
Fungi

The study of fungi is called 
mycology



Hidden Networks

▪ The mushrooms you see on the forest floor are just the above-ground 
parts of a vast network of underground filaments 

▪ Fungal filaments absorb nutrients from the soil, transfer them to trees, 
and receive sugars in return 

▪ Some even transfer sugars between trees of different species
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Edible porcini mushrooms (Boletus edulis). Porcini mushrooms 
are widely distributed in the Northern Hemisphere and form 
symbiotic associations with a number of tree species.

Amanita muscaria, with hallucinogenic properties

Morchella

Mycroporus affinis



Clathrus archeri, "Devil's Fingers" Fungus - very smelly !
Nail fungus, eg Trichophyton rubrum 

Striate Earthstar - Geastrum striatum Fly & Entomopathogenic fungus, Ophiocordyceps dipterigena



Candle snuff fungus, Xylaria hypoxylon Yellow staghorn, Calocera viscosa, a jelly fungus

Orange peel fungus, Aleuria aurantia Bearded tooth fungus, Hericium erinaceus



Mycena lampadis luminous photographed in total darkness in Queensland, Australia



Fungi are heterotrophs that feed by absorption

▪ Despite their diversity, fungi share key traits, most importantly the way 
in which they derive nutrition

▪ Fungi are diverse and widespread 

▪ They are essential for the well-being of most terrestrial ecosystems 
because they break down organic material and recycle vital nutrients 

▪ About 100,000 species of fungi have been described 

▪ It is estimated that there are as many as 1.5 million species of fungi



Nutrition and Ecology

▪ Fungi are heterotrophs that absorb 
nutrients from outside of their bodies 

▪ Fungi use enzymes to break down a 
large variety of complex molecules into 
smaller organic compounds 

▪ The versatility of these enzymes 
contributes to fungi’s ecological success

▪ Fungi exhibit diverse lifestyles: decomposers, 
parasites, and mutualists 
▪ Decomposers break down and absorb 

nutrients from non-living organic material 
▪ Parasitic fungi absorb nutrients from living 

hosts 
▪ Mutualistic fungi absorb nutrients from hosts 

and reciprocate with actions that benefit the 
host

The parasitic fungus Laboulbeniales on 
Harmonia axyridis

Coprinus comatus, a decomposer in the soil.  

This is the fruiting body, which is edible.



Body Structure
▪ The most common body structures are multicellular filaments and single cells (yeasts) 
▪ Some species grow as either filaments or yeasts; others grow as both

▪ The morphology of multicellular fungi 
enhances their ability to absorb nutrients  

▪ The body of fungi form networks of 
branched hyphae adapted for absorption 

▪ Hyphae have tubular cell walls strengthened 
with chitin

Malaria mosquito attacked by fungus.  

Researchers are using the fungus Metarhizium anisopliae 

in a modified form to attack the malaria mosquito.


Budding yeast phase of Candida albicans (found on the 
human skin and wet parts such as the mouth, regulated 
by Lactobacillus sp.)

Yeasts multiply asexually by 
budding, this is not the same as 
fission of bacteria or some 
protists



▪ Most fungi have hyphae divided into cells by septa, with pores allowing 
cell-to-cell movement of organelles 

▪ Coenocytic fungi lack septa and have a continuous cytoplasmic mass 
with hundreds or thousands of nuclei
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Pore
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(a) Septate hypha

Cell wall

Nuclei

(b) Coenocytic hypha

Hyphae grow at the tip.  
Tip growth is an interesting phenomenon also found in plants  
(moss protonema, root hairs, pollen tubes)



▪ Fungal hyphae form an interwoven mass called a mycelium 
▪ The structure of a mycelium maximizes surface-to-volume ratio, making 

feeding very efficient

Mycelium in soil

60 µm



Fungi produce spores through sexual or asexual life cycles
▪ Fungi propagate 

themselves by producing 
vast numbers of spores, 
either sexually or asexually 

▪ Spores can be carried long 
distances by wind or water; 
they will germinate if they 
land in moist conditions with 
available food  

▪ Fungi can produce spores 
from different types of life 
cycles 

1.
5 
µm

Penicillium digitatum

Rhizopus stolonifer



Fungi have radiated into a diverse set of lineages
Chytrids (1,000 species)

Hyphae

25 µm

Zygomycetes (1,000 species)

Glomeromycetes (160 species)

Fungal
hypha

Ascomycetes (65,000 species)
25 µm

Basidiomycetes (30,000 species)



Chytrids
▪ Chytrids (phylum Chytridiomycota) are 

found in terrestrial, freshwater, and marine 
habitats including hydrothermal vents 

▪ They can be decomposers, parasites, or 
mutualists 

▪ Molecular evidence supports the 
hypothesis that chytrids diverged early in 
fungal evolution 

▪ Chytrids are unique among fungi in having 
flagellated spores, called zoospores

4 
µm

Flagellum

Phlyctochytrium Zoospore Release



Zygomycetes
▪ The zygomycetes (phylum Zygomycota) 

include fast-growing moulds, parasites, and 
commensal symbionts 

▪ The life cycle of black bread mould (Rhizopus 
stolonifer) is fairly typical of the phylum 

▪ Its hyphae are coenocytic  
▪ Asexual sporangia produce haploid spores

100 µm

Zygosporangium

Sporangia

50 µm
Rhizopus 
growing on bread



Glomeromycetes
▪ The glomeromycetes (phylum Glomeromycota) were once 

considered zygomycetes 
▪ Molecular analyses indicate that glomeromycetes form a separate 

clade 
▪ Nearly all species of glomeromycetes form arbuscular mycorrhizae 
▪ Spores form from hyphae; some form "truffles" underground



▪ Mycorrhizae are mutually beneficial 
relationships between fungi and plant 
roots 

▪ Ectomycorrhizal fungi form sheaths of 
hyphae over a root and typically grow 
into the extracellular spaces of the root 
cortex 

▪ Arbuscular mycorrhizal fungi extend 
arbuscules through the root cell wall and 
into tubes formed by invagination of the 
plasma membrane

▪ Mycorrhizal fungi deliver phosphate ions 
and minerals to plants 

▪ Most vascular plants have mycorrhizae 
▪ Mycorrhizal fungi colonize soils by the 

dispersal of haploid cells called spores



AM=Arbuscular Mycorrhizae 
AMF=Arbuscular Mycorrhizae Fungi 

SAR=Systemic Acquired Resistance 

SA=Salycylic Acid 
JA=Jasmonic Acid 
(both signalling molecules) 

Pine seedlings and mycorrhizae



Ascomycetes

▪ Ascomycetes (phylum Ascomycota) live in 
marine, freshwater, and terrestrial habitats 

▪ Ascomycetes produce sexual spores in saclike 
asci contained in fruiting bodies called ascocarps 

▪ Ascomycetes are commonly called sac fungi 
▪ Ascomycetes vary in size and complexity from 

unicellular yeasts to elaborate cup fungi and 
morels

Morchella esculenta

Tuber melanosporum

Scarlet elf cap, Sarcoscypha sp.





Basidiomycetes
▪ Basidiomycetes (phylum 

Basidiomycota) include mushrooms, 
puffballs, and shelf fungi 

▪ Some basidiomycetes form mycorrhizae, 
and others are plant parasites 

▪ The phylum is defined by a clublike 
structure called a basidium, a transient 
diploid stage in the life cycle 

▪ Basidiomycetes are commonly called 
club fungi 

▪ Many basidiomycetes are decomposers 
of wood

The field mushroom, Agaricus campestris



Shelf (bracket) fungi

Phallus indusiatus, maiden veil fungus

Lycoperdon umbrinumPuffballs

Polyporus squamosus

Lumpy Bracket Fungus 

Trametes Gibbosa

Ganoderma tsugae, the Hemlock varnish shelf



Fungi play key roles in nutrient cycling, ecological 
interactions, and human welfare

▪ Fungi interact with other organisms as decomposers, mutualists, and 
pathogens

Fungi as Decomposers
▪ Fungi are efficient decomposers of organic material including cellulose and lignin 
▪ They perform essential recycling of chemical elements between the living and nonliving 

world 
▪ Without these critical decomposers, life as we know it would cease

Fungi as Mutualists

▪ Fungi form mutualistic relationships with plants, algae, cyanobacteria, and animals 
▪ Mutualistic fungi absorb nutrients from the host organism and reciprocate with actions 

that benefit the host



Fungus-Animal Mutualisms

▪ Some fungi share their digestive services with animals 
▪ These fungi help break down plant material in the guts of cows and 

other grazing mammals 
▪ Many species of ants use the digestive power of fungi by raising them 

in “farms”



Fungus-Plant Mutualisms

▪ Mycorrhizae are enormously important in natural ecosystems and 
agriculture 

▪ Plants harbour harmless symbiotic endophytes, fungi that live inside 
leaves or other plant parts 

▪ Some endophytes make toxins to help defend the host plant; others 
help the plant tolerate heat, drought, or heavy metals 

▪ Most endophytes are ascomycetes



▪ Lichens are important 
pioneers on new rock 
and soil surfaces 

▪ Lichens were on land 
420 million years ago; 
these early lichens 
may have modified 
rocks and soil much 
as they do today, 
helping pave the way 
for plants

Lichens - fungi as mutualists

▪ Millions of photosynthetic cells are held in a mass of fungal hyphae 
▪ Algae or cyanobacteria occupy an inner layer below the lichen surface 
▪ The symbioses are so complete that lichens are given scientific names

Xanthoria parietina

https://en.wikipedia.org/wiki/Xanthoria_parietina
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▪ The algae provide carbon compounds, cyanobacteria also provide organic nitrogen, and 
fungi provide the environment for growth 

▪ The fungi of lichens can reproduce sexually and asexually 
▪ Asexual reproduction is by fragmentation or the formation of soredia, small clusters of 

hyphae with embedded algae



A fruticose lichen, Letharia vulpina

A foliose lichen, Flavoparmelia caperata

A crustose lichen, Baeomyces sp.

A fruticose lichen, Cladonia cristatella

Usnea sp., NZ

Fruticose = coral-like or shrub-like 
Crustose = crusty 
Foliose = leaf-like



Nematode-trapping fungi (an ascomycete)

Nematode-trapping devices. A. Scanning electron micrograph of typical adhesive network trap of Arthrobotrys oligospora, 
bar = 10 µm. B. Light micrograph of a nematode captured in an adhesive network trap of A. oligospora, bar = 20 µm. C. 
Light micrograph of conidial traps of A. oligospora, induced by the inclusion of peptides in the agar used to germinate the 
spores, bar = 20 µm.

Arthrobotrys dactiloides 

Some fungi have specialized hyphae for feeding on live animals



Fungi as Parasites

▪ About 30% of 
known fungal 
species are 
parasites or 
pathogens, 
mostly on or in 
plants 

▪ Each year, 
10% to 50% of 
the world’s 
fruit harvest is 
lost due to 
fungi 

▪ Some fungi 
that attack 
food crops are 
toxic to 
humans

(b) Tar spot  
fungus  
on maple  
leaves

(a) Corn smut on corn

(c) Ergots on rye



▪ Ergot on rye is caused by an 
ascomycete and produces 
toxins 

▪ More than 40,000 people died 
from an epidemic of ergotism 
during the Middle Ages 

▪ Ergotism is characterized by 
gangrene, nervous spasms, 
burning sensations, 
hallucinations, and temporary 
insanity 

▪ Ergots contain lysergic acid, the 
raw material for LSD



▪ Animals are much 
usually less 
susceptible to 
parasitic fungi than 
are plants. 

▪ The chytrid 
Batrachochytrium 
dendrobatidis has 
been implicated in 
the decline or 
extinction of about 
200 species of 
amphibians 
worldwide

California
Sixty
Lake
Basin

N Yellow-legged frogs killed by
B. dendrobatidis infection

Key
Boundary of chytrid spread

Lake status in 2009:
Frog population extinct
Treatment lake: frogs
treated with fungicides
and released



▪ The general term for a fungal infection in animals is mycosis 

▪ Ringworm and athlete’s foot are examples of human mycoses 

▪ Systemic mycoses spread through the body 

▪ For example, coccidioidomycosis produces tuberculosis-like 
symptoms 

▪ Some mycoses are opportunistic 

▪ For example, Candida albicans, a yeast which causes skin 
infections



Practical Uses of Fungi

▪ Humans eat many fungi and use others to make cheeses, alcoholic 
beverages, and bread

Blue cheeses and camembert are inoculated with species of Penicillium.

Bleu de Gex, a creamy, semi-soft blue 
cheese made in the Jura region of FranceCambozola, a German variety of blue cheese Camembert, France

Saccharomyces cerevisiae 
(ascomycete) is a species of 
yeast. It has been 
instrumental in winemaking, 
baking, and brewing since 
ancient times. It is believed 
to have been originally 
isolated from the skin of 
grapes. It is the 
microorganism behind the 
most common type of 
fermentation. S. cerevisiae 
cells are round to ovoid, 5–
10 μm in diameter.



Medicines From Fungi: 

Penicillin

Penicillin kills bacteria by preventing them from making a cell wall, which is the outer covering of a bacterium. It 
does this by preventing cross links from forming between the peptidoglycan molecules in the wall.


As a bacterial cell grows, it makes new cell wall to accommodate its increased size. In the presence of penicillin, 
a gap forms in the wall as the cell enlarges, since no new wall material can be made. The cell contents leak out of 
their container and the cell dies.




▪ Genetic research on fungi is leading to applications in biotechnology.   
For example ... 

▪ Scientists use Saccharomyces to study homologs of the genes 
involved in Parkinson’s and Huntington’s diseases 

▪ Insulin-like growth factor can be produced in the fungus 
Saccharomyces cerevisiae 

▪ Gliocladium roseum, an ascomycete fungus that produces 
hydrocarbons similar to diesel fuel, could be used to produce 
biofuels  

The hydrocarbon profile of G. roseum contains a 
number of compounds normally associated with diesel 
fuel and so the volatiles of this fungus have been 
dubbed 'myco-diesel'. These findings have implications 
in energy production and utilization.




