiomycota 

The blastoclads are a group of fungi relatively recently differentiated from chytrids on the basis 

of molecular evidence and the anatomy of their motile asexual spores or zoospores. There are 

approximately 200 species in the group and most are aquatic or live in soils. Members of the 

genus Physoderma are important plant pathogens (Figure 5).  

 

 

Phylum Chytridiomycota 

There are approximately 750 members of the phylum Chytridiomycota, a group of fungi also 

with motile zoospores. Chytrids have an ancient history and have been found as fossils in 

Devonian deposits, over 400 million years old. These fungi are mostly aquatic or live in damp 

soils and play important roles in the decomposition of complex organic material such as 

sporopollenin, chitin, cellulose and keratin. Some chytrids cause disease such as Synchytrium 

endobiotichum which is the agent of potato wart disease. Batrachochytrium dendrobatitis has 

had major impacts on frog populations around the world (Figure 6).  

Figure 5. Crown wart in alfalfa 

caused by Physoderma alfalfae. The 

green-stained circular structures here 

are the cells of the pathogen inside 

tissues of the host (© John 

Dearnaley). 
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Phylum Glomeromycota 

There are approximately 200 members of the phylum Glomeromycota. This group of fungi form 

mycorrhizal symbioses with a large number of plant species (including many crops). In the 

association the fungus increases mineral and water uptake for the plant while in return, the 

host passes sugars to the fungus. Microscopic tree-like fungal structures in plant roots called 

arbuscules provide extensive surface area for nutrient exchange (Figure 7A). Glomeromycete 

fungi are very common in soils where they exist as thick walled asexual spores (Figure 7B). 

They are exceedingly difficult to culture in the laboratory. 

  

Figure 7A. Blue-stained arbuscules (the tree-like structures) in the root of a Brachypodium 

plant (© Rohan Riley). Figure 7B. Spores and hyphae of Rhizophagus irregularis (© John 

Dearnaley). 

 

Phylum Zygomycota 

The Phylum Zygomycota is an artificial grouping of a number of unrelated fungal species. 

Historically the group was known as the “zygote” fungi due to the presence of large, warty 

sexual structures called zygosporangia (Figure 8A). There are approximately 1000 species in 

 

Figure 6. Lechriodus fletcheri, a species 

of Australian frog which is currently being 

threatened by the chytrid, 

Batrachochytrium dendrobatitis (© Pat 

McConnell). 

A B 
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the group and prominent genera include Rhizopus (bread mould), Mucor (a common 

decomposing fungus), Choanephora (plant pathogens), Pilobolus and Phycomyces (Figure 8B). 

 

Figure 8A. Zygosporangia of Rhizopus (© John Dearnaley). Figure 8B. Phycomyces growing 

in an urban environment (© Leona Campbell). 

Fungal-like organisms 

The following organismal groups are not true fungi but are often considered to come under the 

banner of mycology. 

Members of the Phylum Myxomycota are often known as “plasmodial slime moulds”. There are 

700 species in the group and they differ substantially from true fungi in lacking cell walls, 

having diploid nuclei and being motile organisms. Plasmodial slime moulds move amoeboid-

like across soils where they feed on fungal spores and bacteria. After rainfall they can form 

brightly coloured structures in forests and gardens (Figure 9). 

 

Figure 9. Fuligo septica growing on garden mulch (© John Dearnaley). 

 

Members of the Phylum Oomycota have now been allied more closely with protists (algae). 

Although they form hyphae, their cell walls are cellulosic in nature and do not contain chitin. 

Their nuclei are also diploid unlike those of true fungi. The group contains many important plant 

(eg. Phytophthora, Pythium) and animal pathogens (Aphanomyces, Saprolegnia (Figure 10)). 

A B 
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Figure 10. Blue stained zoospores inside a sporangium (spore case) of Saprologenia (© John 

Dearnaley). 
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