Research & Reviews: Research Journal of Biology

ISSN: 2322-0066

The Role of Horizontal Gene Transfer in Fungal Evolution and Adaptation to Host

Environments

Emily Hargrave*

Department of Microbiology and Molecular Genetics, University of Edinburgh, Edinburgh, Scotland, United Kingdom

Received: 24-Dec-2024, Manuscript
No. JOB-24-156394; Editor
assigned: 27-Dec-2024, PreQC No.
JOB-24-156394 (PQ); Reviewed: 10-
Jan-2025, QC No. JOB-24-156394;
Revised: 09-Dec-2025, Manuscript
No. JOB-24-156394 (R); Published:
16-Dec-2025, DOI:
10.4172/2322-0066.13.4.003

*ForCorrespondence: Emily Hargrave,
Department of Microbiology and
Molecular Genetics, University of
Edinburgh, Edinburgh, Scotland,
United Kingdom; Email:
emily.hargrave@ed.ac.uk

Citation: Hargrave E. The Role of
Horizontal Gene Transfer in Fungal
Evolution and Adaptation to Host
Environments. RRJ Biol.

2025;13:003.

Copyright: © 2025 Hargrave E. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use,
distribution and reproduction in any
medium, provided the original

author and source are credited.

Perspective

INTRODUCTION
Horizontal Gene Transfer (HGT), also known as lateral gene transfer, is a
phenomenon where genetic material is transferred between organisms in a
manner other than traditional inheritance. While HGT is a well-documented
process in prokaryotes, its role in eukaryotes, particularly in fungi, has been a
subject of increasing interest and research in recent years. Fungi, being a
diverse and ecologically important group, play critical roles in various
ecosystems, including symbiotic relationships with plants and animals, and as
pathogens of both plants and humans. The study of HGT in fungi is key to
understanding their evolution, adaptation to various environments, and their

interactions with hosts.

Fungi exhibit significant genetic flexibility, with many species capable of living
in diverse ecological niches, from soil and decaying organic matter to symbiotic
relationships with plants and animals. Historically, fungal evolution has been
studied through vertical gene transmission the inheritance of genes from
parent to offspring. However, more recent studies have shown that fungi can
also acquire genes from distant, unrelated organisms through HGT. These
foreign genes are then integrated into the fungal genome, potentially conferring
new capabilities, such as enhanced virulence, resistance to environmental

stresses or the ability to exploit novel resources.

One of the most notable aspects of HGT in fungi is its role in adaptation to host
environments. Fungal pathogens, in particular, can acquire genes that enhance
their ability to infect and survive in specific host environments. For example,
certain fungal species that infect plants or animals may obtain genes related to
immune evasion, host tissue degradation or metabolic adaptations that allow

them to thrive in their host's unique physiological conditions.
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DESCRIPTION

In fungal pathogens, HGT can contribute to increased virulence and pathogenicity. By acquiring genes from their hosts or
other organisms, fungi may develop novel mechanisms for infecting and colonizing host tissues. A well-known example is the
role of HGT in the emergence of pathogenic strains of Cryptococcus neoformans, a fungal pathogen that can cause severe
infections in immunocompromised individuals. Research suggests that C. neoformans has acquired several genes through
HGT that enhance its ability to resist host immune defenses, such as those that encode for antioxidants or heat-shock

proteins that help the fungus survive in the host’'s immune system.

Similarly, Botrytis cinerea, a major plant pathogen, has been found to acquire genes through HGT that allow it to break down
complex plant cell wall components. These genes, possibly obtained from bacteria or other fungi, enable B. cinerea to infect
a wide range of plant hosts and survive in diverse plant tissues. Such adaptations significantly improve the fungal ability to

infect and cause disease in agricultural crops.

HGT also plays a crucial role in the adaptation of fungi to extreme environments. Fungi are known to thrive in diverse
habitats, some of which present harsh conditions such as high salinity, low pH or limited nutrient availability. By acquiring
genes that confer resistance to these environmental stresses, fungi can expand their ecological niches. For instance, some
fungi that live in soils contaminated with heavy metals or pesticides may have acquired genes that help them detoxify these

substances, a process facilitated through HGT from bacteria or other fungi.

Additionally, HGT can enable fungi to utilize new carbon sources or alternative metabolic pathways. This genetic exchange
allows fungi to exploit niches that may be otherwise inhospitable, such as decaying wood or dung, by acquiring enzymes
capable of breaking down complex organic molecules. Such adaptations increase fungal survival and reproductive success

in environments where resources are limited or highly specialized.

The impact of HGT on fungal evolution is profound, as it accelerates the rate at which fungi can adapt to changing
environments. Unlike traditional genetic mutation, which is a slow process, HGT allows fungi to rapidly acquire beneficial
traits, sometimes within a single generation. This is particularly advantageous in environments where selection pressures,

such as exposure to antifungal drugs, evolving host immune systems or environmental changes, are intense.

CONCLUSION

One of the most intriguing examples of HGT in fungal evolution is the case of fungal resistance to antifungal drugs. Fungi,
like Candida albicans and Aspergillus fumigatus, have been known to acquire resistance genes through HGT, often from
bacteria. This acquisition of resistance can result in strains that are more difficult to treat with conventional antifungal
therapies, presenting a major challenge in clinical settings. Such developments underscore the adaptive power of HGT in

fungi, particularly in the context of their interactions with humans and other animals.

Beyond pathogens, HGT also plays a critical role in mutualistic and symbiotic relationships. Mycorrhizal fungi, which form
beneficial partnerships with plant roots, can acquire genes that enhance their ability to provide nutrients to plants, such as
nitrogen fixation and phosphorus mobilization. This gene transfer helps fungi adapt to specific plant hosts, ensuring the
survival and success of both partners. In return, fungi can benefit from the plant's photosynthetically derived carbon,

creating a mutually beneficial exchange.
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