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In recent years an increasing trend towards terroir-emphasizing yeasts has emerged, and with that a need to dis-
tinguish local strains from commercial available wine yeasts. Therefore, in the present study, a database was set up 
with the genetic profiles of commercial wine yeasts used in Austria. This is an important tool for the selection and 
verification of autochthonous wine yeasts from vineyards, wineries or must productions. Three different molecular 
markers, namely microsatellites, interdelta analysis and M13 fingerprinting, were tested for their ability to differen-
tiate 75 commercial wine yeast strains in a single approach and in combination. It turned out that at least two of the 
methods should be used for a meaningful comparison and distinct discrimination. Four autochthonous yeasts could 
be differentiated from their commercially propagated relatives. If a quick initial assessment has to be done, then 
microsatellite analysis is certainly the favored method.
Keywords: SSR marker, PCR, interdelta, M13

Differenzierung von kommerziellen Weinhefestämmen mittels molekularer Marker. In den letzten Jahren hat 
sich ein zunehmender Trend zu terroir-betonten Hefen herausgebildet, mit dem die Notwendigkeit verbunden ist, 
lokale Stämme von kommerziell erhältlichen Weinhefen zu unterscheiden. In der vorliegenden Studie wurde daher 
eine Datenbank mit den genetischen Profilen der in Österreich verwendeten kommerziellen Weinhefen erstellt. Dies 
ist ein wichtiges Instrument für die Auswahl und Überprüfung von autochthonen Weinhefen aus Weinbergen, Wein-
gütern oder Mostproduktionen. Drei verschiedene molekulare Marker, nämlich Mikrosatelliten, Interdelta-Analyse 
und M13-Fingerprinting, wurden auf ihre Fähigkeit getestet, 75 kommerzielle Weinhefestämme in einem einzigen 
Ansatz und in Kombination zu unterscheiden. Es stellte sich heraus, dass mindestens zwei der Methoden für einen 
aussagekräftigen Vergleich und eine eindeutige Unterscheidung verwendet werden sollten. Vier autochthone Hefen 
konnten von ihren kommerziell vermehrten Verwandten unterschieden werden. Wenn eine schnelle Ersteinschät-
zung durchgeführt werden soll, ist die Mikrosatellitenanalyse mit Sicherheit die zu bevorzugende Methode.
Schlagwörter: SSR Marker, PCR, Interdelta, M13
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Yeasts are the most important additive component in 
winemaking. Yeasts of the Saccharomyces sensu stricto 
complex play the main role, their dominating species 
being Saccharomyces cerevisiae, S. uvarum and hybrids 
like S. uvarum × S. eubayanus (formerly: S. bayanus) 
or S. cerevisiae × S. kudriavzevii. Currently about 500 
wine yeasts are registered as agents for wine producti-
on in Austria (Liste der Weinbehandlungsmittel, 
2019). For the development of new yeast strains, it is 
necessary to identify them, compare certain individuals 
and produce pure yeast cultures. A quick and easy tool 
for identification is the use of molecular techniques. In 
contrast, morphological and physiological characteriza-
tion is time-consuming and depends on environmental 
influences, and a clear distinction of the yeasts was not 
possible with the traditional microbiological methods 
(Lavallée et al., 1994).
Microsatellite analysis for the discrimination of S. cer-
evisiae strains has been a well-established method for 
over 20 years (Gallego et al., 1998; Hennequin et al., 
2001; Howell et al., 2004). Due to the possibility of 
Multiplex PCR of microsatellite loci with a high degree 
of polymorphism a large number of yeast strains can be 
differentiated in short time (Legras et al., 2005). Ano-
ther advantage of this method is its robustness, the high 
discriminatory power and that it even can be applied to 
raw DNA templates.
Microsatellites are simple sequence repeats (SSR or 
Short Tandem Repeats = STR) consisting of 2 to 7 base 
pairs arranged up to 50 times. The allele length varies 
between different individuals, making them good mar-
kers for high resolution discrimination of individuals. 
Typically, for identification several profiles of microsa-
tellite loci are compared. Despite the fact that the loci 
are polymorphic, it is possible that different strains own 
the same profile at the used loci (Legras et al., 2005). 
Analysis by microsatellite loci is one of the most efficient 
marker methods and therefore used in studying genetic 
diversity, genotyping, construction of genetic maps, po-
pulation analysis and clarifying phylogenetic relation- 
ships at the species/subspecies/genus level of many or-
ganisms as humans, plants, animals and microorganisms 
(Weising et al., 1995; Webster and Reichart, 2005; 
Carneiro Vieira et al., 2016).
Delta analysis is also a well-established method for 

the differentiation of yeasts (Lavallée et al., 1994; 
Fernández-Espinar et al., 2001; Legras and Karst, 
2003) The used primers are homologous with the 
delta sequence of the Ty transposon (Ness et al., 1993). 
The delta elements are so-called LTRs (Long Terminal 
Repeats) which are present on retrotransposons as flan-
king 'direct repeats', but are also distributed as individual 
LTRs in the genome (Lesage and Todeschini, 2005). 
The number and position of the delta elements are diffe-
rent for each yeast strain, allowing discrimination (Ness 
et al., 1993).
PCR fingerprinting with primer M13 is a method that 
has already long been used for the differentiation of 
yeasts (Lieckfeldt et al., 1993; Andrighetto et al., 
2000; Urso et al., 2008). The primer corresponds to the 
nuclear sequence of the phage M13 (Huey and Hall, 
1989), which is specific to minisatellite DNA sequences 
in the yeast genome (Lieckfeldt et al., 1993).
The use of yeasts to underline the regional typicity plays 
an increasing role in wine and apple/pear must produc-
tion. In order to find these yeasts, identify them and be 
able to clearly define them as autochthonous, it is neces-
sary to compare them with existing data from commer-
cial yeasts. This study was done to establish a database 
of genetic profiles from commercial available yeasts for 
Austria. It is the first time that such a tool is available 
for the quick discrimination of supposedly new selected 
yeast strains.

MATERIALS AND METHODS

YEAST STRAINS AND CULTIVATION

All strains used in this study are listed in Table 1. The-
re are a total of 75 strains, from 15 different suppliers 
of the genera Saccharomyces cerevisiae (var. cerevisiae) 
(SC), S. eubayanus or S. cerevisiae var. eubayanus (SB) 
and S. uvarum, S. eubayanus var. uvarum (SU) accor-
ding to the manufacturer. To avoid contamination with 
wild type yeasts, all samples were first rehydrated and 
plated on Wallerstein Nutrient Agar (Thermo Scienti-
ficTM OxoidTM, Basingstoke, UK). Single colonies from 
Saccharomyces yeasts were chosen and cultivated on 
PDA-Agar (Carl Roth, Karlsruhe, Germany).
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DNA ISOLATION

Genomic DNA was isolated from liquid yeast cultures 
applying the commercial kit MasterPureTM Yeast DNA 
Purification Kit (Epicentre, Madison, USA) according 
to the manufacturer’s protocol. The DNA isolation of 
samples, which could not be cultivated on plates due to 
their expired shelf-life, was performed according to the 
protocol of Legras and Karst (2003).

PCR AMPLIFICATION

All PCR amplifications were carried out in an Eppen-
dorf Mastercycler (Eppendorf, Hamburg, Germany).

ITS-PCR

Application of ITS1/4-PCR ensured that the selected 
yeast colonies belonged to the Saccharomyes sensu stric-
to complex (Valente et al., 1996) (data not shown). 
For amplification of the Internal Transcribed Spacers 
(ITS1 and ITS2) and 5.8S rDNA gene regions, the pri-
mers ITS1 (5’- TCC GTA GGT GAA CCT GCG G - 
3’) and ITS4 (5’- TCC TCC GCT TAT TGA TAT GC - 

 

3’) (White et al., 1990) were used. PCR reactions were 
carried out in a final volume of 15 µl containing 1,5 µl of 
template DNA, 2X GoTaq® Green Master Mix (Prome-
ga, USA) and 4,5 µM of each primer. The amplification 
conditions were: 5 min at 95 °C, 35 cycles of (1 min at 
95 °C, 1 min at 55 °C, 1 min at 72 °C) and 8 min at 72 °C.

MICROSATELLITE ANALYSIS

Microsatellite analysis was performed with primers C5, 
C11, SCYOR267C and SC8132X (Table 2) as single 
PCR. As fragment analysis was done with the sequencer 
(Licor, 4300 DNA analyzer), all forward primers were 
labelled on the 5’ end with different fluorescent dyes: 
IRDye 700 (phosphoramidite) and IRDye 800 (phos-
phoramidite). The 15 µl PCR reaction consisted of 1,5 
µl of template DNA, 2X GoTaq® Master Mix (Prome-
ga, Madison, USA) and 5 µM of forward and reverse 
primer. For primer C5, C11 and SCYOR267C ampli-
fication conditions were: 4 min at 94 °C, 35 cycles of  
(30 s at 94 °C, 30s at 55 °C, 1 min at 72 °C) and 7 min at  
72 °C; for primer SC8132X the annealing temperature 
was changed to 64,4 °C.



MITTEILUNGEN KLOSTERNEUBURG  70(2020): 28-43                                                                        SILHAVY et. al         

---   33  ---

         

INTERDELTA PCR TYPING AND MINISATELLITE 
ANALYSIS

For a better discrimination of the yeast strains, PCRs with 
interdelta primer and minisatellite marker M13 were done. 
PCR reactions were carried out in a 10 µl reaction volume 
consisting of 1,5 µl of template DNA, 2X GoTaq® Master 
Mix (Promega, Madison, USA) and 5 µM of forward and re-
verse primer, in the case of M13 10 µM primer. The used pri-
mers were δ1 (5’- CAA AAT TCA CCT ATA TCT CA – 3’), 
δ2 (5’- GTG GAT TTT TAT TCC AAC A – 3’) described by 
Ness et al. (1993) and δ12 (5’- TCA ACG ATG GAA TCC 
CAA – 3’) designed by Legras and Karst (2003). PCR 
combinations δ1-2 and δ12-2 were described by Legras 
and Karst (2003). PCR conditions were 4 min at 94 °C,  
30 cycles of (30 s at 94 °C, 1 min at 55 °C, 2 min at 72°C) 
and 10 min at 72°C.
The M13 primer with the sequence 5’- GAG GGT GGC 
GGT TCT – 3’ was established by Huey and Hall (1989). 
Two different temperature regimen were used, with adap-
tions of those described by Suranská et al (2016).  Ampli-
fication conditions for temperature program M13/37 °C 
were 4 min at 94 °C, 38 cycles of (40 s at 94 °C, 80 s at 37 °C, 
45 s at 72 °C) and 5 min at 72 °C and for M13/50 °C: 4 min 
at 94 °C, 38 cycles of (1 min at 94 °C, 1 min at 50 °C, 1 min 
at 72 °C) and 5 min at 72 °C.

ELECTROPHORESIS AND FRAGMENT LENGTH 
ANALYSIS (FLA)

For the verification of the yeasts as Saccharomyces the 
ITS1/4-PCR products were loaded onto 1,5 % agarose gels 
(1 × TAE) and run for 1 h at 5 V/cm. The same conditions 
were used for the microsatellite PCRs to estimate the DNA 
concentration of the amplicons.
The sizes of the amplified fragments of the four microsatel-
lite loci were measured on a LI-COR 4300 DNA Analyzer 
(LI-COR Biosciences, Lincoln, USA). Concentrated Size 
Standard IRDye700 and IRDye800 50-350bp (Li-COR 
Biosciences, Lincoln, USA) were used as internal size stan-
dard. Data analysis was managed with the software SAGA 
GT/MX Server Edition.
The separation of the amplification products from delta and 
M13 analysis was done on 1,8 % agarose gels (0,5 × TBE) 
for 3 to 4 h at 3 Vcm. The documentation of the resulting 
PCR band pattern was done with the gel image system 

E-Box (Peqlab, UK) and further analysis with the software 
GelAnalyzer 2010 developed by Istvan Lazar (www.
gelanalyzer.com). The statistical analysis of the data was 
done with the software PAST 3 (Hammer et al., 2001). For 
all dendrograms presented, the distances between the yeast 
strains were calculated by Euclidean distance, and the phylo-
genetic tree was constructed using the Unified Pair Method 
with Arithmetic Mean (UPGMA), a hierarchical clustering 
method.

RESULTS AND DISCUSSION

For the creation of genetic fingerprints of the selected com-
mercial yeasts, four microsatellite markers were used, which 
have already been shown to be effective in a previous study 
(Silhavy et al., 2006). The marker C5 and C11 are located 
in the inter-genic regions of chromosome IV respectively 
X, SCYOR267C on ORF 2 (YOR267C) and SC8132X on 
ORF 3 (YPL009c) (Field and Wills, 1998; Legras et al., 
2005). The microsatellite analysis data are shown as dendro-
gram in Figure 1.
It was found that with the use of the four SSR markers not 
all strains could be differentiated. This is not surprising for 
the yeasts Oenoferm Klosterneuburg and Oenoferm Rouge, 
since the second is a clone selection of the first (cf. Erbslöh 
yeast data sheet). The different characteristics which occur 
during fermentation could be detected by gene expression 
analysis or Hxt-analysis (Köllner et al., 2010). Microsa-
tellite analysis is a very robust method that is not affected by 
physiological parameters. The used markers in this study are 
highly polymorph. Generally SSRs show a higher mutation 
rate than other neutral regions of the DNA. This circum-
stance, which results in high levels of allelic diversity makes 
them so useful for genetic studies (Sweet et al., 2012).
The large cluster of non-differentiable yeasts in the upper 
part of the dendrogram marked with a rectangle consists on 
the one hand of yeasts suspected to be related to the yeast 
strain EC 1118 (Prise de mousse, selected by the Institute 
Oenologique de Champagne) like Uvaferm PM or Bio 118 
Champagne, on the other hand yeasts that also are either 
derivatives of this yeast or just coincidentally have the same 
allele profile at the four investigated loci. Martinez et al. 
(2007) showed that LVCB and EC1118 had the same ge-
netic profile with two different methods, RAPD and PFGE 
(pulsed field gel electrophoresis). Salinas et al. (2010) 
suggest that the yeast LVCB, which is an S. cerevisiae strain 
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Fig. 1: Hierarchical clustering of the microsatellite analysis (black: S. cerevisiae, green-gray: S. eubayanus, turquoise: S. 
uvarum, blue: unknown, pink: autochthonous yeast strains)  
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from Chile, is derived from EC 1118. The yeast strain 
QA23 could be a derivate. In the study by  Bradbury et 
al. (2006) only at two loci differences to EC 1118 revea-
led. This strain is marketed by different manufacturers 
both as S. cerevisiae and as S. bayanus, whereas the Insti-
tute FranÇais de la Vigne et du Vin describes it on their 
homepage (www.vignevin.com) as Saccharomyces cerevi-
siae var. bayanus. In the studies of Legras et al. (2007) 
and Borneman et al. (2016) it was also clustered with 
EC 1118. This picture changes with interdelta and M13 
analysis (Fig. 2 and 4).
It is a known problem that yeasts are labelled as S. baya-
nus and they genetically resemble S. cerevisiae (Fernán-
dez-Espinar et al., 2001). Dunn et al. (2005) con-
cluded that this differentiation should be abolished, if 
there is not an overwhelming evidence of phenotypic or 
genetic differences. They showed in their study that the 
genome of strain EC 1118 has a high similarity to the 
strain SC288C, which is a standard laboratory S. cerevi-
siae strain. Borneman et al. (2016) found in their re- 
search that there is very limited genetically variation bet-
ween the commercial wine yeast strains and furthermore 
showed that nearly all of the tested yeast strains were S. 
cerevisiae and not interspecific hybrids or other strains 
from the Saccharomyces sensu stricto complex. Coi et al. 
(2017) have come to conclusion that the yeast EC1118 
is a cross between a flor yeast and S. cerevisiae.
In wine fermentation yeasts which belong to the spe-
cies of S. bayanus (S. uvarum × S. eubayanus)/S. uvar-
um are usually related to the ability to ferment at lower 
temperatures and greater production of aroma-active 
higher alcohols than S. cerevisiae strains (Castellari 
et al., 1994; Massoutier et al., 1998; Stribny et al., 
2015). Nevertheless in the descriptions of the producers 
it is possible to find some yeasts which are declared S. 
cerevisiae strains, but are announced with the ability of 
low temperature fermentation. In the microsatellite ana-
lysis two of these yeasts could be found in the second 
part of the previously mentioned cluster, namely Uva-
ferm WAM (Lallemand) and Premium Protiol (Vason).  
These strains could be S. uvarum or alternatively hybrids 

of S. cerevisiae × S. uvarum, or S. cerevisiae × S. kudriavze-
vii (Borneman et al., 2012). Regardless to other facts 
in this article the species names of the yeasts were left 
as stated by the manufacturers. Four putative autochtho-
nous yeast strains were as well included, so that the use-
fulness of the new database could be verified. The strains 
S2 and S3 were sampled at the same manufacturer.
When looking at the dendrogram of delta analysis (Fig. 
2), there are also individual yeasts that have very simil-
ar profiles. Nevertheless, this method attains a distinct 
discrimination, which was also shown by Stadlwieser 
et al. (2006). Compared to the results of the microsa-
tellite analysis those yeasts, which showed similar band 
patterns are now more separated. The data shown are the 
assembly of the two delta profiles achieved with primer 
combination δ1/δ2 and δ12/δ2. It is pointed out that 
the disadvantage of the method is that, like the subse-
quent M13-PCR, it does not always give reproducible 
results (Fernández-Espinar et al., 2001). However, 
the use of a higher annealing temperature leads to the 
formation of more stable products (Ciani et al., 2004). 
Ayoub et al. (2006) also showed in their study that the 
discrimination with interdelta analysis is possible, when 
the same genetic pattern occurs with microsatellite ana-
lysis and vice versa. Schuller et al. (2004) showed 
with interdelta analysis using primer combination δ12/
δ2 from Legras (2003) a better discrimination than the 
primer combination δ1/δ2 by Ness et al. (1993). This 
result could not be confirmed in the present study, the 
highest resolution could be achieved with the combina-
tion of both analyses, that was also the case in the study 
of Pfliegler and Sipiczki (2016). The reason could be 
the use of a higher annealing temperature, which resul-
ted in the generation of fewer bands (Ciani et al., 2004) 
and furthermore in a lower resolution. Pfliegler and 
Sipiczki (2016) found that the primer pairs δ1/δ2 and 
δ12/δ2 have to amplify different genomic interdelta 
regions, as the results of the two primer combinations 
were not comparable. This is in agreement with our stu-
dy, as shown in Figure 3.
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Fig. 2: Hierarchical clustering of the combined delta analysis (black: S. cerevisiae, green-gray: S. eubayanus, turquoise: 
S. uvarum, blue: unknown, pink: autochthonous yeast strains)  
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The only disadvantage is that if an exact determination of 
the band length is necessary, then here too the costs be-
come higher due to the use of a capillary sequencer. Ho-
wever, for rapid assessment, the use of agarose gels and 
reference yeast strains is sufficient in most cases. This is 
especially important if the question has to be clarified, 
whether it is an autochthonous yeast or not, that could 
be used as terroir yeast from a winemaker or must pro-
ducer. Simple SSR analysis is as well a very useful tool 
for the analysis of yeast fermentations to see which yeast 
strain completes it (Pavelescu et al., 2005).

Fig. 3: Comparison of hierarchical clustering of the (a) δ1/δ2 and (b) δ12/δ2 analyses (black: S. cerevisiae, green-gray: S. 
eubayanus, turquoise: S. uvarum, blue: unknown, pink: autochthonous yeast strains)

PCR fingerprinting with the M13 primer was also able 
to differentiate all yeasts well (Fig. 4). The downside of 
this method is that M13 produces many bands (Fig. 5) 
and these are not always reproducible. Like delta analy-
sis, this method relies on clean DNA and DNA concent-
ration to provide reliable results (Fernández-Espinar 
et al., 2001; Vaudano and Garcia-Moruno, 2008; 
Pfliegler et al., 2014). Higher DNA quality is asso-
ciated with higher costs for purification. Microsatellite 
PCR, on the other hand, is a very robust method that gi-
ves distinct results even without or only with a very pre-
liminary purification of the DNA (Howell et al., 2004). 
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Fig. 4: Hierarchical clustering of the M13 analysis (black: S. cerevisiae, green-gray: S. eubayanus, turquoise: S. uva-
rum, blue: unknown, pink: autochthonous yeast strains)
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Fig. 5: PCR with Primer M13 (50 °C), first and last lane: molecular mass marker GeneRuler 100 bp plus (Thermofisher, 
Waltham, USA) 
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tinct differentation could be achieved. The combinati-
on of microsatellite and delta analysis also achieved an 
obvious discrimination of the yeast strains (Fig. 6 (b)), 
which was expected, since both methods alone ensure 
clear distinction.

Furthermore, combinations of the three methods were 
tested. The first combination shown in Fig. 6 (a) is as 
reported by Suranská et al. (2016) which was used to 
distinguish autochthonous yeasts in southern Moravia. 
Also with the commercial yeasts of this study, a dis- 

Fig. 6: Hierarchical clustering of the combined analysis (a) delta/M13, (b) Microsatellite/delta and (c) all three methods com-
bined (black: S. cerevisiae, green-gray: S. eubayanus, turquoise: S. uvarum, blue: unknown, pink: autochthonous yeast strains)
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In Figure 6 (c) the assembled data of all three methods is shown. This combination resulted in a high distinctness of 
all yeast strains used. As mentioned before a clear differentiation between S. cerevisiae and S. eubayanus/uvarum is 
not possible. Notable is the clustering of the yeasts including EC1118 (marked with a rectangle), which more or less is 
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evisiae and S. bayanus. As it is not announced by the pro-
ducer of Vino.Crio to which species the yeast belongs, 
both explanations are possible.
Summing up: it depends on the task which method will 
be used for the differentiation. By default, microsatellite 
PCR could be preferred, as it is the most reliable of the 
three methods followed by delta analysis. The genetic 
profiles of the commercial yeasts generated in this study 
are stored in a database and can thus be used to verify 
new yeast selections from wine or must samples. Our 
samples of autochthonous yeast were used for testing 
the method and could be distinguished clearly from the 
commercial ones.

In Figure 6 (c) the assembled data of all three methods 
is shown. This combination resulted in a high dis- 
tinctness of all yeast strains used. As mentioned be-
fore a clear differentiation between S. cerevisiae and S. 
bayanus/uvarum is not possible what is notable, is the 
clustering of the yeasts including EC1118 (marked 
with a rectangle), which more or less is strongly influ-
enced by the delta analysis. All of these yeasts (except 
the two autochthonous yeasts) are either declared S. 
bayanus yeast strains or in the case of Premium Protiol 
and Vino.Crio ideal for fermentation at low tempera-
ture, which would be typical for S. bayanus yeasts. An 
explanation could be that the yeast strain Premium 
Protiol is an unidentified interspecific hybrid of S. cer-

REFERENCES

Andrighetto, C., Psomas, E., Tzanetakis, N., 
Suzzi, G. and Lombardi, A. 2000: Randomly ampli-
fied polymorohic DNA (RAPD) PCR for the identifi-
cation of yeasts isolated from dairy products. Letters 
in Applied Microbiology 30: 5-9.

Ayoub, M.-J., Legras, J.-L., Saliba, R. and Gail-
lardin, C. 2006: Application of Multi Locus Sequen-
ce Typing to the analysis of the biodiversity of indi-
genous Saccharomyces cerevisiae wine yeasts from 
Lebanon. Journal of Applied Microbiology 100: 699-
711.

Borneman, A. R., Desany, B. A., Riches, D., Af-
fourtit, J. P., Forgan, A. H., Pretorius, I. S. and 
Chambers, P. J. 2012: The genome sequence of the 
wine yeast VIN7 reveals an allotriploid hybrid geno-
me with Saccharomyces cerevisiae and Saccharomy-
ces kudriavzevii origins. FEMS Yeast Research 12 (1): 
88-96.

Borneman, A. R., Forgan, A. H., Kolouchova, R., 
Fraser, J. A. and Schmidt, S. A. 2016: Whole Ge-
nome Comparison Reveals High Level of Inbreeding 
and Strain Redundancy Across the Spectrum of Com-
mercial Wine Strains of Saccharomyces cerevisiae. G3 
Genes, Genomes, Genetics 6: 957-971. doi:10.1534/
g3.115.025692



MITTEILUNGEN KLOSTERNEUBURG  70(2020): 28-43                                                                        SILHAVY et. al         

---   41   ---

Howell, K. S., Bartowsky, E. J., Fleet, G. H. and 
Henschke, P. A. 2004: Microsatellite PCR profiling of 
Saccharomyces cerevisiae strains during wine fermen-
tation. Letters in Applied Microbiology 38: 315-320. 
doi:10.1111/j.1472-765X.2004.01486.x

Huey, B. and Hall, J. 1989: Hypervariable DNA Fin-
gerprinting in Escherichia coli: Minisatellite Probe from 
Bacteriophage M13. (A. S. Microbiology, Hrsg.) Journal 
of Bacteriology 171 (5): 2528-2532.

Köllner, S., Silhavy K. and Mandl K. 2010: Cha-
rakterisierung von Saccharomyces sp. und Zygoascus 
hellenicus durch Hxt primer. ALVA Tagungsband: 321-
323.

Lavallée, F., Salvas, Y., Lamy, S., Thomas, D. Y., De-
gré, R. and Dulau, L. 1994: PCR and DNA fingerprin-
ting used as quality control in the production of wine 
yeast strains. American Journal of Enology and Viticul-
ture 45 (1):  86-91.

Legras, J., Ruh, O., Merdinoglu, D. and Karst, F. 
2005: Selection of hypervariable microsatellite loci for 
the characterization of Saccharomyces cerevisiae strains. 
Int. J. Food Microbiol. 102: 73-83.

Legras, J.-L. and Karst, F. 2003: Optimisation of in-
terdelta analysis for Saccharomyces cerevisiae strain cha-
racterisation. FEMS Microbiology Letters 221: 249-255.

Legras, J.-L., Merdinoglu, D., Cornuet, J.-M. and 
Karst, F. 2007: Bread, beer and wine: Saccharomy-
ces cerevisiae diversity reflects human history. Mole-
cular Ecology, 16: 2091-2102. doi:10.1111/j.1365-
294X.2007.03266.x

Lesage, P. and Todeschini, A. L. 2005: Happy to-
gether: the life and times of Ty retrotransposons and 
their hosts. Cytogenetic and Genome Research 110: 70-
90. doi:10.1159/000084940

Libkind, D., Hittinger, C. T., Valério, E., Gonçal-
ves, C., Dover , J., Johnston, M. and Sampaio, J. P. 
2011: Microbe domestication and the identification of 
the wild genetic stock of lager-brewing yeast. PNAS, 108 
(35): 14539-14544.

Dunn, B., Levine, R. P. and Sherlock, G. 2005: 
Microarray karytyping of commercial wine yeast strains 
reveals shared, as well as unique, genomic signatures. 
BMC Genomics. doi:10.1186/1471-2164-6-53

Fernández-Espinar, M. T., Llopis, S., Querol, A. 
and Barrio, E. 2001: Molecular Identification and 
Characterization of Wine Yeasts. In Molecular Wine 
Microbiology, 111-141. Elsevier Inc. doi:10.1016/
B978-0-12-375021-1.10005-0 

Fernández-Espinar, M. T., López, V., Ramón, D., 
Bartra, E. and Querol, A. 2001: Study of the au-
thenticity of commercial wine yeast strains by molecular 
techniques. International Journal of Food Microbiology 
70: 1-10.

Field, D. and Wills, C. 1998: Abundant microsatellite 
polymorphism in Saccharomyces cerevisiae, and the dif-
ferent distributions of microsatellites in eight prokaryo-
tes and S.cerevisiae, result from strong mutation pressu-
res and a variety of selection forces. Proc. National Acad. 
Sci. 95: 1647-1652.

Gallego, F. J., Perez, M. A., Martinez, I. and Hi-
dalgo, P. 1998: Microsatellites obtained from database 
sequences are useful to characterize Saccharomyces cer-
evisiae strains. American Journal for Enology and Viti-
culture, 49 (3): 350-351.

González Techera, A., Jubany, S., Carrau, F. M. 
and Gagero, C. 2001: Differentation of industrial wine 
yeast strains using microsatellite markers. Letters Appl. 
Microbiol., 33 (1): 71-75.

Hammer, Ø., Harper, D. A. and Ryan, P. D. 2001: 
PAST: Paleontological statistics software package for 
education and data analysis. Palaeontologia Electronica, 
4 (1): 9pp

Hennequin, C., Thierry, A., Richard, G. F., Lecoin-
tre, G., Nguyen, N. V., Gaillardin, C. and Dujon, 
B. 2001: Microsatellie typing as a new tool for identifi-
cation of Saccharomyces cerevisiae strains. Journal of 
Clinical Microbiology, 39 (2): 551-559. doi:10.1128/
JCM.39.2.551-559.2001



MITTEILUNGEN KLOSTERNEUBURG  70(2020): 28-43  SILHAVY et. al

---   42  --

Lieckfeldt, E., Meyer, W. and Börner, T. 1993: Ra-
pid identification and differentation of yeasts by DNA 
and PCR fingerprinting. Journal of Basic Microbiology 
6: 413-426.

Liste der Weinbehandlungsmittel (2019)  
http://www.weinobstklosterneuburg.at/dienstleistun-
gen/weinbehandlungsmittel.html (11. 10. 2019)

Martínez , C., Cosgaya, P., Vásquez, C., Gac, S. 
and Ganga, A. 2007: High degree of correlation bet-
ween molecular polymorphism and geographic origin of 
wine yeast strains. Journal of Applied Microbiology 103: 
2185-2195.

Massoutier, C., Alexandre, H., Feuillat, M. and 
Charpentier, C. 1998: Isolation and characterization 
of cryotolerant Saccharomyces strains. Vitis 37 (1): 55-
59.

Ness, F., Lavellée, F., Dubourdieu, D., Aigle, M. and Du-
lau, L. 1993 : Identification of Yeast Strains Using the Po-
lymerase Chain Reaction. Journal of the Science of Food 
and Agriculture 62: 89-94.

Nguyen, H.-V. and Gaillardin, C. 2005: Evolutio-
nary relationships between the former species Saccha-
romyces uvarum and the hybrids Saccharomyces bay-
anus and Saccharomyces pastorianus; reinstatement of 
Saccharomyces uvarum (Beijerinck) as a distinct spe-
cies. FEMS Yeast Research 5: 471-483.

Nguyen, H.-V., Lepingle, A. and Gaillardin, C. 
2000: Molecular Typing Demonstrates Homogeneity of 
Saccharomyces uvarum Strains and Reveals the Existen-
ce of Hybrids between S.uvarum and S.cerevisisae, In-
cluding the S.bayanus Type Strain CBS 380. Systematic 
and Applied Microbiology 23 (1): 71-85.

Pavelescu, D., Mandl, K., Steidl, R., Blesl, X. and 
Spangl, B. 2005: The influence of yeasts on the aroma 
profile of Viennese Sauvignon blanc. Mitteilungen Klos-
terneuburg 65 (3): 157.

Pérez, M. A., Gallego, F. J., Martínez, I. and Hi-
dalgo, P. 2001: Detection, distribution and selection of 
microsatellites (SSRs) in the genome of the yeast Sac-

charomyces cerevisiae as molecular markers. Letters in 
Applied Microbiology 33: 461-466.

Pérez-Través, L., Lopes, C. A., Querol, A. and Bar-
rio, E. 2014: On the Complexity of the Saccharomyces 
bayanus Taxon: Hybridization and Potential Hybrid 
Speciation. PLoS One, 9 (4)

Salinas, F., Mandakovic, D., Urzua, U., Massera, 
A., Miras, S., Combina, M. and Martínez, C. 2010 : 
Genomic and phenotypic comparison between similar 
wine yeast strains of Saccharomyces cerevisiae from dif-
ferent geographic origins. Journal of Applied Microbio-
logy 108: 1850-1858.

Schuller, D., Valero, E., Dequin, S. and Casal, M. 
2004: Survey of molecular methods for the typing of 
wine yeast strains. FEMS Microbiology Letters 231: 19-
26. doi:10.1016/S0378-1097(03)00928-5

Silhavy, K., Berger, S., Mandl, K., Hack, R. and 
Regner, F. 2006: Microsatellite analysis of commerci-
al wine yeast strains. Mitteilungen Klosterneuburg 56: 
140-146.

Sipiczki, M. 2002: Taxonomic and physiological di-
versity of Saccharomyces bayanus. In M. Ciani (Hrsg.), 
Biodiversity and Biotechnology of Wine Yeasts, 53-69. 
Kerala, India: Research signpost.

Stadlwieser, P., Domig, K. J., Kögler, B., Kneifel, 
W., Silhavy, K. and Mandl, K. 2006: Biochemische 
und molekularbiologische Charakterisi1erung von 
Reinzuchthefen für die Weinbereitung. Mitteilungen 
Klosterneuburg 56: 213-223.

Stribny, J., Gamero, A., Pérez-Torrado, R. and 
Querol, A. 2015: Saccharomyces kudriazevii and Sac-
charomyces uvarum differ from Saccharomyces cerevisi-
ae during the production of aroma-active higer alcohols 
and acetate esters using their amino acidic precursors. 
International Journal of Food Microbiology, 205: 41-46. 
doi:10.1016/j.ijfoodmicro.2015.04.003

Suranská, H., Vránová, D. and Omelková, J. 2016: 
Isolation, identification and characterization of regional 
indigenous Saccharomyces cerevisiae strains. Brazilian 



MITTEILUNGEN KLOSTERNEUBURG  70(2020): 28-43                                                                        SILHAVY et. al         

---   43  ---

Journal of Microbiology 47: 181-190. doi:10.1016/j.
bjm.2015.11.010

Sweet, M. J., Scriven, L. A. and Singleton, I. 2012: 
Microsatellites for Microbiologists. In S. Sariaslani, & G. 
M. Gadd (Hrsg.), Advances in Applied Microbiology, 
169-207. Elsevier Inc.: Academic Press.

Urso, R., Rantsiou, K., Dolci, P., Rolle, L., Comi, G. 
and Cocolin, L. 2008: Yeast biodiversity and dynamics 
during sweet wine production as determined by molecu-
lar methods. FEMS Yeast Research 8: 1053-1062.

Valente, P., Gouveia, F. C., de Lemos, G. A., Pimen-
tel, D., van Elsas, J. D., Mendonca-Hagler, L. C. 
and Hagler, A. N. 1996: PCR amplification of the 
rDNA internal transcraibed spacer region for differen-
tation of Saccharomyces cultures. FEMS Microbiology 
Letters 137: 253-256.

Vaudano, E. and Garcia-Moruno, E. 2008: Discri-
mination of Saccharomyces cerevisiae wine strains using 
microsatellite multiplex PCR and band pattern analysis. 
Food Microbiology 25: 56-64.

Vaughan-Martini, A. and Martini, A. 1993: A 
Taxonomic Key for the Genus Saccharomyces. Syste-
matic and Applied Microbiology 16 (1): 113-119.

Webster, M. S. and Reichart, L. 2005: Use of micro-
satellites for parentage and kinship analyses in ani-
mals. Methods in Enzymology Volume 395: 222-238. 
doi:10.1016/S0076-6879(05)95014-3

Weising, K., Atkinson, R. G. and Gardner, R. C. 
1995: Genomic Fingerprinting by Microsatellite-primed 
PCR: A Critical Evaluation. PCR Methods and Applica-
tions 4 (5): 249-255.

White, T. J., Bruns, T., Lee, S. and Taylor, J. 1990: 
Amplification and direct sequencing of fungal ribosomal 
RNA genes for phylogenetics. In N. Innis, D. Gelfand, J. 
Sninsky, & T. J. White (Hrsg.), PCR Protocols: A Guide 
to Methods and Applications, 315-322 - London: Aca-
demic Press

Received December, 6th, 2019


