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Abstract: Wine quality is determined by the particular yeast strains prevailing at various stages
of fermentation. Therefore, the ability to make an easy, fast, and unambiguous discrimination of
yeasts at the strain level is of great importance. Here, the tandem repeat-tRNA (TRtRNA) method
with the 5GAC or ISSR-MB primer sets and random amplified polymorphic DNA (RAPD) analysis
with (GTG)3, R5, and RF2 oligonucleotides were tested on various non-Saccharomyces wine yeast
species. The TRtRNA-PCR employing ISSR-MB showed the highest capacity in discriminating
Lachancea thermotolerans and Metschnikowia pulcherrima isolates. RAPD with RF2 was the most
efficient method in resolving Starmerella bacillaris isolates, although it produced few polymorphic
bands. RAPD with R5 showed the highest capacity to discriminate among the Issatchenkia orientalis,
Hanseniaspora guilliermondii, and Pichia anomala isolates. RAPD with either R5 or RF2 exhibited the
highest ability to discriminate among the Torulaspora delbrueckii isolates. RAPD with (GTG)3 was the
most discriminating method for the H. uvarum isolates. Here we concluded that both TRtRNA-PCR
and RAPD-PCR offer rapid means for typing non-Saccharomyces species. However, each method
performs better for a given species when paired with a particular primer set. The present results can
be useful in wine research for the fast fingerprinting of non-Saccharomyces yeasts.

Keywords: non-Saccharomyces yeasts; wine fermentation; genotyping; molecular fingerprinting;
RAPD; TRtRNA

1. Introduction

Saccharomyces cerevisiae is the primary yeast species in winemaking. However, it is
a small minority among various non-Saccharomyces (NS) yeast populations that develop
on grape berries and are then transferred in the grape must [1]. NS yeasts, also known
as wild yeasts, include diverse species, most of which belong to the genera Hanseniaspora,
Candida, Lachancea, Metschnikowia, Pichia, Torulaspora, and Zygosaccharomyces [2,3]. Although
NS yeasts start the spontaneous alcoholic fermentation of grape must, most of these
populations start to decline thereafter and are almost undetectable at the end of the course,
either because they cannot tolerate ethanol or because they are unable to endure microbial
antagonism. Nevertheless, they are essential in the development of important metabolites
that determine the flavor and aroma of wines, greatly influencing the final character and
style of wine [4].

Different NS species, and even strains within a species, may provide various charac-
teristics to wines and thus modulate wine organoleptic profile and quality [5,6]. Therefore,
there is a growing interest in isolating and characterizing stains of NS species with par-
ticular features to be used as potential inocula in winemaking as part of mixed starter
formulations with S. cerevisiae [7]. Several NS strains have been considered, each contribut-
ing differentially to the alcoholic fermentation and the produced wine. For instance, some
NS strains produce various valuable enzymes (e.g., esterases, [3-glycosidases, lipases, and
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proteases) that liberate aromatic compounds from the respective odorless grape precur-
sors or may facilitate technological procedures [8]. Different yeast species or strains may
also confer to the quality of wines through the direct production of a variety of sensory
compounds. For instance, Starmerella bacillaris improves the analytical profile of wines by
increasing glycerol and succinic acid or total ester content and diminishing acetic acid and
higher alcohols [9,10]. Lachancea thermotolerans has been shown to improve wine quality by
increasing the levels of fruit-impair esters like ethyl decanoate, 3-methylbutyl octanoate,
and isoamyl hexanoate, or the terpenic compounds of wine [6]. Among other examples,
Torulaspora delbrueckii has been associated with reduced levels of volatile acidity compared
to the amounts formed by S. cerevisiae [11], while wines produced by co-inoculation of
Candida colliculosa and S. cerevisine were judged to be better than the respective reference
wines [12]. Taken together, accumulating data reveal significant intra-species genetic diver-
sity within non-Saccharomyces wine yeasts, corresponding to high phenotypic variation.
Consequently, the quality and sensory characteristics of wine are highly dependent on the
particular strain of yeast species that prevails during the alcoholic fermentation. Therefore,
the discrimination of yeasts at the strain level is of great importance in wine science and
the technology of winemaking.

Although there are several PCR-based fingerprinting methods for typing S. cerevisiae
strains, there are not so many available for different NS yeasts. The main limitation
has been the lack of sufficient genomic sequence data. Even though the whole genome
sequence is now available for several wild yeasts of enological importance, including
Hanseniaspora uvarum and Lachancea thermotolerans, the need for easy, fast, and low-cost
typing methods still exists. Here we applied and compared two different PCR-fingerprinting
methods, Random Amplified Polymorphic DNA (RAPD) and Tandem repeat-tRNA (TRtRNA),
which have been previously developed for typing specific NS species of enological im-
portance. The RAPD method has been widely applied in the genetic fingerprinting of
food yeast or bacterial isolates [13]. A single decamer oligonucleotide of random se-
quence was used to differentiate strains of Dekkera bruxellensis or Pichia guilliermondii [14],
Zygosaccharomyces bailii or Z. rouxii [15], H. uvarum [16,17], Brettanomyces bruxellensis, [18]
and Starmerella bacillaris (Candida zemplinina) [19]. The TRtRNA-PCR method was developed
by Barquet et al. [20] and was successfully applied to discriminate Metschnikowia pulcherrima
strains, suggesting that it might also be used to distinguish between strains of various
other NS species. The technique employs a single oligonucleotide targeting tandem repeats
randomly distributed across the genomes of all eukaryotic organisms combined with an
additional oligonucleotide based on a conserved tRNA region unique to ascomycetes. The
aim of this study was to test the efficiency of the above methods using different primer
sets to discriminate among the native vineyard isolates of different wild yeast species. The
data provided here may enable easier selection of the most effective, rapid, and affordable
molecular methods to type strains of various important NS species.

2. Materials and Methods
2.1. Yeast Strains

A total of 34 yeast strains belonging to the Culture Collection of the Institute of Tech-
nology of Agricultural Products (ITAP)—ELGO were analyzed in this study (Table S1). The
yeasts belonged to the species Hanseniaspora guilliermondii, H. uvarum, Issatchenkia orientalis,
Lachancea thermotolerans, Metschnikowia pulcherrima, Meyerozyma carribica, Pichia anomala,
Starmerella bacillaris, and Torulaspora delbrueckii. The yeasts were isolated from grapes or
fermenting musts originating from vineyards in the regions of Peza (Crete), Nemea (Pelo-
ponnese) and Athens, Greece. Yeasts were identified as previously described [21]. The
isolates included in the analysis were randomly selected, while those of the same region
were isolated from different vineyards.
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2.2. Cell Culture and Genomic DNA Extraction

The yeasts were grown overnight in YPD broth (1% yeast extract, 2% bacteriological
peptone, 2% glucose, pH 6.2) at 28 °C in a rotary shaker. The cells were collected by centrifu-
gation at 8000 g for 1 min and resuspended in a 300 puL breaking buffer (2% Triton X-100,
1% sodium dodecyl sulfate, 100 mM NaCl, 10 mM Tris, pH 8, 1 mM EDTA, pH 8) containing
0.3 g of 0.5-mm-diameter glass beads (Sigma). The cells were subjected to vortex mixing
(2 min) after adding 300 puL phenol-chloroform-isoamyl alcohol (25:24:1 [vol/vol/vol]).
Three hundred microliters of TE buffer (10 mM Tris, 1 mM EDTA, pH 7.6) was added,
and the mixture was centrifuged (12,000 x g, 10 min). The supernatant was mixed with
2.5 volumes of absolute ethanol (molecular biology grade), and DNA was precipitated by
centrifugation (12,000x g, 10 min), washed with 70% ethanol, and resuspended in water.

2.3. RAPD Analysis

For the molecular typing of non-Saccharomyces species, the RAPD analysis with (GTG)3
primer [22], R5 (5'-AACGCGCAAC-3') and RF2 (5'-CGGCCCCTGT-3') oligos according
to [23] was applied. PCR products were separated in 2% agarose gels. Standard molecular
size markers (100-bp ladder and 1-kb ladder; New England Biolabs) were used to estimate
the sizes of PCR-generated fragments. Bands were detected and molecular fingerprints
were analyzed using the Gel Doc XR+ System, controlled by the Image Lab Image Capture
and Analysis Software (Bio-Rad Laboratories).

2.4. TRtRNA Analysis

The tandem repeat-tRNA (TRtRNA) PCR method using the TtRNASc primer (5'-
GCTTCTATGGCCAAGTTG-3') combined with either 5GAC (5'-CAGCAGCAGCAGCAG-
3’) or ISSR-MB (5'-CTCACAACAACAACAACA-3') was applied as described previously [20].
The PCR products were separated in 2% agarose gels. A standard molecular size marker
(100-bp ladder; New England Biolabs) was used to estimate the sizes of the fragments.
Molecular fingerprints were analyzed as above.

3. Results

The TRtRNA-PCR method using the TtRNASc with either the 5GAC or the ISSR-
MB primer, and RAPDs using the primer (GTG)3, R5 or RF2 were applied to evaluate
their efficiency in discriminating strains of various non-Saccharomyces wine yeast species.
In particular, the yeasts included in the present comparative analysis belonged to the species
Hanseniaspora guilliermondii, H. uvarum, Issatchenkia orientalis, Lachancea thermotolerans,
Metschnikowia pulcherrima, Pichia anomala, Starmerella bacillaris, and Torulaspora delbrueckii. To
evaluate the discriminating effectiveness of the above PCR-based fingerprinting methods,
indigenous isolates originating from vineyards of diverse geographical regions of Greece
(Nemea-Peloponnese, Peza-Crete, and Athens-Attica) were included in the analysis. To
increase the confidence level of the selected PCR-generated fragments included in the
analysis, the bands were scored quite conservatively, excluding all weak bands or those that
were unclear for some genotypes in order to acquire unambiguous and reproducible data.

3.1. Genotyping Lachancea therotolerans

Four randomly selected native L. thermotolerans isolates, one from Nemea (isolate Lt
N2), two from Peza (isolates Lt P9 and Lt P14), and one from Athens (isolate Y-7) were
analyzed. The reference strain CECT 10387 was also included in the analysis. By using
RAPD with the primer (GTG)3, twelve bands were produced, ten of which (83%) were
polymorphic (Figure 1). This method discriminated between all individuals except for the
two isolates from Peza, which produced undistinguishable patterns.
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Figure 1. Representative agarose gel showing RAPD profiles generated with the primer (GTG)3.
M: 100 bp DNA marker; 1: S. bacillaris Sb N11; 2: S. bacillaris Sb P51; 3: S. bacillaris Y-14; 4: S. bacillaris
CECT 31235; 5: 1. orientalis Io P8; 6: I. orientalis Io P14; 7: I. orientalis Io N5; 8: 1. orientalis Y-6;
9: M. pulcherrima Mp P16; 10: M. pulcherrima MP11; 11: L. thermotolerans Lt P9; 12: L. thermotolerans
Lt N2; 13: L. thermotolerans Lt P14; 14: L. thermotolerans CECT 10387; 15: L. thermotolerans Y-7;
16: T. delbrueckii Td N16; 17: T. delbrueckii Td N13; 18: T. delbrueckii TO2; M: 1 kb DNA marker.

Similarly, RAPD analysis with either primer R5 or RF2 produced distinct banding
profiles for all isolates except P9 and P14 (Figure 2). Primer R5 generated 14 different total
bands, 6 of which (43%) were polymorphic. Primer RF2 produced fewer bands, but almost
all of them were polymorphic, i.e., seven polymorphic out of eight total (88%; Figure 2).

M 1 23 4 5 6 7 8 9 10 1112 13 14 1516 17 18 19 20 21 2223 24
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Figure 2. RAPD profiles generated with primers R5 (lanesl-2, 5-8 and 13-18) and RF2 (lanes
34, 9-12, and 14-19) M: 100 bp DNA marker; 1, 3: M. carribica Mc P17; 2, 4: M. carribica Mc
P21; 5, 9: M. pulcherrima Mp PL16; 6, 10: M. pulcherrima MP11; 7, 11: M. pulcherrima Mp N6;
8, 12: M. pulcherrima Mp N4; 13, 19: L. thermotolerans CECT 10387; 14, 20: L. thermotolerans Y-7;
15, 21: L. thermotolerans Lt P14; 16, 22: L. thermotolerans 10387; 17, 23: L. thermotolerans Lt N2; 18,
24: L. thermotolerans Lt P9.

On the other hand, the TRtRNA-PCR method produced a relatively higher number of
bands (Figure 3). In more detail, the use of primer ISSR-MB produced 19 bands, 13 of them
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being polymorphic (68%), while 5CAG generated 17 bands, with 8 polymorphic (47%).
Notably, the analysis with TRtRNA-PCR discriminated between all individuals.
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Figure 3. TRtRNA-PCR banding profiles generated with the primer pair sets ISSR-MB/TtRNASc
(lanes 1-6) and 5CAG/TtRNASc (lanes 7-12). M: 100 bp DNA marker; 1, 7: L. thermotolerans CECT
10387; 2,8: L. thermotolerans Y-7; 3, 9: L. thermotolerans Lt P14; 4, 10: L. thermotolerans CECT 10387; 5,
11: L. thermotolerans Lt N2; 6, 12: L. thermotolerans Lt P9.

3.2. Genotyping Starmerella bacillaris

Three indigenous S. bacillaris isolates, i.e., isolates Sb N11 from Nemea, Sb P51 from
Peza and Y-14 from Athens, and the reference strain CECT 31235 were included in the
analysis. Seven total bands were generated by TRtRNA-PCR with the primer ISSR-MB,
5 of which (71%) were polymorphic (Figure 4). This particular method/primer set could
not discriminate among the native isolates, which all produced the same pattern, but
could differentiate between isolates and the reference strain (CECT 31235). Similarly, the
TRtRNA-PCR method with the primer ISSR-MB produced a distinct pattern for strain
CECT 31235, while the native isolates generated undistinguishable fingerprints. A total of
11 bands were scored, all of which were polymorphic.

M 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 M

Figure 4. TRtRNA-PCR banding profiles generated with the primer pair ISSR-MB/TtRNASc (lanes
1-4, 9-12, 17, 19-20, and 23-24) and 5CAG/TtRNASc (lanes 5-8, 13-16, 18, 21-22, and 25-26).
M: 100 bp DNA marker; 1, 5: S. bacillaris Sb N11; 2,6: S. bacillaris Sb P51; 3, 7: S. bacillaris Y-14; 4,
8: S. bacillaris CECT 31235; 9, 13: I. orientalis Io P8; 10, 14: I. orientalis Io P14; 11, 15: . orientalis Io N5;
12, 16: I. orientalis Y-6; 17-18: H. osmophila Ho N15; 19, 21: P. anomala Pa P9; 20, 22: P. anomala Pa P12;
23, 25: M. carribica Mc P17; 24, 26: M. carribica McP21.
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Similar to the TRtRNA-PCR method, the RAPD analysis with primer R5 produced
a single pattern for all the indigenous isolates, while a distinct profile for the reference
strain was generated (Figure 5). Eleven total bands were detected, 4 of which were poly-
morphic (36%).

M 1 23 4 5 6 7891011 1213141516171819202122 232425

Figure 5. RAPD banding profiles generated with primers R5 (lanes 1-5, 11-14, 19-21, 25-27, 31-33,
and 37-38) and RF2 (lanes 6-10,15-18, 22-24, 28-30, 34-36, and 39-40). M: 100 bp DNA marker;
1, 6: S. bacillaris Sb N11; 2, 7: S. bacillaris Sb P51; 3, 8: S. bacillaris Y-14; 4, 9: S. bacillaris Sb P13; 5,
10: S. bacillaris CECT 31235; 11, 15: 1. orientalis Io P8; 12, 16: L. orientalis Io P14; 13, 17: I. orientalis Io N5; 14,
18: I. orientalis Y-6; 19, 22: T. delbrueckii Td N6; 20, 23: T. delbrueckii Td N13; 21, 24: T. delbrueckii TO2.

The RAPD analysis with primer (GTG)3 exhibited a higher discriminating capacity,
as it produced distinct patterns for all the different isolates (Figure 1). The method could
also differentiate between native isolates and the reference strain, generating a total of
10 bands, 5 of which were polymorphic (50%). Finally, RAPD with the primer RF2 could
differentiate among isolates and strain CECT 31235 (Figure 5). Although the number of
bands generated was smaller (7 bands) than those obtained with the primer (GTG)3, the
number of polymorphic bands (6 bands, 86%) was somewhat higher. Taken together, all
the methods applied clearly discriminated native yeasts from the reference strain, revealing
higher similar banding patterns among the indigenous isolates than with the reference
S. bacillaris. Among the methods tested, the RAPD analysis with primer RF2 was the most
efficient in resolving among native isolates, despite the fact that it produced a relatively
low number of polymorphic bands.

3.3. Genotyping Metschnikowia pulcherrima

Three native M. pulcherrima isolates, Mp N4 and Mp N6 from the Nemea region and
Mp P16 from the Peza region, were included in the analysis. The strain M. pulcherrima
SIGMO MP11 was also included in the analysis as reference. All the methods could
differentiate among all the isolates examined. The TRtRNA-PCR method produced a
higher number of bands using the primer ISSR-MB, i.e., 12 polymorphic out of 15 total
bands (80%), than the primer 5CAG and 12 total bands vs. 9 polymorphic bands (75%)
(Figure 6).
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Figure 6. TRtRNA-PCR profiles generated with the primer pair ISSR-MB/TtRNASc (lanes 14,
9-11, 15-17, and 21-23) and 5CAG/TtRNASc (lanes 5-8, 12-14, 18-20, and 24-26). M: 100 bp DNA
marker; 1, 5: M. pulcherrima Mp P16; 2,6: M. pulcherrima Mp N4; 3, 7: M. pulcherrima Mp NG6; 4,
8: M. pulcherrima MP11; 9, 12: H. uvarum Hu P12; 10, 13: H. uvarum Hu N10; 11, 14: H. uvarum
CECT10389; 15, 18: H. guilliermondii Y-9; 16, 19: H. guilliermondii Hg N8; 17, 20: H. guilliermondii Hg
N3; 21, 24: T. delbrueckii Td N6; 22, 25: T. delbrueckii Td N13; 23, 26: T. delbrueckii TO2.

The number of total and polymorphic bands generated by RAPD analysis was 11 and
9 (82%) with primer R5 (Figure 2), 9 and 8 (89%) with primer RF2 (Figure 2), and 7 and
5 (71%) with primer (GTG)3 (Figures 6 and 7), respectively.

M 1 2 3 45 6 7 8 910 1112 13 M

Figure 7. RAPD profiles generated with primers (GTG)3. M: 1 kb DNA marker; 1: P. anomala
Pa P9; 2: Pichia sp. P P22; 3: P. anomala Pa P12; 4: M. pulcherrima Mp N6; 5: M. pulcherrima Mp
N4; 6: M. carribica Mc P17; 7: M. carribica Mc P21; 8: H. osmophila Ho N15; 9: H. uvarum Hu P12;
10: H. uvarum Hu N10; 11: H. uvarum CECT 10389; 12: H. guilliermondii Hg N3; 13: H. guilliermondii
Hg N8; M: 100 bp DNA marker.
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3.4. Genotyping Issatchenkia orientalis

Four native L. orientalis isolates, two originating from Peza (Io P8 and Io P14), one from
Nemea (Io N5) and one from Athens (Y-6), were examined. The TRtRNA-PCR with either
the primer ISSR-MB or 5CAG generated highly similar banding patterns for isolates from
Peza and Nemea, differentiating them from the isolate Y-6 from Athens (Figure 4). Nine
total and 5 polymorphic bands (56%) were generated by applying the ISSR-MB primer,
while 8 total and 6 polymorphic bands (75%) were produced by the primer 5CAG. When
the RAPD analysis with primer RF2 was applied, a lower number of total bands were
generated, i.e., 6 total and 5 polymorphic bands (83%), respectively (Figure 5). RAPD
analysis with either the primer (GTG)3 or R5 further discriminated between isolate Io P8
and Io P14 or Io N5. Nine (6 polymorphic) bands (67%) were produced with primer (GTG)3
(Figure 1) and 12 (8 polymorphic) bands (67%) with primer R5 (Figure 5). The above results
show that the RAPD analysis with either the primer (GTG)3 or R5 exhibit a higher capacity
in discriminating between native isolates belonging to I. orientalis than the TRtRNA-PCR
method or RAPDs with primer RF2. Comparing between the two methods, the use of RS
produced a higher number of both total and polymorphic bands than (GTG)3; therefore, it
could be considered as a method of choice for the genotyping of I. orientalis isolates.

3.5. Genotyping Torulaspora delbrueckii

Two indigenous T. delbrueckii isolates from the Nemea region (Td N13 and Td N16)
and one reference strain (TO2) were used in this study. The RAPD analysis with primer
(GTG)3 produced 6 bands, with 2 of them being polymorphic (33%) and 4 bands being
common for all individuals (Figure 1). This method differentiated between the native
isolates and the reference strain, while Td N13 and Td N16 produced undistinguishable
profiles. Similar banding patterns were observed when either primer R5 or RF2 was applied
(Figure 5). However, a higher number of total and polymorphic bands was observed
with the primer R5 than with the primer RF2, i.e., 16 and 4 (25%) vs. 13 and 7 (54%),
respectively. The TRtRNA-PCR method by either the primer ISSR-MB or 5CAG showed a
lower capacity to discriminate among T. delbrueckii isolates than the RAPD analysis, as it
could not differentiate between the native isolates and the reference strain. As shown in
Figure 6, although an adequate number of bands was generated, i.e., eight bands by primer
ISSR-MB and twelve by primer 5CAG, none of them was polymorphic.

3.6. Genotyping Hanseniaspora spp.

Two native H. uvarum isolates, Hu P12 from Peza and Hu N10 from Nemea, and one
reference strain (CECT 10389) were tested. The TRtRNA-PCR method with the primer
5CAG produced 7 bands, all of which were monomorphic, so that it could not discriminate
between individuals (Figure 6). When the ISSR-MB primer was employed in TRtRNA-PCR,
6 bands were generated with 2 of them being polymorphic, which were able to discriminate
between the native H. uvarum isolates and the reference strain CECT 10389 (Figure 6). The
RAPD analysis with primer RF2 produced only two monomorphic bands, so that they
could not discriminate among individuals (Figure 8). By the use of R5, 7 bands were
generated with 2 being polymorphic (29%; Figure 8). Native isolates were differentiated
from the strain CECT 10389 by this method. Similar results were achieved by the use of
(GTG)3. However, a higher number of total (13) and polymorphic (3) bands were produced
by this method/primer (Figure 7).

Two native H. guilliermondii isolates from Nemea (Hg N3 and Hg N8) and one iso-
late from Athens (Y-9) were included in the analysis. TRtRNA-PCR with the primer
5CAG generated a total of 9 bands, 7 of which were polymorphic (Figure 6). While this
method/primer differentiated between strain Y-9 and Nemea isolates, it could not discrimi-
nate between Hg N3 and Hg N8. Although the ISSR-MB primer produced a lower number
of total (6) and polymorphic (4) bands compared to 5CAG, it differentiated among all three
strains (Figure 6). The RAPD analysis with primer (GTG)3 produced five bands, all of
which were monomorphic (Figure 7). The RAPD analysis with either the primer R5 or RF2
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discriminated between all the isolates. Eight polymorphic bands were generated by primer
REF2 (Figure 8). Primer R5 produced the highest number of total and polymorphic bands
(11 and 10, respectively) (Figure 8).

M 12 3 45 6 7 8 9 1011 12 13 14 15 16

Figure 8. RAPD profiles generated with primers R5 (lanes 1-3, 7-9, and 13-14) and RF2 (lanes
4-6, 10-12, and 15-16). M: 100 bp DNA marker; 1, 4: H. uvarum Hu P12; 2, 5: H. uvarum Hu
N10; 3, 6: H. uvarum CECT10389; 7, 10: H. guilliermondii Y-9; 8, 11: H. guilliermondii Hg N3; 9,
12: H. guilliermondii Hg N8; 13, 15: P. anomala Pa P9; 14, 16: P. anomala Pa P12.

3.7. Genotyping Pichia anonala

P. anomala isolates from Peza, i.e., Pa P9 and Pa P12, were included in the analysis. The
TRtRNA-PCR method with the primer 5CAG and ISSR-MB generated 6 and 9 monomorphic
bands (Figure 4). Similarly, the RAPD analysis with the primer (GTG)3 (Figure 7) and RF2
(Figure 8) produced 6 and 4 monomorphic bands, respectively. Only the RAPD analysis
with the primer R5 resolved between Pa P9 and Pa P12 P. anomala isolates (Figure 8).
Thirteen total and four polymorphic bands were generated by this method.

Finally, the Meyerozyma caribbica isolates from Peza region (Mc P17 and Mc P21) were
undistinguishable by all the methods tested (Figures 2, 4 and 7). The RAPD analysis with
primer (GTG)3 produced the highest number of monomorphic bands.

4. Discussion

The organoleptic profile and quality of wine is affected by the presence of different
non-Saccharomyces (NS) species or strains [5,6]. Thus, it is of utmost relevance to wine-
making to have the ability to easily, quickly, and unambiguously discriminate between
yeasts at the strain level. Still, there is a limited, if any, range of available PCR-based
fingerprinting approaches for discriminating NS species, compared to S. cerevisiae. While
whole genome sequences for several enologically important wild yeasts like H. uvarum
and L. thermotolerans are now available, rapid and inexpensive typing techniques are still
needed. Here, we utilized and compared two previously developed PCR-fingerprinting
approaches, Random Amplified Polymorphic DNA (RAPD) and Tandem repeat-tRNA
(TRtRNA), for discriminating yeasts of the species H. guilliermondii, H. woarum, I. orientalis,
L. thermotolerans, M. pulcherrima, P. anomala, S. bacillaris, and T. delbrueckii. These species
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are among the most frequent and important non-Saccharomyces yeasts residing on grape
berries, as has been documented previously [4,21].

M. pulcherrima is one of the most abundant yeast species in fresh grape must. It
has interesting technological properties, such as the production of enzymes that liberate
aromatic precursors, and various metabolites such as esters that improve wine quality [24].
The TRtRNA-PCR technique described by Barquet et al. [20] was successfully utilized to
identify M. pulcherrima strains. RAPD with (GTG)3 was also successfully applied previously
to differentiate between M. pulcherrima isolates [22]. In the present study, TRtRNA-PCR
showed the best discriminatory capacity among the methods examined for discriminating
M. pulcherrima isolates. The primer ISSR-MB produced a higher number of polymorphic
bands than primer 5CAG, as wasalso observed previously [20].

H. uvarum, the most common wine yeast on grapes and at the early stages of must
fermentation, was considered undesirable in winemaking because it often produces high
amounts of ethyl acetate [6,25]. However, more recent studies have shown that certain
strains may be beneficial to the organoleptic character of wine by improving the aroma
profile [26]. Therefore, an appropriate method for fast efficient fingerprinting is of high
importance. The TRtRNA-PCR technique has been previously proposed for differentiating
H. uvarum isolates [20]. RAPD analysis with primer P80 was also applied to discriminate
H. uvarum strains [16]. However, when primer (GTG)5 was used, H. uvarum isolates could
not be differentiated [27]. Here, the RAPD analysis with primer (GTG)3 was the most
discriminating method for genotyping H. uvarum isolates.

Previous studies have revealed that certain strains of L. thermotolerans exhibit a range
of advantageous enological characteristics, such as the production of glycerol and 2-
phenylethanol [28,29] or the ability to produce particularly high levels of lactic acid [5,30].
Therefore, L. thermotolerans was included in the present study, since discriminating and typ-
ing of different strains could be beneficial for the wine industry and for research purposes.
Taken together, the TRtRNA-PCR method showed a higher capacity in discriminating
L. thermotolerans isolates compared to RAPDs. Between the two primer pairs applied in
TRtRNA-PCR, the use of ISSR-MB generated the highest number of total and polymorphic
bands; therefore, it is suggested as more appropriate for rapid and efficient genotyping
of L. thermotolerans. This method was found to produce sufficient polymorphic bands to
discriminate L. thermotolerans isolates from grape must [30].

Torulaspora delbrueckii is the most common non-Saccharomyces yeast employed in wine-
making to improve quality characteristics, including the aroma profile [31]. As in most
non-Saccharomyces vineyard populations, there is a high degree of genetic and phenotypic
variation within the species, which may explain how different strains have diverse effects
on wine quality [31,32]. In a previous study, RAPD-PCR with the M13 primer provided the
best discrimination of T. delbrueckii strains compared to other RAPD primers (M14, Coc,
OPA02, and OPAQ9) or PCR fingerprinting with the primers (GTG)5 and (GAC)5 [33]. Simi-
lar results were observed by Canonico et al. [34]. Here, the RAPD analysis with either the
primer R5 or RF2 exhibited the highest ability to discriminate between T. delbrueckii isolates,
superior to that of TRtRNA-PCR or fingerprinting with (GTG)3. Previously, the RAPD
primers R5 and RF2 were used in combination by Tofalo et al. [19] to differentiate among
S. bacillaris strains from grapes and wine of Italian origin, showing high discrimination
power. By contrast, Pfliegler et al. [35], using the primer RF2 to discriminate S. bacillaris
isolates from grapes, must, and wine of diverse geographical origin across Europe, noted
that it produced relatively few polymorphic bands, pointing out that it may not be suitable
for genetic diversity studies. In the present study, although the RAPD analysis with primer
RF2 was the most efficient in resolving among S. bacillaris isolates, it produced a relatively
low number of polymorphic bands, coinciding with the results of Pfliegler et al. [35].

5. Conclusions

Taken together, the TRIRNA-PCR using either the primer set TtRNASc or ISSR-MB
and RAPDs with primer (GTG)3, R5, or RF2 were found to be adequate for typing the non-
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Saccharomyces yeast species analyzed in this study. However, different methods/primer sets
revealed considerable variations in analyzing and discriminating individuals of different
species. The TRERNA-PCR method with the primer ISSR-MB showed the highest capacity
in discriminating L. thermotolerans or M. pulcherrima isolates. The RAPD analysis with
primer RF2 was the most efficient in resolving among S. bacillaris isolates. The RAPD
analysis with R5 showed the highest capacity among all the methods tested to discriminate
between of I. orientalis, H. guilliermondii, and P. anomala isolates. The RAPD analysis
with either the primer R5 or RF2 exhibited the highest ability to discriminate between
T. delbrueckii isolates. The RAPD analysis with (GTG)3 was the most discriminating method
for H. uvarum isolates. The present results could serve as a general guideline for choosing
the most appropriate method of those compared here coupled with the best primer set for
a particular non-Saccharomyces wine yeast.
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