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Editorial on the Research Topic
Genomics of fungal hybrids

Hybrids are chimeric organisms that result from the crossing of two genetically
divergent lineages. Compared to their parents, hybrids sometimes show higher adaptive
capacities towards specific niches, thereby contributing to diversification (Abbott et al.,
2013). Fungal hybrids have been neglected by formal studies for a long time due to the
inherent challenges of the microbial species concept and the difficulty of identifying
hybrids based on morphological characters (Gabaldon, 2020a; Boekhout et al., 2021).
Although the first fungal hybrids were identified in Saccharomyces, thanks to careful
dissection of metabolic properties (Morales and Dujon, 2012) and emerging genome
sequencing technologies (Hittinger, 2013), it was the spread of these sequencing
technologies that revealed the true pervasiveness of hybrids across the fungal tree of
life (Naranjo-Ortiz and Gabaldon, 2020; Gabaldon, 2020b). Sequencing techniques,
particularly genomic approaches, have not only unearthed the hybrid nature of many
fungal organisms, but also serve as ideal tools for the study of hybrids. Hybrids have
chimeric genomes, which usually display high instability and are subject to evolutionary
pressures that are different from that of non-hybrid genomes (Runemark et al., 2019).
Understanding how hybrids are formed, how they cope with their chimeric genomes, and
how they evolve and adapt to distinct environments is a matter of intensive research. This
Research Topic gathers six outstanding contributions that use genomic approaches to
tackle diverse questions that relate to fungal hybrids.

One article by Ament-Velasquez et al. provides a compelling example of how
genomics can reveal past hybridization, in this case in the lichen-forming Letharia.
Guided by unexpected findings of triploid-like individuals, they used genomics to
determine that these are hybrids between L. lupina and a so-far-undescribed Letharia
lineage. Three other articles focus on the aftermath of hybridization at different time scales
in the genus Saccharomyces. The article by Drouin et al. tests the genomic shock
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hypothesis using transposable element expression in artificial
hybrids of different Saccharomyces species. The genomic shock
hypothesis states that newly formed hybrids experience massive
gene misregulation, including the activation of normally silenced
transposable elements, due to incompatibilities of the two merged
gene regulatory networks (McClintock, 1984). Contrary to
expectations from this hypothesis, the Drouin et al. study
shows that transposable elements are generally not differentially
expressed in hybrids, even when exposed to stress conditions.
This result adds to recent findings on the overall maintenance of
gene expression patterns in yeast hybrids (Hovhannisyan et al.,
2020a; Hovhannisyan et al, 2020b), and suggests that the
genomic shock hypothesis, which was proposed based on
observations of plant hybrids, may not hold for yeast hybrids.
Another article from Bendixsen et al. focuses on genomic
variation following hybridization by analyzing genomic data
from over 200 naturally occurring hybrids between different
species of the genus Saccharomyces. The study reports common
aneuploidies in hybrids, highlighting genome instability.
Interestingly, their findings show that hybrids from more
divergent parents result in more similar hybrids in terms of
which sequences are retained, pointing to shared stronger
constraints. Finally, an article by Heineika and El-Samad looks
further back in time by studying the regulatory fate of the Protein
Kinase A (PKA) regulon after the ancestral whole genome
duplication (WGD) in yeasts. This WGD results from an
ancestral hybridization between two divergent non-WGD
clades (Marcet-Houben and Gabaldon, 2015), but few studies
take this into account when studying regulatory divergence in
ancient paralogs of this clade. By using comparative
transcriptomics, Heineika and El-Samad elegantly reconstruct
the regulatory evolution of these genes, showing that the different
regulatory modes were pre-existing in each of the parental
lineages and were brought together by the hybridization event.
This study provides perhaps the first evidence that regulatory
divergence in hybridizing species may promote ohnolog
retention in post-WGD species.

Due to their unique ability to adapt to new niches, hybrids
are common among human-altered environments, including
industrial settings. The two remaining articles of this Research
Topic focus on Saccharomyces hybrids of industrial interest. The
contribution by Peltier et al. investigates how flor yeasts regulate
their central carbon catabolism during wine fermentation. Using
quantitative trait locus (QTL) mapping in the progeny of crosses
between two wine starter strains, one of which had an admixed
genome with flor strains, the authors identify genetic factors of
adaptive divergence between the flor yeast and the wine yeast
and show also that introgressions from flor strains promoted
the metabolic variability observed. Finally, the article by
Krogerus et al. use synthetic tetraploid hybrids between
Saccharomyces cerevisiae and Saccharomyces eubayanus to
generate genetic diversity in the F2 progeny through meiotic
segregation. They show that some of these derived strains show
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fermentation capacities similar to commercial lager strains and
found that higher ploidy was generally associated with faster
fermentation. This study highlights the potential of synthetic
hybrid formation, followed by selection on the progeny, to
generate new strains of industrial relevance.

Altogether, the six contributions to this Research Topic
provide important new insights on diverse aspects related to
fungal hybrids and underscore the potential of genomic
approaches to study them.
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