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Graphical abstract

Ecology and phylogeny of Saccharomyces eubayanus. (a) The ecological niche of S. eubayanus in the Southern Hemisphere —
Nothofagus spp. (southern beech) and sugar-rich fructifications (stromata) of its fungal biotrophic parasite Cyttaria spp., that
can attain the size of golf balls. (b) Schematic representation of the phylogenetic position of S. eubayanus within the genus
Saccharomyces based on whole-genome sequences. Occurrence in natural environments (wild) or participation in different
human-driven fermentations is highlighted, together with the thermotolerant or cold-tolerant nature of each species and the
origins of S. pastorianus, the lager beer hybrid.

Abstract

Saccharomyces eubayanus was described less than 10 years ago and its discovery settled the long-lasting debate on the
origins of the cold-tolerant yeast responsible for lager beer fermentation. The largest share of the genetic diversity of
S. eubayanus is located in South America, and strains of this species have not yet been found in Europe. One or more
hybridization events between S. eubayanus and S. cerevisiae ale beer strains gave rise to S. pastorianus, the allopolyploid
yeasts responsible for lager beer production worldwide. The identification of the missing progenitor of lager yeast opened
new avenues for brewing yeast research. It allowed not only the selective breeding of new lager strains, but revealed also a
wild yeast with interesting brewing abilities so that a beer solely fermented by S. eubayanus is currently on the market.
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TAXONOMY

Kingdom Fungi, Phylum Ascomycota, Subphylum Saccharo-
mycotina, Order Saccharomycetales, Family Saccharomyce-
taceae, genus Saccharomyces, species Saccharomyces
eubayanus.

PROPERTIES

S. eubayanus, together with S. arboricola, S. kudriavzevii
and S. uvarum, forms the group of cold-tolerant species of
Saccharomyces, i.e. species that are better adapted to grow-
ing at low temperatures (8-15°C) and/or that have a maxi-
mum growth temperature in the range 33-35°C, whereas
the maximum growth temperatures for S. cerevisiae and
S. paradoxus are 41-42 and 37-38 °C, respectively. Phyloge-
netically this species is basal in the genus, thus suggesting
that the adaptations to higher temperatures seen in S. cerevi-
siae are derived traits.

GENOME

A 11.66 MDb de novo assembled genome sequence of the type
strain (PYCC 6148%) was recently obtained [1], with a qual-
ity substantially higher than previously published genome
sequences of this species [2, 3]. The genome of S. eubayanus
is mostly syntenic with S. cerevisiae, with the exception of a
few small inversions and two reciprocal translocations
between chromosomes VIII and XV, and chromosomes II
and IV [3]. S. eubayanus has a diploid genome wih a very
low heterozygosity ratio of 0.0021 % [3]. Of the 5515 pre-
dicted protein-coding genes, a figure similar to current draft
genomes of other Saccharomyces species, 4993 are unambig-
uous 1:1:1 orthologues among S. cerevisiae, S. uvarum and
S. eubayanus [1]. The genes necessary for the utilization of
maltose, collectively designated as MAL genes, are present
in considerable numbers (14 genes spread across four chro-
mosomes) and in sub-telomeric regions [1].

PHYLOGENY AND PHYLOGEOGRAPHY

Together with S. uvarum, S. eubayanus occupies a basal
position within the genus Saccharomyces. These two species
also share their diversity hotspots in South America and an
ecological association with Nothofagus spp. (Southern
beech) [4, 5]. Although S. eubayanus has also been detected
in other regions [5], the relatively low number of strains iso-
lated and their lower genetic diversity suggests that South
America is the primary radiation centre. In Patagonia, two
1% divergent populations (Patagonia A and Patagonia B)
have been detected. Members of population B have been
also found in other regions, namely North America, Tibet
and New Zealand, albeit infrequently. In Asia, another two
more divergent populations (Sichuan and West China pop-
ulations) were also detected.

KEY FEATURES AND DISCOVERIES

The yeast that ferments lager-style beers represents a highly
successful inter-species hybrid that was generated in the
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brewing environment and can therefore be viewed as a case
of unintentional artificial selection. This yeast is presently
classified in the exclusively domesticated species S. pastoria-
nus (synonym S. carlsbergensis). This hybrid, that is thought
to be intimately associated with the emergence of lager beer
in Bavaria in the XVth century, has two progenitors: S. cere-
visiae ale yeasts, the prototypical brewing yeasts, and
S. eubayanus [2]. The identification of the non-cerevisiae
progenitor of S. pastorianus remained contentious since the
early 1980s, when the hybrid nature of lager yeasts become
evident. Only three decades later, with the discovery of
S. eubayanus, the origin of lager yeast became settled. Before
the description of S. eubayanus in 2011, S. bayanus, a spe-
cies described in 1895, was thought to represent the non-
cerevisiae ancestor of S. pastorianus but it is now evident
that S. bayanus is also a domestication-related hybrid with
contributions from S. cerevisiae, S. eubayanus and S. uva-
rum [2]. Like S. pastorianus, S. bayanus is not found outside
the brewing environment.

The identification of the missing progenitor of lager yeast
opened new avenues for brewing yeast research. The brew-
ing properties of S. eubayanus were compared to those of
S. pastorianus, and it was observed that S. eubayanus was
less sensitive to colder temperatures (10 °C) and unable to
use maltotriose. Being well adapted to the relatively low
temperatures of Patagonian Nothofagus forests, S. eubaya-
nus performed poorly at 22°C when compared to S. pastor-
ianus. S. eubayanus was also used to generate de novo lager
hybrids in crosses with ale strains [3]. The hybrids inherited
relevant brewing properties from both parents and showed
apparent hybrid vigor, fermenting faster and producing
more ethanol than the parents. The discovery of S. eubaya-
nus opened not only new opportunities for industrial utili-
zation through the selective breeding of new lager strains,
but revealed also a wild yeast with interesting brewing abili-
ties so that a beer solely fermented by S. eubayanus is cur-
rently in the market.

OPEN QUESTIONS

e What is the global distribution of S. eubayanus and
what are its dispersion routes?

e What is (are) the ecological niche(s) of S. eubayanus in
regions outside Patagonia?

e Does S. eubayanus exist in Central Europe? This is the
region where lager beer was first produced being there-
fore reasonable to assume that the hybrid of S. eubaya-
nus and S. cerevisiae was formed there.

e Can laboratory-generated hybrids of S. eubayanus x
S. cerevisiae outperform commercial S. pastorianus lager
strains for beer production?

Funding information
Grant UID/Multi/04378/2013 from Fundacao para a Ciéncia e a Tecno-
logia, Portugal.



Sampaio, Microbiology 2018;164:1069-1071

Acknowledgements

Ana Pontes is gratefully acknowledged for helping preparing the
graphical abstract. Funding from Fundagao para a Ciéncia e a Tecno-
logia FCT, grant UID/Multi/04378/2013 is acknowledged.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References

1.

Baker E, Wang B, Bellora N, Peris D, Hulfachor AB et al. The
genome sequence of Saccharomyces eubayanus and the domestica-
tion of lager-brewing yeasts. Mol Biol Evol 2015;32:2818-2831.

Libkind D, Hittinger CT, Valério E, Gongalves C, Dover J et al
Microbe domestication and the identification of the wild genetic
stock of lager-brewing yeast. Proc Natl Acad Sci USA 2011;108:
14539-14544.

3. Hebly M, Brickwedde A, Bolat |, Driessen MR, de Hulster EA et al.

S. cerevisiae x S. eubayanus interspecific hybrid, the best of both
worlds and beyond. FEMS Yeast Res 2015;15:fov005.

. Almeida P, Gongalves C, Teixeira S, Libkind D, Bontrager M et al. A

Gondwanan imprint on global diversity and domestication of wine
and cider yeast Saccharomyces uvarum. Nat Commun 2014;5:4044,

. Peris D, Langdon QK, Moriarty RV, Sylvester K, Bontrager M et al.

Complex ancestries of lager-brewing hybrids were shaped by
standing variation in the wild yeast Saccharomyces eubayanus.
PLoS Genet 2016;12:1006155.

Edited by: G. Preston

Five reasons to publish your next article with a Microbiology Society journal
1. The Microbiology Society is a not-for-profit organization.

2. We offer fast and rigorous peer review — average time to first decision is 4-6 weeks.
3. Our journals have a global readership with subscriptions held in research institutions around

the world.

80% of our authors rate our submission process as ‘excellent’ or ‘very good".
5. Your article will be published on an interactive journal platform with advanced metrics.

Find out more and submit your article at microbiologyresearch.org.


http://www.microbiologyresearch.org

