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Out of the Tibetan Plateau: origin and evolution of lager yeast
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Abstract: Lager, produced from bottom-fermenting yeast (Saccharomyces pastorianus) at colder
temperatures, was first created in Bavaria, Germany in the 15th century and spread all over the world in
the early 19th century. It enjoys the highest production among the alcoholic beverages all over the
world. S. pastorianus, a hybrid of ale yeast S. cerevisiae and the wild yeast S. eubayanus, features
low-temperature tolerance which is inherited from S. eubayanus. Research in population genetics and
genomics has shown that S. eubayanus originated from the Tibetan Plateau and migrated to Europe
through the Silk Road. According to the studies in comparative genomics, two distinct genetic groups
existed in S. pastorianus taxon: Group I (Saaz) and Group II (Frohberg) which were prevalent in central
Europe and western Europe in the early period, respectively. The former is allotriploid (nearly 2n S.
eubayanus+1n §. cerevisiae) and the latter is allotetraploid (nearly 2n S. eubayanus+2n S. cerevisiae).
The two groups differ in low temperature tolerance, maltotriose utilization and flavor production
abilities. Most of the S. pastorianus strains preserved in the China General Microbiological Culture
Collection Center (CGMCC) belong to Group II. The discovery of wild S. eubayanus strains provides a
new avenue for the creation of new S. eubayanusxS. cerevisiae hybrids and thereby for breeding novel
non-transgenic lager yeast strains with unique fermentation properties, which may have significant
impact on the future beer brewing. This review briefly introduced the research history of lager yeast,
particularly the recent research on the hybrid nature, origin, evolution, and genome characteristics of S.

pastorianus, ending with a perspective on research trends in the future.

Keywords: lager yeast; Saccharomyces cerevisiae; Saccharomyces pastorianus; Saccharomyces
eubayanus; comparative genomics
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//—
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Saccharomyces eubayanus North America

Saccharomyces eubayanus West China
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(B)

Saccharomyces pastorianus CBS 1503 (Group 1)
Saccharomyces pastorianus CBS 1513 (Group 1)

Saccharomyces pastorianus CBS 1538 (Group 1)

Saccharomyces pastorianus CBS WS34/70 (Group 1I)

“Saccharomyces eubayanus Tibet

Saccharomyces bayanus NBRC 1948

Saccharomyces eubayanus CBS 12357 (Patagonia)

Saccharomyces bayanus CBS 380

Saccharomyces cerevisiae S288C

1 HARIEEEE R Saccharomyces pastorianus S E DN KERBEE R} S. eubayanus 1[G BT #k R K48

L RGL B £ R
Figure 1

Phylogenetic relationships of different groups and strains of Saccharomyces pastorianus, S.

eubayanus and related species inferred from the sequences of (A) six nuclear genes (RIP1, MET2, HIS3,
GDHI, FUNI4, and FSYI) and (B) mitochondrial open reading frames (OFRs)?* !,
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_— Chr X ————
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2 RIAEMEERE T Saccharomyces pastorianus 2 Nk R R G ARG REERY

Figure 2 Schematic maps of the chromosome structures of Group I/Saaz and Group II/Frohberg of lager
yeast Saccharomyces pastorianus™™. The S. cerevisiae (Sc, blue) and S. eubayanus (Se, orange) type
chromosomes and interchromosomal translocations are shown (modified from Wendland).
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Figure 3 A model for the origin of Groups I/Saaz and II/Frohberg of lager yeast S. pastorianus*. The
model involves two sequential hybridization events. The initial hybridization event between a haploid ale S.
cerevisiae strain and a diploid S. eubayanus strain generated a progenitor lager yeast. A second hybridization
event between the progenitor strain and another haploid ale S. cerevisiae strain generated an ancestor of the
Group II strains. Recombination between parental chromosomes in both Group I and II lager yeasts occurred
to generate hybrid chromosomes. The mitochondrial genomes of the both groups of S. pastorianus

originated from S. eubayanus.
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