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Abstract: The budding yeast Saccharomyces cerevisiae has been used by humans in food and
beverage fermentation for nearly 10 000 years. It is also a model organism commonly used in
genetics, molecular biology, genomics, and synthetic biology research. Ecological, population
genetics, and population genomics studies on both wild and domesticated populations of this
species conducted globally in recent years have shown that S. cerevisiae distributes
ubiquitously in the wild, including in primitive forests, and may prefer habitats such as
broad-leaved tree bark, decaying wood, and surrounding soil. The genetic diversity of S.
cerevisiae in China is significantly higher than that in other parts of the world, and the oldest
lineages of this species have only been found in China, suggesting an out-of-China origin of
this species. Ecological adaptation is the main force shaping the population structure of this
species, leading to a clear differentiation between the wild and domesticated populations. The
domesticated population has further diverged into solid- and liquid-state fermentation groups,
each with different domesticated lineages. The genetic diversity of the wild population is
significantly higher than that of the domesticated population, and the formation of genetic
diversity in the wild population appears to be mainly caused by neutral mutations. The wild and
domesticated populations exhibit significant differences in maltose utilization ability, genomic
heterozygosity, sporulation rate, and spore viability, indicating that these two populations adopt
different life strategies to adapt to their different habitats. The domesticated lineages adapt to
specific ecological niches through lineage-specific copy number variation (CNV), gene content
and allele distribution variations, horizontal gene transfer, and introgression.
Keywords: Saccharomyces ecological distribution; population
domestication; origin and evolution

cerevisiae; genomics;
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Figure 1 The life cycle and mating behaviors of Saccharomyces cerevisiae. S. cerevisiae usually grows in
nature as a diploid microbe. Diploid cells (a/a) either reproduce asexually by budding (mitosis) or undergo
meiosis and sporulation in response to nutrition depletion, resulting in the formation of tetrads with four
ascospores each. Ascospores either undergo intratetrad mating to form diploid cells, or germinate to form
haploid cells (a or a). A haploid cell either reproduces by budding, or mates with a sibling (selfing) or
non-sibling (outcrossing) haploid with an opposite mating type to form a diploid cell, or undergoes
haplo-selfing or autodiploidization through a process known as mating-type (MAT) switch to restore the diploid
phase.
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Figure 2 Success rates of Saccharomyces cerevisiae isolation from different substrates in the wild*®’. Data are
from Wang et al.l*!! except those marked with an asterisk which are from Barbosa et al.®"). The substrates with
more than ten samples subjected to S. cerevisiae isolation are selected. The types of the substrates (fruit, tree
bark, soil and rotten wood) are distinguished using different colors.
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Figure 3 Phylogeny and population structure of wild and domesticated isolates of Saccharomyces cerevisiae
with worldwide origins'®*). The phylogenetic tree is constructed from maximum likelihood analysis of 1 382 078
genome-wide SNPs from 612 strains and rooted by lineage CHN-IX. Isolate branches are coloured according to
geographic origins and groups are marked by different background colours. The population structure shown in
the outer ring is inferred using the ADMIXTURE program based on 239 507 biallelic SNPs when K (the
number of populations assumed) is set to 47 as determined by the minimum cross-validation error check. Each
strain is represented by a single vertical line broken into 47 colored segments, with lengths proportional to each

of the 47 inferred clusters.
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5T K R e B SRR 2 A
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(1 3), F IR AL B P RE R KR L
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ZFEE I T A A X, SR AT
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VB N ZE R 5, 9t AT 15 1Y) R T
B IR D7 52 A 2R AR G A IR B R
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AT [l A 4 A I s A AR AR Y 64 BRI
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5] B PR35 1 L S
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IR, BA R I8 A 2 R AT I AR
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(934 o SR, AN TR] R BIE S X6 PRI P 1) 224
IR H A A7 3 I e PR BIK Bl i 2 H Hh gt
AR YR X — FEA A2 T AR A 5, X
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TR BRI N . —SERESERT, FRI R 1A
[l 3 2R R S S s B AT AR B, SR T IR AR
S5 PR e B AR 45 o i A P00 750 i
75— SERI SN S SRR DA A S E S R
WA A 283 R TG T R H P DR 3R O 4 o
FE AR RO SIS RS R, kSR
Gl BRI Y g i AT RE S O S 2%, T e s BRI
I ST A A T R A RE 52 A i Bz Wy b ) ol e
LKL o AR Z ORISR 28 (9 23-Ae mT e e i AN ]
FRY K 20 7 3 B
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AeFr R IE s B K . SREAME HEIETH
e, e384 G+ B T AT 2B I K am 5L R LA %
DNA Fl 8 540 17 K S Ak 38 7y R 9 o Ath 45
fi, B E SRR A FRCRDT, XLt
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FHAASGEREHERSR | PRA A (W) 1] 58 R0 1l X (%) ZRARAT
RE A AR AR SBR[ R Jr $A0H F0 $y
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T W LA AU 0 B 1 0T TR AR 9 8 1 TR
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FAEFPSS S B kB, — A H— A E A
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Hf AR RO SR, SEER AL, A
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W R R BPA b S 2 M BV A T 25 Wil , &
B8 4 RN - A0 I BURE ) 0 A AR vk AT
AE = — AN AR e B A MR P i TG K
R FF AS AR SR 72 A B 10 T8 WL
et 1 o PR A TE T8 2 48 R0 DU 401 PN A2 BE A 19 E )
AR AR BAT BRI, R Ry i — AL el
TP T B AN T B 5z 52 TC TR0 240 Y %) A A6 5 mT DAk
AGMHAT SR, A TR FREH 7, ik
B 1 DR g /DA 208 B HL A A i A2 T Y f 248 I T AN
RESCHC A RBP4 P R, R34S T4 T 5%
Bt R R, R4 T 10 2007 i sg B Y
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PR E A 378 K T A [R] 5= L A5 B A8 o S S L 1)
B, R IR HHE s PP 1 i B A8 e AU i
8t 701 (] 5% PC 5 7 P 200 G P AT 1) 3 b A rh 2
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RIS Pt B R 30 A A B[R] o A, DRI R Ak T 5%
EFNZA, X AT B SR AE BT A A X DA A 2]
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S ERRETRIR ;. A KBS B S5 R
FRIRG, WS REUR A S 1), NI A 4
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AL (A 20 e A o S TE Y e FD ) 5 TR R )
Sl A 1 AR EACIRES NI = A HA B AL R R ) —
FERE ), Mortimer 2R, it iX—
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F 58 H>) ) SR RE SR 2 9 35 T A A 2 18] LA
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1 40%—60%'*, 7E LSF 1 SSF 2k#h, 25 A
[vi) £ i RVORE T 1) B R 5 T IS [ 9 33 R
Jeie PR IR Al , B R A T 2R
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[Fi) b X R ) P T ) PR AR T B T 7 ST AR 3% 2R
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