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Saccharomyces bayanus var. uvarum comb. nov.,
a New Variety Established by Genetic Analysis
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Abstract—Partial genetic isolation of two Saccharomyces bayanus varieties, S. bayanus var. bayanus and
S. bayanus var. uvarum comb. nov., was established by hybridological analysis. The hybrids of these two vari-
eties were semisterile: their ascospores were characterized by low survival. Earlier, the new variety was
described as a group of cryophilic wine yeast cultivars capable of fermenting melibiose.
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There is substantial genetic, molecular genetic, and
physiological evidence [1, 2] that cryophilic, usually
melibiose-fermenting wine yeasts of the genus Saccha-
romyces belong to S. bayanus (syn. S. uvarum), which
is a sibling species of S. cerevisiae [3]. The type strain
S. bayanus CBS 380 is a low-fertility aneuploid wild-
type brewer’s yeast presumably containing nucleotide
sequences typical of the S. cerevisiae genes [4]. Strain
CBS 380 is unable to ferment melibiose, but it contains
the silent sequence MEL? (pseudogene) and can revert
to the Mel* phenotype {35, 6].

Based on the results of PCR analysis, the species
S. bayanus has recently been differentiated into two
groups [7], one comprising the type cultures S. bayanus,
S. globosus, S. heterogenicus, S. intermedius var. valden-
sis, and S. inustitatus and the other comprising the type
cultures S. uvarum and S. abuliensis and multiple wine
S. bayanus (S. uvarum) strains. In spite of the high
DNA-DNA homology level (86-100%) of these two
groups with the type culture S. bayanus 8], the homo-
geneity of this species is doubtful. Moreover, some
authors believe that the species S. uvarum should be
reestablished [9].

The present work was undertaken to reidentify the
type strains S. bayanus CBS 380, S. globosus CBS 424,
S. heterogenicus CBS 425, and S. bayanus strains
NCAIM Y.00676, NCAIM Y.00677, and NCAIM
Y.00789, whose affiliation to the species S. bayanus has
recently been established by the DNA-DNA reassocia-
tion method [8, 10].
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MATERIALS AND METHODS

The cultures used in this work were as follows: the type
strain S. bayanus CBS? 380 isolated from beer [4, 7, 8];
Sb5 and B19-13C derived from CBS 380 [11-14]; the
type strain S. abuliensis MCYC3 623 = CBS 7001 (iso-
lated from Mesophylax adopersus) [1, 4, 7, 8]; S. cere-
visiae strains NCAIM* Y.00676 and NCAIM Y.00677
isolated from beverage, and NCAIM Y.00789 isolated
from Carpinus betulus sap [10]; S. coreanus VKM?
Y-1446(Y-6B), or CBS 8687, isolated from grapes
{1, 4]; the type strain S. globosus CBS 424 isolated
from pear juice [7, 8]; strains 424-3A and AR1 derived
from CBS 424 [14]; and the type strain S. heterogeni-
cus CBS 225 isolated from apple juice {7, 8].

Yeasts were cultivated and hybridized at 25°C on
complete YPD agar medium. Spore formation was
induced on acetate medium. Hybridization was carried
out by the “spore-to-spore” or bulk method on com-
plete agar medium with the subsequent selection of
hybrids on minimal selective media. The asci envelopes
were disrupted enzymatically, and ascospores were iso-
lated using a micromanipulator. The monosporous
homothallic strains S. bayanus MCYC 623 and S. cer-
evisiae VKM Y-502 [1] with the ura3 (or lys) and adel
mutations, respectively, were used as high-fertility test
cultures. The monosporous strains NCAIM Y.00676,
NCAIM Y.00677, and NCAIM Y.00789 used for
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Table 1. Survival rates of ascospores of the Saccharomyces strains studied

Original species name and | Number of iso- | Survival rate of || Original species name and | Number of iso- | Survival rate of
strain number lated tetrads | ascospores, % strain number lated tetrads | ascospores, %

S. bayanus S. heterogenicus
CBS 380 12 48 CBS 425 65 7
Sbs 11 77 425-4A 11 98
B19-3C 13 65 S. cerevisiae
Sb5-3A 5 95 NCAIM Y.00676 8 84
B19-3C-5A 20 75 NCAIM Y.00677 8 69
S. globosus NCAIM Y.00789 8 100
CBS 424 11 77 00676-3-4 5 95
424-3A 10 60 00677-5-2 5 100
AR1 11 64

hybridization were marked by the spontaneous aux-
otrophic mutation lys. The lys mutants were selected on
agar media with DL-o aminoadipic acid as the selective
agent (Sigma, the United States).

RESULTS

For the genetic analysis of yeasts, it was necessary
to have high-fertility monosporous cultures. The analy-
sis of ascospores showed that all of the yeasts chosen
for analysis were homothallic; however, the ascospores
of some yeast strains, first of all CBS 380, CBS 424,
and CBS 425, were characterized by low survival rates
(Table 1). For this reason, instead of strains CBS 380
and CBS 424, the respective inbred yeast lines marked
by auxotrophic mutations were used for genetic analy-
sis: SbS (mel gald) and B19-3C (mel gald ura3 his6)
derived from CBS 380 and 424-3A (mel suc) and AR1
(ade mel suc) derived from CBS 424 (parenthesized are
the spore genotypes) [11-14]. The fertility of strains
Sb5, CBS 425, NCAIM Y.00676, and NCAIM Y.00677
was increased by monosporous cloning (Table 1).
However, the diploid segregants of the cloned strains
424-3A and AR1 turned out to be asporogenous in the
second generation. Furthermore, the growth rates of the
monosporous strains CBS 380, CBS 424, NCAIM
Y.00676, and NCAIM Y.00677 were low, so that they
produced colonies one day later than the ordinary wine
strains of S. bayanus and S. cerevisiae. As a result, the
attempts to hybridize strains 424-1A, AR1, SbS5, and
B19-3C with the genetic test strain S. bayanus MCYC
623 by the “spore-to-spore” method were unsuccessful:
no zygotes were obtained during the hybridization of
30-35 parent spore pairs. This explains why Kaneko
and Banno hybridized the sporogenous auxotrophic
derivatives of CBS 380 on YPD agar using a microma-
nipulator but selected prototrophic hybrids on minimal
selective media [12]. With allowance for this, further
attempts to obtain hybrids were undertaken by means
of the bulk hybridization of spores of auxotrophic par-
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ents with the subsequent selection of their hybrids on
minimal selective media.

Hybrids HB1, HB3, HB4, and HB7, whose parents
were marked by the complementary markers of aux-
otrophy, were selected on a minimal medium with
glucose (Table 2). Hybrids HB2, HBS, and HB6, one
of whose parents was marked by induced auxotrophy,
the other of whose parent was marked by the natural
recessive mutation leading to the inability to utilize
some sugars, were selected on media with melibiose,
sucrose, or galactose.

The spores of one of the hybrids obtained, CBS 380 x
CBS 424 (HB1), were characterized by a high survival
rate (64%). The fertility of the other hybrids, MCYC
623 x CBS 380 (HB2 and HB3) and MCYC 623 x CBS
424 (HB4, HBS, and HB6), was low (from 9 to 39%).
The low-fertility hybrids HB2-HB6, as well as the high-
fertility hybrid HB1, exhibited a digene meiotic segre-
gation of control markers, thus indicating a normal
recombination of parent genomes. Presumably, only
two hybrids, HB5(a) and HB5(b), segregated anoma-
lously; however, the number of spores of these two
hybrids was insufficient for thorough genetic analysis.
The highly different survival rates of the ascospores of
hybrids HB2-HB6 implied a mitotic instability in their
genomes. As expected, the control interspecies hybrid
CBS 380 x VKM Y-502 (HB7) was sterile.

Strains CBS 425 and NCAIM Y.00676 were hybrid-
ized with test strains by the “spore-to-spore” method,
whereas the hybrids of strains NCAIM Y.00677 and
NCAIM Y.00789 were selected on a minimal medium
with glucose. The genetic analysis of hybrids HB8-
HBI15 (Table 3) confirmed the DNA-DNA reassocia-
tion data [8] that all four strains belong to the species
S. bayanus. Indeed, the hybridization of these strains
with the test culture S. bayanus MCYC 623 gave fertile
hybrids (HB8-HB1 1) with the normal meiotic segrega-
tion of control markers, whereas their hybrids with
S. cerevisiae VKM Y-502 (HB12-HB15) were sterile.
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Table 2. Genetic identification of the type cultures Saccharomyces bayanus CBS 380 (Sb5, B19-3C), S. globosus CBS 424
(ARI1, 424-1A), and S. abuliensis MCYC 623 assigned to the species S. bayanus

) . : Number of encountered spores of the
Hybrid Parents Sugarin sclec- | Number of iso- osf‘;‘;&;ﬁgéf‘e‘i genotype:
o aB Ab AB ab
S. bayanus X S. bayanus
HB1 AR1 (ade) x B19-3C (his) | Glucose 41 64 2P:2N: 8T
HB2 623 (ura) X Sb5 (gal)
a) Galactose 53 32 15 17 21 13
b) Galactose 23 32 7 9 4 8
c) Melibiose 29 37 9 10 13 8
HB3 623 (lys) x B19-3C (his) | Glucose 27 27 5 8 8
HB4 623 (lys) X AR1 (ade) Glucose 29 16 5 3 4 6
HBS 623 (ura) X AR1 (ade)
a) Sucrose 14 9 0 5 0 0
b) Sucrose 11 14 0 2 4 0
c) Melibiose 41 23 8 7 8 13
d) Melibiose 13 39 5 5 4 5
HB6 | 623 (ura) x 424-1A (mel) | Melibiose 27 15 i 4 3 8
S. bayanus X 8. cerevisiae
HB7 B19-3C (his) x 502 (ade)
a) Glucose 15 0 - - - -
b) Glucose 16 0 - - - -

Note: In the second column, a, b, ¢, and d indicate independently obtained hybrids. In the last column, a and b indicate the auxotrophy of
the first and second parents, respectively; A and B indicate their prototrophy; the formula 2P : 2N : 8T represents the proportion of
the tetrads of parent (P) and nonparent (N) ditypes and tetratype (T).

Noteworthy was the low fertility (26%) of hybrid CBS
425 x MCYC 623 (HB10).

DISCUSSION

The high survival rate (64%) of the ascospores of
hybrid CBS 380 x CBS 424, which is close to that of
the parent strains, suggests the close relatedness of
these strains and their affiliation to one species, S. bay-
anus. Earlier, the same inference was drawn based on
the DNA-DNA hybridization data [8]. On the other
hand, the relatively low fertility (9—39%) of the hybrids
of strains CBS 380, CBS 424, and CBS 425 with the
test culture MCYC 623 is indicative of the partial
genetic isolation of these strains.

Earlier, the test cultures S. bayanus MCYC 623 and
VKM Y-1146 were used for the identification of fifty
wine and five wild-type strains of S. bayanus. Accord-
ing to fertility values, intraspecies S. bayanus hybrids
can be divided into two distinct groups characterized by
the 50 and 100% survival of spores (only one wine
strain, CECT 1884, had a fertility of 33%). The genetic
relatedness of yeasts producing semisterile hybrids
with the test cultures MCYC 623 and VKM Y-1146
must be established more exactly.

As for the type strains S. bayanus CBS 380, S. glo-
bosus CBS 424, and S. heterogenicus CBS 425, they
essentially differed from the other 55 S. bayanus strains
studied, as was proven by hybridological analysis. This
might be due to introgressive hybridization [4] or chro-
mosomal rearrangements [14].

These findings agree well with the data of Nguyen
and Gaillardin [7], who, based on the results of PCR
amplification and the restriction polymorphism of the
second nontranscribed spacer in ribosomal DNA,
revealed two subgroups within the S. bayanus species.
The first subgroup contained five strains (including
CBS 380, CBS 424, and CBS 425), whereas the second
subgroup comprised 28 strains, including the type
strains S. uvarum CBS 395 and S. abuliensis MCYC 623
and 19 wine strains of the species S. bayanus. A more
complete genetic characterization of the S. bayanus
species requires a further search for high- fertility
strains genetically close to the type strain CBS 380.
However, the experimental data presented in this study
and those available in the literature [7, 15] are sufficient
to establish a new S. bayanus variety: Saccharomyces bay-
anus Saccardo var. uvarum (Hansen) Naumov G. comb.
nov. Basionym Saccharomyces uvarum Beijerinck,
Arch. Néerl. Sci. Exactes Nat., Ser. II. 2: 269-289
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Table 3. Genetic identification of the type strain Saccharomyces heterogenicus CBS 425 and Saccharomyces strains
NCAIM Y.00676, NCAIM Y.00677, and NCAIM Y.00789 assigned to the species S. bayanus

Number of tetrads of the

Hybrid Parents I;)I;g}lz):a 2{)23,9: gl;r:t?slro(t))f- Total number of | Survival rate of type:

pairs tained isolated tetrads | ascospores, % 5 . T

S. bayanus X S. bayanus
HBS 623 x 00677 ND ND 13 96 2 i 10
HB9 623 x 00789 ND ND 13 90 4 7
HBI10 623 x 425 39 3 23 26 2URA : 2ura (3)*
HB11 623 x 00676 42 7 11 89 2URA : 2ura (9)
S. cerevisiae X S. bayanus

HBI12 502 x 00677 ND ND 24 0 - - -
HBI3 502 x 00789 ND ND 24 0 - - -
HB14 502 x 425 69 4 27 Ok - - -
HBI5 502 x 00676 46 7 26 0 - - -

Notes: P, N, and T stand for parent and nonparent ditypes and tetratype, respectively. ND indicates that no data are available, since hybrids
were selected on minimal selective media. Hybrids HB8-HB11 had the genotypes ura3 LYS/URA3 lys and ura3/URA3, respec-

tively.

* Parenthesized is the number of tetrads with the indicated segregation genotype.

** Two spores produced microcolonies.

(1898). The type strain is CBS 395. Synonyms Saccha-
romyces tubiformis Osterwalder (1924) [16] and Sac-
charomyces abuliensis Santa Maria (1978) [17].

The formal description of the taxon Saccharomyces
bayanus Saccardo var. bayanus [18]: The type strain
CBS 380. Synonyms Saccharomyces globosus Oster-
walder (1924) [16], Saccharomyces heterogenicus
Osterwalder (1924) [16], Saccharomyces intermedius
Hansen var. valdensis Osterwalder (1924) [16], and
Saccharomyces inusitatus van der Walt (1965) [19].

The two varieties described here were also differen-
tiated by molecular karyotyping [7, 15). Unlike S. bay-
anus var. bayanus, which has two chromosomes in the
region 245-370 kb, S. bayanus var. uvarum has three or
four chromosomes in this region. According to the
karyotyping data [15], the type strain S. tubiformis CBS
431 and strain “S. carlsbergensis” CBS 1604 are assigned
to S. bayanus var. uvarum, whereas the strain “S. uvarum”
CBS 378 is assigned to S. bayanus var. bayanus. Earlier,
these three strains were reidentified as S. bayanus based
on the DNA-DNA reassociation data [20].

According to the earlier classification of Saccharo-
myces cultivars [1, 21], cryophilic wine yeasts Saccha-
romyces bayanus ‘Uvarum’ g. comprise one of the
eight cultivar groups. The genetic and molecular
genetic data presented here suggest a partial genetic
isolation of this group from other yeasts of the species
S. bayanus.

MICROBIOLOGY  Vol. 69

No.3 2000

ACKNOWLEDGMENTS

I am grateful to Y. Kaneko (Japan) for providing
some yeast strains and to E.S. Naumova (Russia),
M. Aigle, C. Gaillardin, H.-V. Nguyen (France), and
P. Guidici (Italy) for fruitful discussion.

This work was supported by the Russian Foundation
for Basic Research, project no. 00-04-49116.

REFERENCES

1. Naumov, G.I., Genetic Identification of Biological Spe-
cies in the Saccharomyces Sensu Stricto Complex, J.
Ind. Microbiol., 1996, vol. 17, pp. 295-302.

Naumov, G.I., Natural Diversity of Yeasts is an Inex-
haustible Gene Pool for Fundamental and Applied
Research, Usp. Sovr: Biologii, 1997, vol. 117, pp. 185-
195.

Vaughan-Martini, A. and Martini, A., Saccharomyces
Meyen ex Ress. The Yeasts: A Taxonomic Study, Kurtz-
man, C.P. and Fell, J.W., Eds., Amsterdam: Elsevier,
1998, pp. 358-371.

Naumov, G.L, Naumova, E.S., Lantto, R.A., Louis, E.J.,
and Korhola, M., Genetic Homology between Saccharo-
myces cerevisiae and Its Sibling Species S. paradoxus
and S. bayanus: Electrophoretic Karyotypes, Yeast,
1992, vol. 8, pp. 599-612.

Turakainen, H., Aho, S., and Korhola, M., MEL Gene
Polymorphism in the Genus Saccharomyces, Appl. Envi-
ron. Microbiol., 1993, vol. 59, pp. 2622-2630.

Gilliand, R.B., The Raffinose Fermentation of Saccharo-

myces pastorianus and Saccharomyces bayanus,
Antonie van Leeuwenhoek, 1969, vol. 35, pp. 13-23.



342

7.

10.

11.

12,

13.

NAUMOV

Nguyen, H.-V. and Gaillardin, C., Two Subgroups within
the Saccharomyces bayanus Species Evidenced by PCR
Amplification and Restriction Polymorphism of the
Nontranscribed Spacer 2 in the Ribosomal DNA Unit,
Syst. Appl. Microbiol., 1997, vol. 20, pp. 286-294.

. Vaughan-Martini, A. and Kurtzman, C.P., Deoxyribonu-

cleic Acid Relatedness among Species of the Genus Sac-
charomyces Sensu Stricto, Int. J. Syst. Bacteriol., 1985,
vol. 35, pp. S08-511.

. Rainieri, S., Zambonelli, C., Hallsworth, J.E., Pulvirenti, A.,

and Giudici, P, Saccharomyces uvarum, a Distinct
Group within Saccharomyces Sensu Stricto, FEMS
Microbiol. Lett., 1999, vol. 177, pp. 177-185.

Tornai-Lehoczki, J., Peter, G., Dlauchy, D., and Dék, T.,
Some Remarks on “A Taxonomic Key for the Genus
Saccharomyces” (Vaughan Martini and Martini 1993),
Antonie van Leeuwenhoek, 1996, vol. 69, pp. 229-233.

Banno, L and Kaneko, Y., A Genetic Analysis of Taxo-
nomic Relation between Saccharomyces cerevisiae and
Saccharomyces bayanus, Yeast, 1989, vol. 5, sp. issue,
pp. 8373-S377.

Kaneko, Y. and Banno, I, Isolation and Genetic Charac-
terization of Auxotrophic Mutants in Saccharomyces bay-
anus, IFO Res. Commun., 1989, vol. 14, pp. 104-110.

Kaneko, Y. and Banno, 1., Reexamination of Saccharo-
myces bayanus Strains by DNA-DNA Hybridization

14.

15.

16.

17.

18.
19.

20.

21,

and Electrophoretic Karyotyping, IFO Res. Commun.,
1991, vol. 15, pp. 30-41.

Ryu, S.-L., Murooka, Y., and Kaneko, Y., Genomic Reor-
ganization between Two Sibling Yeast Species Saccha-
romyces bayanus and Saccharomyces cerevisiae, Yeast,
1996, vol. 12, pp. 757-764.

Naumova, E.S., Naumov, G.1., Michaels, K.A., and Ber-
itashvili, D.R., Identification of Chromosomal DNA in
the Yeasts Saccharomyces bayanus and S. pastorianus,
Dokl. Akad. Nauk SSSR, 1991, vol. 316, no. 3, pp. 744—
746.

Osterwalder, A., Neue aus Obst- und Traubensiften
gewonnene Saccharomyces-Arten, Zentralbl. Bakteriol.
Parasitenk., 1924, Abt. II, vol. 60, pp. 481-528.

Santa Maria, J., Biotaxonomic Studies on Yeast, Com-
mun. Inst. Nac. Invest. Agron. Serie General, 1978,
vol. 3, pp. 1-61.

Saccardo, P.A., Sylloge Fungorum Omnium Hucusque
Cognitorum, 1895, vol. 11, Part I, p. 457.

Van der Walt, J.P., Saccharomyces inusitatus sp. nov.,
Antonie van Leeuwenhoek, 1965, vol. 31, pp. 277-281.
Vaughan-Martini, A. and Martini, A., Three Newly
Delimited Species of Saccharomyces Sensu Stricto,
Antonie van Leeuwenhoek, 1987, vol. 53, pp. 77-84.
Naumov, G.I., Differentiation of the Gene Pool of Sac-
charomyces Cultivars: Eight Cultivar Groups, Dokl.
Akad, Nauk SSSR, 1989, vol. 306, no. 5, pp. 1253-1255.

MICROBIOLOGY Vol. 69 No.3 2000



