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Introduction
Fungi are eukaryotic organisms that include yeasts, molds, mushrooms, rusts, smuts, and many
microscopic lineages. They form a kingdom distinct from plants, animals, bacteria, and archaea. Fungi
do not contain chlorophyll and do not manufacture food through photosynthesis. Instead, they secrete
enzymes into their surroundings and absorb dissolved nutrients. This mode of nutrition makes them
indispensable decomposers, mutualistic partners, pathogens, food sources, and industrial organisms.
(Webster, John, & Roland Weber. Introduction to Fungi . 3rd ed., Cambridge University Press, 2007)

The original discussion correctly recognized their eukaryotic cells and public-health importance, but
its five-phyla scheme is obsolete. “Zygomycota” and “Deuteromycota” are not accepted as natural
modern phyla, and fungi without known sexual stages are classified using molecular relationships
rather than placed in a permanent “form phylum.” Contemporary classification continues to change
as genomic sampling reveals previously unknown branches.

Defining Characteristics
Most fungi have cell walls containing chitin and glucans. Their cell membranes contain ergosterol, a
feature exploited by several antifungal medicines. They store carbohydrate largely as glycogen rather
than plant starch. The body of a filamentous fungus consists of microscopic tubes called hyphae; a
network of hyphae is a mycelium. Hyphae may be divided by septa or may contain many nuclei in a
continuous cytoplasm. Yeasts usually grow as single cells, although some can form pseudohyphae or
switch between yeast and filamentous forms.

Fungal nuclei, mitochondria, endoplasmic reticulum, Golgi apparatus, ribosomes, and cytoskeleton
confirm their eukaryotic nature. Some species contain mitochondrial plasmids or other mobile genetic
elements, but loop-shaped extrachromosomal DNA is not a defining structure of fungal cells. Fungi
are more closely related to animals than to plants within the eukaryotic tree.

Modern Classification
Fungal classification relies on morphology, ultrastructure, life cycles, biochemical traits, and
increasingly multilocus and whole-genome phylogenies. Major recognized groups include the
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following, although names and ranks are revised as evidence develops.

Chytridiomycota and Related Early-Diverging Groups
Chytrids are notable because many produce motile zoospores with a posterior flagellum. They occur
in soil and aquatic systems as decomposers, parasites, and symbionts. Batrachochytrium species
cause chytridiomycosis in amphibians and demonstrate that microscopic fungi can alter global
biodiversity.

Mucoromycota and Zoopagomycota
Many organisms formerly grouped as “zygomycetes” are now distributed among lineages such as
Mucoromycota and Zoopagomycota. Mucorales include fast-growing molds that form sporangia and
can cause mucormycosis in susceptible patients. Other members participate in plant associations,
decomposition, or parasitism of animals, amoebae, and other fungi.

Glomeromycota
Glomeromycotan fungi form arbuscular mycorrhizae with the roots of most land-plant species. Their
branched arbuscules create a large exchange surface inside root cortical cells. The plant supplies
photosynthetically fixed carbon, while the fungus improves access to phosphorus, water, and other
soil resources. This ancient partnership influenced the colonization of land by plants.

Ascomycota
Ascomycota is the largest described fungal phylum. Sexual spores are formed in saclike asci. The
group includes baker’s yeast, morels, truffles, many molds, lichens’ fungal partners, plant pathogens,
and major human pathogens such as Candida, Aspergillus, and Histoplasma. Asexual conidia are
common and often dominate the observable life cycle.

Basidiomycota
Basidiomycetes produce sexual spores on basidia and include mushrooms, puffballs, shelf fungi, rusts,
smuts, and yeasts such as Cryptococcus. Many decompose wood because they can break down lignin.
Others establish ectomycorrhizae with forest trees or cause economically important crop diseases.
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Reproduction and Life Cycles
Fungi reproduce asexually, sexually, or through both modes. Asexual reproduction can involve
budding, fission, fragmentation, sporangiospores, or conidia. It permits rapid colonization without
mating. Sexual reproduction usually involves plasmogamy, the fusion of cytoplasm; a heterokaryotic
or dikaryotic phase in which genetically distinct nuclei coexist; karyogamy, the fusion of nuclei; and
meiosis, which restores haploid nuclei and generates variation.

The original statement that fungi simply alternate between haploid and diploid stages is too narrow.
In many ascomycetes and basidiomycetes, the diploid stage is brief, while a dikaryotic stage is
prominent. Some yeasts can persist as haploid or diploid cells. Life cycles must therefore be described
by lineage rather than one universal sequence.

Ecological Roles
Fungi are central to nutrient cycling. By decomposing leaf litter, wood, dung, and dead organisms,
they release carbon, nitrogen, phosphorus, and minerals. Their extracellular enzymes attack
compounds that many organisms cannot digest. Decomposition supports soil formation and
ecosystem productivity, but it also releases carbon dioxide; fungal activity is therefore linked to
climate and moisture.

Mycorrhizal fungi connect with plant roots and can form underground networks spanning multiple
plants. These associations influence nutrient acquisition, drought response, seedling establishment,
and competition. Lichens combine a fungus with a photosynthetic alga or cyanobacterium and
colonize rocks, bark, deserts, and polar environments. Endophytic fungi live within healthy plant
tissues and may increase stress tolerance or chemical defense.

Fungi also regulate populations as pathogens and parasites. Plant diseases caused by rusts, smuts,
wilts, mildews, and rots reduce crops and restructure natural communities. Animal pathogens affect
insects, bats, amphibians, wildlife, and humans. These effects are ecological processes, though they
can become conservation or food-security crises.

Human Uses
Humans use fungi to produce bread, beer, wine, cheese, soy products, organic acids, enzymes,
vitamins, antibiotics, and immunosuppressive drugs. Edible mushrooms are cultivated as food, while
yeasts and filamentous fungi serve as model organisms in genetics and cell biology. Fungal enzymes
support paper, textile, food, and biofuel industries. Mycoremediation research examines whether
fungal metabolism can help transform pollutants.
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Benefits require caution. Wild mushrooms can contain lethal toxins, food can be contaminated by
mycotoxins, and fungal allergens can worsen respiratory disease. Agricultural and medical use of
fungicides can select resistant populations.

Fungal Disease and Public Health
Superficial infections affect skin, hair, nails, or mucosal surfaces. Endemic dimorphic fungi can infect
healthy people after environmental exposure, while opportunistic invasive disease disproportionately
affects patients with neutropenia, transplants, cancer treatment, advanced HIV, critical illness, or
immunosuppressive therapy. Candida auris, drug-resistant Aspergillus fumigatus, Cryptococcus
neoformans, and Candida albicans are among the critical-priority pathogens identified by the World
Health Organization. (World Health Organization, 2022; World Health Organization, 2025)

The burden is intensified by delayed diagnosis, limited laboratory capacity, drug toxicity, interactions,
long courses, few antifungal classes, and emerging resistance. WHO’s 2025 diagnostic analysis
described major global gaps, especially in low- and middle-income countries. The public-health
response includes surveillance, laboratory strengthening, antifungal stewardship, infection
prevention, occupational awareness, environmental research, and investment in new diagnostics and
treatments.

Host Immune Response
Physical barriers, epithelial cells, complement, neutrophils, macrophages, dendritic cells, and T
lymphocytes all contribute to antifungal defense. Pattern-recognition receptors detect cell-wall
components and trigger inflammation and phagocytosis. The effective response depends on fungal
form. Neutrophils are especially important against hyphae, while macrophages can ingest many yeast
cells and conidia.

Immune protection can itself cause tissue damage when inflammation is excessive. Disease outcome
reflects pathogen burden, virulence, site of infection, immune status, and treatment timing. The claim
that one morphotype alone “determines” immunity should therefore be replaced by an interaction
model.

History of Mycology
Fungi were observed and used long before microscopes. Early modern microscopy made spores and
hyphae visible. Pier Antonio Micheli’s eighteenth-century experiments helped demonstrate that fungi
arise from spores rather than spontaneous generation. Later work connected fungi to fermentation
and disease. Twentieth- and twenty-first-century advances in culture, immunology, molecular biology,
environmental sequencing, and genomics transformed mycology and continue to revise the fungal
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tree of life. (Watkinson, 2016)

Climate Change, Agriculture, and One Health
Environmental change can alter fungal geography and exposure. Temperature, drought, flooding,
wildfire, land disturbance, and movement of plants or animals affect where fungi grow and how
spores disperse. Climate is not a simple explanation for every outbreak, but surveillance should
consider changing habitats and occupational contact. Agricultural fungicide use can also select
resistance mechanisms that matter in human medicine, especially when related azole compounds are
used in fields and clinics.

A One Health approach connects human, animal, plant, and environmental health. Protecting crops,
conserving wildlife, controlling hospital transmission, and preserving effective antifungal drugs are
linked problems. Policies that focus only on clinical treatment miss reservoirs, exposure routes, and
ecological drivers.

Identification and Diagnostic Reasoning
Diagnosis can involve microscopy, histopathology, culture, antigen tests, antibody tests, mass
spectrometry, and molecular assays. A positive culture must be interpreted in context because fungi
can colonize skin or mucosa without invasive disease. Conversely, culture may be negative despite
serious infection. Species identification and susceptibility testing are increasingly important when
resistance is possible.

Clinical specimens should be collected before treatment when safe, transported correctly, and
interpreted with imaging and host risk factors. Empirical therapy may be necessary in critically ill
patients, but unnecessary antifungal exposure can cause toxicity and select resistance. Better
diagnostics allow treatment to be both faster and more precise.

Conclusion
Fungi are structurally diverse eukaryotes whose absorptive nutrition supports decomposition,
symbiosis, parasitism, and human industry. Modern classification no longer uses Deuteromycota as a
natural phylum and has divided the former zygomycetes among phylogenetic lineages. Their life
cycles may include haploid, dikaryotic, and brief diploid phases. Ecologically, fungi recycle nutrients
and sustain plants, while fungal pathogens threaten agriculture, biodiversity, and human health.
Understanding their classification and cellular biology is therefore inseparable from understanding
ecosystems, biotechnology, and the growing challenge of antifungal resistance.
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