
FUNGI



Heterotrophic
Sessile and multicellular
More closely related to animals than to other plants
70,000 spp
Largest living organism Armillaria



IMPORTANCE OF FUNGI

• Important ecologically as 
decomposers
• Important medically and 
economically as pests, pathogens, and 
producers of certain chemicals
• Fungi form important symbiotic 
relationships 
• Mycorrhizae
• Fungi-ants
• Endophytes

• Four groups of Phyla:
• Chytridiomycota or chytrids
• Zygomycota or zygomycetes
• Ascomycota or ascomycetes
• Basidiomycota

Chytrid: Polyphagus euglenae Zygomycete: Entomophthora muscae

Asomycete: Morchella esculenta Basidiomycete: Hygrocybe sp.



SIX GROUPS OF FUNGI



CHARACTERISTICS OF FUNGI

• Most fungi are composed of Hyphae
• Unicelluar or filamentous
• Hyphae and mycelium
• Mycology
• Hyphal crosswalls are septa (septum): Septate
• Hyphae w/o septa are Aseptate or coenocytic
• Septa are perforated by a central pore
• Cell walls made of a polysaccharide chitin
• Somatic and soma: non reproductive or vegetative
• Heterotrophic absorbers with exozymes
• Saprophytes, parasites or mutualistic symbionts
• Some obtain energy through fermentation
• Glycogen is the storage compound
• Rhizoids, special hyphae, work as anchors
• Haustoria (haustorium) are special hyphae in parasitic fungi



Special mitosis and meiosis �

• Nuclear envelope never disappears
• Mostly without centrioles
• Spindle pole bodies

Fungi reproduce both asexually and sexually�

• Non-motile spores are typical in fungi�

• Asexual reproduction is by spores formed in sporangia (sporangium) or from 
hyphal cells called condiogenous cells �

• Spores in chains are called conidia (conidium)



• Sexual reproduction consists of three phases: 
1. Plasmogamy
2. Karyogamy
3. Meiosis �

• Dikaryon: after plasmogamy two haploid nuclei do not fuse for some time 
(retarding karyogamy for months or years!) forming a dikaryotic micelium �

• Life cycle involves a zygotic meiosis �

• Gametangium (gametangia) are gamete-producing structures (gametes)�

• Fungi, along with animals, probably diverged from a Protist resembling a 
Nuclearia, an multinucleate amoeba-like

Syngamy or fertilization



1. MICROSPORIDIANS: PHYLUM MICROSPORIDIA

•  They are spore-forming 
unicellular parasites of 
animals

•  Lacking mitochondria, 
stacked Golgi and 
peroxisomes

•  With polar tubes shooting 
out of unicellular spores 
and penetrating the host 
plasma membrane

CDC Information



2. CHYTRIDS: A POLYPHYLETIC GROUP OF FUNGI WITH 
FLAGELLATED CELLS

• Mostly aquatic
• 790 species
• Cell walls with chitin
• Storage as glycogen
• Intranuclear division
• Coenocytic
• Motile cells (zoospores and gametes) with a 
single whiplash flagellum
• Some chytrids are unicellular
• Some species are parasites of algae, protozoa, , 
spores, pollen and other plants
• Some are causing diseases in plants
• Isomorphic or heteromorphic life cycle



• Batrachochytrium dendrobatidis



Life cycle of a chytrid: Allomyces arbusculus

Life Cycle Video



3. ZYGOMYCETES: A POLYPHYLETIC GROUP OF 
FILAMENTOUS FUNGI
• Living on decaying plant/animal matter�

• Parasites of plant and animals �

• Endomycorrhizae: symbiotic 
associations with plants �

• Infections in humans �

• Ca. 1060 species �

• Coenocytic hyphae with rapid growth�

• Asexual reproduction by haploid spores 
produced in specialized sporangia



• Rhizopus stolonifer, black mold on bread�

• Mycelium of haploid coenocytic hyphae�

• Stolons are arching hyphae with rhizoids �

• Sporangiophore: erect branch bearing 
sporangium and spores �

• Zygospores: sexually produced resting 
spores in zygosporangia�

• Heterothallic vs. homothallic

Gametangia

Zygosporangium



Life cycle of a Zygomycete: Rhizopus stolonifer

Sexual reproduction video



Phototropism in Pilobolus, a Zygomycete growing on dung



4. GLOMEROMYCETES: PHYLUM GLOMEROMYCOTA

•  Coenocytic hyphae, 200 spp
•  Forming endomycorrhizas: Arbuscular mycorrhizas, AM fungi
•  Found on 80% of vascular plants
•  Reproduction only by large multinucleated spores formed 

underground

Economic importance video



5. ASCOMYCETES: PHYLUM ASCOMYCOTA

• With 32,300 species
• Economically important
• Causing plant diseases: powdery mildews, 
chestnut blight, Dutch elm disease
• Human diseases Ringworm
• Drugs LSD Claviceps purpurea or Ergot 
causing “St. Anthony’s fire”
• Yeasts, morels and truffles are ascomycetes
• Unicellular or multicellular forms
• Hyphae with perforated septa
• Uni- or multinucleated mycelium
• Asexual reproduction by conidia formed 
from conidiogenous cells, born on 
conidiophores

The most expensive food in the world



From:	The	Ascomycota	Tree	of	Life:	A	Phylum-wide	Phylogeny	Clarifies	the	Origin	and	Evolution	of	Fundamental	Reproductive	and	Ecological	Traits.	Syst	Biol.	2009;58(2):224-239.	doi:
10.1093/sysbio/syp020.	Photographic	plate	illustrating	morphological	diversity	in	Ascomycota.	Exposed	ascomata:	(A)	Neolectomycetes,	Neolecta	vitellinaapothecia	(David	Hewitt	and	
George	Riner);	(B)	Pezizomycetes,	apothecium	of	Pezizacf.	varia,	on	a	tree	trunk	from	Ecuador	(Jens	H.	Petersen/MycoKey);	(C)	Orbiliomycetes,	Orbilia	decipiens;	(D)	Lecanoromycetes,	
Xanthoria	parietinaonCornus	sanguinea	twigs;	(E)	Leotiomycetes,	Chlorociboria	aeruginascenson	wood;	(F)	Lichinomycetes,	Pyrenopsis	furfureaon	soil	(Bruce	McCune).	Enclosed	
ascomata:	(G)	Pezizomycetes,	Tuber	aestivum(Guy	Marson);	(H)	Leotiomycetes,	a	micrograph	of	plant-associated	Microsphaera	vanbruntiana(M.	Eckel);	Ostiolar	ascomata:	(I)	
Laboulbeniomycetes,	a	micrograph	of	a	Prolix	triandrus	perithecium	(Alex	Weir);	(J)	Eurotiomycetes,	Verrucaria	weddellii,growing	semiendolithic	on	calcareous	rock	(Cécile	Gueidan);	
(K)	Dothideomycetes,	Cucurbitaria	laburnion	a	branch	of	Laburnum	anagyroides;	(L)	Sordariomycetes,	Torrubiellasp.	ascomata	on	a	spider	(Ryan	Kepler).	Asci:	(M)	Eurotiomycetes,	
deliquescent	asci	from	Eurotiumsp.	(David	Geiser);	(N)	Pezizomycetes,	operculate	asci	of	Peziza	varia,with	lidlike	openings,	colored	by	iodine	(Karen	Hansen);	(O)	Candelariales,	thick-
walled,	rostrate	asci	of	Candelariellacf.	antennaria;	(P)	Dothideomycetes,	f	luorescent	dye	colors	the	f	issitunicate	ascus	of	Sporormiella	intermediashowing	its	jack-in-the-box	
dehiscence	(Jack	Rogers);	(Q)	Leotiomycetes,	poricidal	asci	of	Sclerotinia	trifoliorum,showing	the	pores	colored	by	iodine.	



• Sexual reproduction in an ascus (asci) with haploid 
ascospores after meiosis
• “Sac fungi”
• Ascus formed within the ascoma or ascocarp
• Ascocarps in cup-=shaped (apothecium), closed and 
spherical (cleistothecium), or flask-shaped and open 
(perithecium)
• Asci developed on a layer, the hymenium, or hymenial layer

Apothecium in Scutellinia Cleistothecium in Erysiphe Perithecium in Coniochaete Hymenium

Two asci with aspospores



Life cycle of an Ascomycete



YEASTS

• A unicellular fungus reproducing by 
budding

• Many groups of fungi form yeasts

• Used by vintners as a source of ethanol

• Used by bakers as a source of CO2

• By brewers: source of ethanol and CO2

• Saccharomyces cereviseae for wine, cider, 
sake, beer, and bread

• S. carlsbergensis, lager beers

• Candida albicans, thrush in humans

• Cryptococcus neoformans: cryptococcosis

The Science of Alcohol



THE ASEXUAL FUNGI ARE ASCOMYCETES
• Also called Anamorphs
• Artificial group with 15,000 species
• Only the asexual phase (anamorph) known
• The sexual phase (telemorph) unknown
• They used to be called Deuteromycetes or �
“Fungi Imperfecti”
• Heterokaryosis
• Parasexuality
• Aflatoxins

Molds



6. PHYLUM BASIDIOMYCOTA

• The Basidiomycetes

• Most familiar fungi: mushrooms, toadstools, 
stinkhorns, puffballs, and shelf fungi

• Pathogens: rusts and smuts

• With 22,300 species

• Distinguished by the production of 
basidiospores

• Basidiospores born on the basidium (basidia)

• Mycelium with perforated septa

• Dolipore present in the septa

• Parenthesomes: membranous caps



• Mycelium with two distinct phases: 
monokaryotic and dikaryotic 
• After germination a basidiospore forms a 
mycelium which is septate and monokaryotic 
(uninucleated), the primary mycelium
• A dikaryotic (binucleated) mycelium is 
formed after the fusion with a different mating 
type, forming a secondary mycelium
• Karyogamy does not immediately follow 
Plasmogamy
• Apical cells of dikaryotic mycelium divide by 
clamp connections
• Basidiomata: multicellular and dikaryotic 
structure producing the basidiospores
• The mycelium forming the basidiomata is 
called tertiary mycelium 

Clamp connections



Life cycle of a mushroom



Basidiomycetes are classified as follows : 
• Phyllum Basidiomycota

• Subphyllum Agaricomycotina: fungi with basidiomata such 
as mushrooms, shelf fungi and puffballs

• Class Hymenomycetes, producing the basidiospores 
on a fertile layer, the hymenium, which is exposed: 
mushrooms, coral fungi, tooth fungi and shelf fungi
• Class Gasteromycetes, the basidiospores mature 
inside the basidiomata : Stinkhorns, puffballs, bird-nest 
fungi and earthstars �

• Subphyllum Pucciniomycotina: the rusts �

• Subphyllum Ustiloginomycotina: the smuts



Subphylum Agaricomycotina includes the Hymenomycetes and the 
Gasteromycetes

• Hymenomycetes, where the 
basidiospores are produced in an exposed 
fertile layer, the hymenium: mushrooms, 
coral fungi, tooth fungi, and shelf fungi�

• Most basidia are bearing basidiospores 
on minute projections called sterigma�



Hymenomycetes:
• The mushroom is the basidioma
• Consists of pileus or cap, stipe or stalk, 
volva or covering membrane, gills of 
radiating tissue (sometimes in pores or 
spines)
• Mycelium grows outward in “fairy rings”
• Agaricus bisporus is cultivated
• Shiitake mushroom  is Lentinula edodes
• Many mushrooms are poisonous (Amanita) 
while others are hallucinogenic (Psilocybe)

http://www.folkways.si.edu/albumdetails.aspx?itemid=1614

Mushroom Culture Magic Mushrooms and Cancer



Gasteromycetes (“stomach fungi”)  are 
basidiomycetes with no distinct 
hymenium: stinkhorns, easthstars, birds-
nest fungi and puffballs �

• Basidiospores maturing inside the 
basidiomata
• Never discharged forcibly
• Basidiomata covered with a Peridium with 
different textures
• Stinkhorns with a stalk and a pileus bearing 
a gleba fertile portion with unpleasant odor
• Puffballs release a cloud of spores when hit
• Bird’s-nest fungi (Crucibulum) with 
basidiospores dispersed by raindrops
• Earthstars (Geastrum)

Puffballs Stinkhorn Crinoline stinkhorn Devil’s fingers



• With 8000 species
• Rusts do not form basidiomata
• Spores occur in masses called sori
• Great economic importance as plant 
pathogens:

• Black stem rust of cereals
• White pine blister rust
• Coffee rust
• Cedar-apple rust
• Peanut rust

• Life cycles VERY complex
• Puccinia graminis causes the black 
stem rust of wheat and other cereals

Subphylum Pucciniomycotina consists largely of Rust Fungi



Life cycle of wheat rust: Puccinia graminis

Heteroecious and heterothallic



• Parasites of flowering plants: food crops 
and ornamentals

• Smut refers to the sooty or smutty 
appearance of black dusty masses of 
teliospores

• 1070 species are known

• Economically VERY important

• Ustilago maydis or corn smut

• Ustilago avenae, loose smut of oats

• Tilletia tritici, stinking smut of wheat

• Sporidia, uninucleate cells formed by 
basidiospores infecting maize plants

Subphylum Ustilaginomycotina includes the Smuts



SYMBIOTIC RELATIONSHIPS OF FUNGI

• Parasitic: usually causing disease
• Mutualistic: both having benefits
• Lichens and mycorrhizae

Nematophagous fungi



A lichen consists of a mycobiont and a photobiont
• 13,250 species of lichen forming fungi are known
• Forty genera of photobionts
• Lichens survive in the harshest environments and live in a 
“suspended animation”
• From arid desert to Arctic habitats
• Usually the first colonists
• Three major growth forms:

• Crustose
• Foliose 
• Fruticose

• Colors are unusual chemical compounds
• Harris Tweed uses lichen dyes
• Used in Medicines, perfumes, or food
• Reproduction by fragmentation, soredia or isidia
• Appresoria, hyphae to penetrate the photobiont
• Lichens are important ecologically: bioindicators
• Lichen acids are used on weathering rock or soil



Types of lichens: crustose, foliose, and fruticose



Internal morphology of a lichen



MYCORRHIZAE
• Mutualistic associations between fungi and roots
• Increases the plants’ ability to capture water and essential elements
• Protection against attack of pathogenic fungi and nematods
• The fungal partner receives carbohydrates and vitamins
• Two types: Endomycorrhizae and Ectomycorrhizae
• Probably helped in the evolution of land plants



ENDOMYCORRHIZAE
• Penetrate the root cells
• Most common, found in 80% of all vascular plants
• Fungal component: zygomycetes
• 200 species
• Arbuscules: fungal hyphae penetrating cortical cells and forming highly 
branched structures
• Vesicles: terminal swellings of internal hyphae
• Also called vesicular-arbuscular (or V/A) mycorrhizae



ECTOMYCORRHIZAE
• They surround but do not penetrate root cells
• Hartig Net: hyphae between the epidermis and the cortex
• Mantle, sheath of hyphae covering the root surface
• Fungi partner: Basidiomycetes (mushrooms)
• 5000 species of fungi are ectomycorrhizal



SUMMARY
• Fungi are ecologically and economically important
• Most fungi are composed of hyphae
• Fungi are absorbers that reproduce by means of spores
• There are six groups of fungi
• Microsporidia may be an early lineage of fungi
• The Chytrids form flagellated, motile cells
• The Zygomycetes form zygospores in zygosporangia
• The Glomeromycota reproduce only asexually
• The Ascomycota form ascospores internally in asci
• The Basidiomycota form basidiospores borne externally on basidia
• The mushrooms, rusts and smuts are representatives of the three 
subphyla of Basidiomycota
• Lichens consist of a mycobiont and a photobiont
• Mycorrhizae are mutualistic associations between fungi and roots


