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DESCRIPTION

Lichens are complex biological associations involving fungi and
photosynthetic partners such as algae or cyanobacteria. Although
the visible structure of a lichen appears to be a single organism,
it is actually a consortium of multiple species that interact closely
throughout their life cycles. Within these associations, the fungal
partner contributes the majority of the physical structure and
plays a major role in determining growth form, habitat
preference, and ecological performance. Recent developments in
fungal genomics have provided opportunities to investigate how
lichen-forming fungi have evolved and adapted to environments
that range from humid tropical forests to arid deserts and polar
landscapes.

Lichenforming fungi belong predominantly to the phylum
although species
participate in lichen associations. For many years, investigations

Ascomycota, some Basidiomycota also
relied primarily on morphology and limited molecular markers
to classify these organisms. Whole-genome sequencing has
transformed understanding of their diversity by revealing
patterns of genetic variation that were previously difficult to
detect. Comparative analyses have demonstrated that lichen-
forming fungi possess genomic characteristics that distinguish

them from closely related non-lichenized species.

One notable feature involves the genetic basis of symbiotic

interaction.  Lichenforming fungi maintain longterm
associations with photosynthetic organisms that provide carbon
compounds through photosynthesis. Genomic studies have
identified specialized gene families associated with cellular

and

mechanisms. These genes contribute to the establishment and

communication,  nutrient  exchange, recognition
maintenance of stable symbiotic relationships. Their distribution
varies among species occupying different climatic regions,
suggesting adaptation to local environmental conditions and

partner availability.

The ability of lichens to colonize exposed and nutrient-poor
habitats has attracted considerable scientific interest. Many
species thrive on rock surfaces, tree bark, soil crusts, and other
substrates where few organisms

challenging can persist.

Comparative genomic investigations indicate that lichen-forming
fungi possess diverse metabolic capabilities that support survival
under such conditions. Genes involved in nutrient scavenging,
mineral interaction, and organic compound utilization
frequently exhibit expansion compared with related fungi

lacking symbiotic lifestyles.

Secondary metabolites constitute another prominent aspect of
biology. Lichens synthesize numerous chemical
that
environmental tolerance. Many of these substances possess
antimicrobial, antioxidant, or protective properties. Genomic
investigations have identified extensive collections of
biosynthetic gene clusters responsible for metabolite production.
Species from different climatic regions frequently exhibit distinct
biosynthetic repertoires, reflecting adaptation to local ecological
pressures.

lichen

compounds influence ecological interactions and

Solar radiation presents an important challenge for exposed
lichen communities. Ultraviolet radiation can damage cellular
structures and genetic material. Comparative genomic analyses
indicate that fungi inhabiting high-elevation or low-latitude
environments often possess enhanced genetic capacity for
protective pigment production and Deoxyribonucleic Acid
(DNA) repair. These features contribute to survival under
conditions characterized by elevated radiation exposure.

Reproductive strategies also influence genomic diversity. Some
lichen-forming fungi reproduce primarily through sexual spores,
while others rely heavily on vegetative propagules containing
both fungal and photosynthetic partners. Comparative analyses
suggest that reproductive mode affects patterns of genetic
variation, recombination, and population connectivity. Species
emphasizing sexual reproduction generally exhibit greater
opportunities for genetic reshuffling and adaptation to changing
environmental conditions.

Chromosomal organization among lichen-forming fungi displays
diversity. Genome sequencing has revealed
variation in chromosome number, repetitive DNA content, and

considerable

structural arrangement. Mobile genetic elements contribute to
genomic flexibility by generating mutations and rearrangements.

Correspondence to: Serena Volkov, Department of Environmental Mycology, Eastland Scientific University, Brno, Czech Republic, E-mail:

serena.volkov.efg@esu-czmail.org

Received: 27-Feb-2026, Manuscript No. FGB-26-42477; Editor assigned: 02-Mar-2026, PreQC No. FGB-26-42477 (PQ); Reviewed: 16-Mar-2026,
QC No. FGB-26-42477; Revised: 23-Mar-2026, Manuscript No. FGB-26-42477 (R); Published: 30-Mar-2026, DOI: 10.35248/2165-8056.26.16.303

Citation: Volkov S (2026). Comparative Genomic Characteristics of Lichen Forming Fungi across Diverse Climatic Regions. Fung Genom Biol.

16:303.

Copyright: © 2026 Volkov S. 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.

Fungal Genom Biol, Vol.16 Iss.01 No:1000303



Volkov S

Although once considered relatively static, lichen fungal
genomes are now recognized as dynamic systems capable of
evolutionary change over time.

Comparisons with non-lichenized relatives have provided
insights into the origins of lichen symbiosis. Certain gene
families appear reduced or absent in lichen-forming species,
whereas others have expanded significantly. These patterns
suggest longterm specialization associated with symbiotic
lifestyles.  Evolutionary analyses indicate that multiple
independent origins of lichenization have occurred throughout
fungal history, leading to diverse genomic solutions for similar
ecological challenges.

Transcriptomic studies complement genome sequencing by
examining gene activity under specific
conditions. Analyses of lichen fungi exposed to dehydration,
temperature stress, or altered light conditions reveal dynamic

environmental

changes in expression patterns. These responses provide insight
into the molecular mechanisms supporting survival across
diverse habitats.

The availability of high-quality genome assemblies continues to
improve rapidly. Longread sequencing technologies and
advanced computational methods now permit more detailed
examination of repetitive regions, chromosome structure, and
evolutionary history. As additional species are sequenced,
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comparative analyses become increasingly informative, allowing
broader assessment of genomic diversity among lichen-forming
fungi.

Research involving lichen fungal genomics contributes to
multiple scientific disciplines, including ecology, evolution,
conservation biology, and biotechnology. Understanding how
these organisms persist in challenging environments may
provide insights relevant to stress tolerance, natural product
discovery, and ecosystem function. Their capacity to inhabit
environments ranging from tropical forests to polar rock surfaces
reflects a long history of genetic adaptation and symbiotic
specialization.

CONCLUSION

The comparative study of lichen-forming fungal genomes reveals
a remarkable diversity of evolutionary strategies shaped by
climate, substrate, symbiotic interaction, and environmental

Through
organization, metabolic potential, and population structure,

pressure. analyses of gene content, genome
researchers continue to expand understanding of how these
unique fungi have adapted to some of the most varied habitats
on Earth. As genomic resources increase, future investigations
will further clarify the biological processes that contribute to the

success and persistence of lichen-forming fungi.
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