Highlights

* We study yeast ‘cultivable’ biodiversity from grap® wine in “Uva di Troia” (UdT).
* UdT is an Apulian autochthonous variety preserseiveral regional wines.

* ltis the first ‘grape to wine’ study on yeastsnr&@outhern Italian production.

* We report and discuss the variation of yeast dityeirs two geographical sites.

» We suggest the need of local based formulatiomd®ochthonous starter cultures.
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Abstract

The aim of this work was to study the biodiver@ifyyeasts isolated from the autochthonous grape
variety called “Uva di Troia”, monitoring the naslidiversity from the grape berries to wine during
a vintage. Grapes were collected in vineyards frimo different geographical areas and
spontaneous alcoholic fermentations were perfornafferent restriction profiles of ITS-5.8S
rDNA region, corresponding t8accharomyces cerevisiae, Issatchenkia orientletschnikowia
pulcherrima, Hanseniaspora uvarum, Candida zempdinilssatchenkia terricola, Kluyveromyces
thermotolerans, Torulaspora delbrueckii, Metschmik@ chrysoperlae, Pichia fermentans,
Hanseniaspora opuntiaand Hanseniaspora guilliermondiwere observed. The yeast occurrences
varied significantly from both grape berries andpg juices, depending on the sampling location.
Furthermore, samples collected at the end of alaHermentation (AF) revealed the great
predominance o$accharomyces cerevisjagith a high intraspecific biodiversity. This iset first
report on the population dynamics of ‘cultivableicnobiota diversity of “Uva di Troia” cultivar
from the grape to the corresponding wine (“Nerdhia”), and more general for Southern Italian
oenological productions, allowing us to provide thesis for an improved management of wine
yeasts (with both noSaccharomyceandSaccharomycegdor the production of typical wines with
desired unique trait& certain geographical-dependent variability hasrbeeported, suggesting the
need of local based formulation for autochthondastex cultures, especially in the proportion of

the different species/strains in the design of whixecrobial preparations.

Keywords yeast; wine; biodiversity; noBaccharomycesutochthonous starter cultures
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1. Introduction

The indigenous microbiota is very important in wiraking process, in reason of the possible
positive or negative effects on wine quality. Intpaular, yeasts are essential for the carryingadut
the alcoholic fermentation (AF), promoting the sBitmation of grape sugars into ethanol, carbon
dioxide and hundreds of other metabolites (Ronmetred 2003a). Starter cultures based on selected
strains ofSaccharomyces cerevisiage usually added by oenologists to control thenéamtative
process, in order to dominate yeasts belongindpeovineyard environment, winery facilities and
cellar equipment. The International OrganizationMaie and Wine (OIV) affirmed thaterroir
refers to ‘an area in which collective knowledgehad interactions between the identifiable physical
and biological environments and applied viticultwed oenological practices develops, giving
distinctive characteristics for the products orgging from this area’ (International Organizatidn o
Vine and Wine 2010). The definition ofétroir” represents the foundation of the Appellation of
Origin, with impact on the wine market and consumigoices. It has been demonstrated that the
non-Saccharomycegyeasts contribute to wine qualities (Ciani et 2010; Jolly et al. 2014).
Different studies have highlighted the importaréerof the microbiota associated with trertoir”
from which the grapes are grown, able to imparhmuwe quality to the wine (e.g. Csoma et al.
2010; Di Maio et al. 2012). In the grape/wine eariment, Bokulich et al. (2014) have studied the
“microbial terroir” and theyshowed the existence of a close relationship betwaéerobial
patterns, region of production and climate. Onaheve basis, an increasing number of scientific
investigations have focused the attention on thkivable micro-biodiversity connected with
spontaneous fermentation, in order to select imaige strains, displaying positive technological
properties and quality traits, for their applicatio industrial fermentations (e.g. in Apulian regi
Cappello et al., 2008; Capozzi et al 2010; 2012ecar et al. 2011; Tristezza et al. 2012, 2013,

2014; Garofalo et al. 2015).
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During the spontaneous fermentation process, andigseof different yeast species occur: the non-
Saccharomyces yeasts (mainly belonging Hanseniasporé&loeckera Candidg Pichia,
ZygosaccharomycgsSchizosaccharomycesTlorulaspora Kluyveromycesand Metschnikowia
generg dominate the beginning of AF and then they aptaied bySaccharomyces cerevisideat
complete sugars conversion in ethylic alcohol (Fl2@08; Ciani et al. 2010; Jolly et al. 2014).

The selection of noSaccharomyces very important for the preparation of new sactultures,
since they are able to produce several secondanp@ands that can have a positive influence on
the quality of the wine (Fleet 2008; Ciani et d@10; Bely et al. 2008; De Benedictis et al., 2011).
In fact, nonSaccharomycespecies may also have an application to improgenine technological
proprieties and to enhance the unique sensoriditiggaof typical productions (Fleet 2008; Ciani et
al. 2010; Bely et al. 2008; De Benedictis et all2). NonSaccharomycesan also be used as
agents for the biological control of moulds or $pgeé microorganism, such as lactic acid bacteria
or Brettanomyces bruxellengi€apozzi et al. 2015; Oro et al. 2014). Howeven-8accharomyces
utilization is also associate with such as produrctdf biogenic amines, off-flavors (acetic acid,
esters, acetaldehydes,3J and with competition for the nutrients availapilwith S. cerevisiae
strains able to complete AF (Capozzi et al. 2015).

Even though, several studies had been alreadyrpetbin order to characterized autochthonous
microbes from Apulian wines (Capozzi et al 20101 20Grieco et al., 2011; Tristezza et al., 2012,
2013, 2014; Garofalo et al 2015), the aim of thegskwvas to study, for the first time in a Southern
Italian wine, the biodiversity of ‘cultivable’ yetssisolated from the grapes (“Uva di Troia”, an
autochthonous regional variety common denominataeweral wines produced in North-Apulian

region) up to corresponding wines (so called “Ndirdroia”).

2. Material and methods
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2.1 Yeast isolation from grape berries, musts and iwes

Grape berries were directly collected in the vimdyaith the aim to avoid contamination yeast the
commercial culture strains used in the cellar. theryeast isolation, 1.00 Kg of grape berries were
collected aseptically in North Apulia area from twimeyards (Lucera and Ascoli Satriano areas,
see Figure 1) (18° Babo, 0.25 g/L total acidity/¥4 malic acid, pH 3.8, free ammonium 165 mg/L
and 17° Babo, 0.3 ¢g/L total acidity, 3.6 g/L mahcid, pH 3.8 free ammonium 155 mg/L,
respectively for Lucera and Ascoli Satriano ardde grape were pressed for 20 minutes using a
Bag Mixef® (Interscience, France), then spontaneous fernientef grape juices were carried out
in laboratory at 28 °C temperature and monitoregl dvmonth. Yeast sampling were accomplished
at different stages, first from grape berries stefathen during alcoholic fermentation, at the
beginning and at the end of fermentation, whichenggtermined on the basis of alcohol content,
about 1%, at the beginning of AF, and 9%, in tihhalfphases of AF. Yeast from grape surface were
isolated according to method of Prakitchaiwattainal.e(2004), Fifty grams of berries were rinsed
in 450 ml of 0.1% peptone water with 0.01% Tweerb8®rbital shaking in a flask at 150 rpm for
30 min. Aliquots of 0.1ml from serially diluted safas in physiological solution were plated either
on Wallerstein Laboratory (WL) and on nutrient ag@xoid, USA) and Lysine medium (Oxoid,
USA), both added with 10 mg/L chloramphenicol, thespectively allowed the isolation and
identification of nonSaccharomyceand Saccharomycespecies. Selection of n@accharomyces
isolates were chosen on the basis of their diftetetony morphology, whereas tBaccharomyces

strains were isolated randomly.

2.2 RFLP analysis and sequencing of 5.8S rRNA gerand the two ribosomal internal
transcribed region
The RFLP analysis of 5.8S rRNA gene and the twosadinal internal transcribed spacer was

performed according to method of Esteve-Zarzosal.e{1999), with some modifications. The
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Amplification reaction were performed using PCRctem mix containing 0.5 pM of each primer
(ITS1 and ITS4), 200 uM dNTP, buffer 10X, soluti@nand 1.25 unit Tag DNA Polymerase (Taq
PCR Core; Qiagen, USA). PCR was performed in ambeycler (I-Cycler, Bio-Rad), using the
following program: initial denaturation at 95 °Cr b0 min, followed by 35 cycles of denaturing at
94 °C for 1 min, annealing at 55.5 °C for 2 min amdension at 72 °C for 2 min; and a final
extension at 72 °C for 10 min, then samples wersexwed at 4 °C. Amplification products were
previously analysed on 2% agarose gels, with 1x BBfer and stained with ethidium bromide.
After electrophoresis, gels were visualized und&f light and photographed (Versa Doc, BIO-
RAD). Sizes were estimated by comparison agail¥tlA length standard (50 bp ladder; Promega,
USA) with Quantity One Software (Bio-Rad, USA). Th®CR products were digested without
further purification with the fast restriction emdaleaseddaelll, Hhal, Hinfl and Ddel (Thermo
Scientific, USA), following the manufacture’s ingttion. The restriction fragments were separated
on 3% agarose gel with 1X TBE buffer and stainethvethidium bromide. For each sampling
point, two PCR products obtained with primers ITI$$4 for each obtained pattern were randomly

selected and sequenced (PRIMM, Italy) to confirmagpecie assignment.

2.3 Genetic characterization ofSaccharomyces cerevisiae strains

The genetic variability 08. cerevisiagsolates was evaluated by amplificatiorbakgion, using the
primersdl12 (5'TCAACAATGGAATCCCAACSI) andd21 (5'-CATCTTAACACCGTATATGA-3)
(Legras and Karst 2003). The protocol describedChpece et al. (2012) was adopted with some
modifications. The amplification 0 region was performed directly from the colony,ngsia
reaction mix containing 1 uM primer8lQ ands21) and 1.5 unit of Tag DNA Polymerase (Qiagen,
USA). The PCR conditions were the following: inlitdenaturation at 97° C for 10 min, then
reaction mixture was cycled 35 times with 30 s deradion at 94° C, 1 min primer annealing at 42°

C and 2 min primer extension at 72° C, followedab¥%0-min final extension step at 72° C. After
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electrophoresis gel were visualized under UV ligitanned with (Versadoc System; Bio-Rad,
USA) and analysed by using the FP Quest TM softw&ieRad, USA). The electrophoresis

patterns were grouped, and analysed for the sityiland cophenetic correlations through the Dice
coefficient. Cluster analysis was performed usheunweighted pair group method with arithmetic
mean (UPGMA). Cophenetic correlation was the meastihow faithfully the tree represents the

dissimilarities among observations.

2.4 Statistical analyses

Molecular data has been analyzed by One-way ANOVikey test (P < 0.005). Ecological
indices, such as the Shannon-Wiener index of gerdwvarsity (H), the richness (S) of the
microbial community, Simpson's diversity indices @nd 1-D) and Evenness (e"H/S) were
calculated according to Tristezza et @013. All statistical analyses were performechgdpPast,

version 3.05 (Hammer et al. 2001).

3. Results

3.1 Yeast species identification from grape berries

Samples were collected from two different vineyalaisated in north Apulia regionFigure 1)
during vintage 2012. A total of 136 colonies weselated from grape berries of Uva di Troia
variety and subjected to a PCR-RFLP analysis ofSl8SITS rDNA region. The yeast species
identified and the isolation frequencies obtaineglsihown inTable 1. The PCR products, showing
variations in length ranging from 400 to 880 bprevdigested witlHhal (Cfol), Hadll, Hinfl and
Ddd enzymes. The produced fragments were compareld thibse described previously in
literature (Esteve-Zarzoso et al. 1999). In geneval observed 12 different restriction profiles of

ITS-5.8S rDNA region, corresponding t®accharomyces cerevisiae, Issatchenkia orientalis,
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175  Metschnikowia pulcherrima, Hanseniaspora uvarumndida zemplinina, Issatchenkia terricola,
176  Kluyveromyces thermotolerans, Torulaspora delbrigdWetschnikowia chrysoperlae, Pichia
177  fermentans, Hanseniaspora opuntiaad Hanseniaspora guilliermondiiTable 1). Two ITS

178  fragments for each obtained pattern were randoellgcted and sequenced and the obtained data
179 were compared with sequences available at the NizBabase (GenBank) using the standard
180 nucleotide_nucleotide homology search Basic Locdigmnent Search Tool (BLAST,

181  http://www.ncbi.nlm.nih.gov/BLAST (corresponding gene accession numbers are repante

182 Table 1). Several yeast specigsch asM. pulcherrima C. zemplinina H. guilliermondii H.
183  uvarumandl. terricola represented a common denominator of the two viusystudied (Table 1).
184  The Figure S1 reportes the frequencies of strains identifiednfrgrape berries from the two
185  different vineyards, during vintage 2012.

186  Among the norSaccharomycesharacterized in this study, the most abundant rgeae berries
187  surface werdHanseniasporgaboutH. uvarum22%, H. guilliermondii 13%, andH. opuntiael%)
188  andMetschnikowig35%, M. pulcherrima34% and\. chrysoperlael%) (Figure S1). The analysis
189  of nonSaccharomycediversity in the two different areas revealed @agjvariability, showing, in
190 several cases, statistically significant differen@among locations (Figure SI1S. cerevisiae, K.
191 thermotolerans, T. delbrueckii, M. chrysoperlae fétmentans, I. orientalis and H. opuntiagre
192  isolated only from grape berries collected from énac(respectively 5, 7, 1, 1, 3, 1, and 1 ¢b).
193  guilliermondii was isolated only from Ascoli Satriano (about 268ainples. The frequency Mf.
194  pulcherrimashowed differences between Lucera (42%) and AsRalfiano (28%) vineyard$i.
195 uvarum ecotypes have been isolated with higher frequdnmy Ascoli Satriano (about 36%),
196 rather than in Lucera vineyards (only 7%) zemplininaandl. terricola frequency did not show
197  significant changes (respectively about 10 and 2%).

198

199 3.2 Yeast species identification from fermenting @pe juice



200 A total of 133 colonies were isolated from grapieguat the beginning of alcoholic fermentation
201  (about 1% EtOH) and subjected to a PCR-RFLP amalysithe 5.8SITS rDNA region as above
202  described. In general, we observed 11 differentriction profiles of ITS-5.8 S rDNA region,
203  corresponding t&. cerevisiae, |. orientalis, M. pulcherrima, Hamm, C. zemplinina, 1. terricola,
204 K. thermotolerans, T. delbrueckii, P. fermentansopuntiaeandH. guilliermondii (Table 2). The
205 differences in yeast frequency and diversity higifitied in the two locations studied might also be
206 addressable to dissimilarities in composition (dafzorted in material and method section, 2.1), in
207 fact grape juice obtained from grape collected urcdra area showed higher sugars and free
208 ammonium contents. As described above, two ITSnfeags for each obtained pattern were
209 randomly chosen, sequenced and subjected to cotiveaamalysis to confirm species assignation
210 (Table 2). Several yeast species sucls aserevisiaeM. pulcherrima C. zemplininaH. uvarum
211 and|. terricola represented a common denominator between theesdtudineyards Otherwise,
212 some species were isolated only from one vineyaspectivelyl. orientalis, K. thermotoleransT.

213 delbrueckij P. fermentans, H. guilliermondiand H. opuntiae from Lucera (Table 2). The
214 predominance of noBaccharomycesyeasts was observed for all the samples analyzed,
215 nevertheless$. cerevisiaestrains has been isolated from both vineyardsiestudheir frequencies
216  were higher in Lucera (about 33%) than Ascoli Sati(about 10%). ThEigure S2describes the
217  frequencies of strains identified from grape juiican the two different vineyards, during vintage
218 2012.

219  Among the norsaccharomycesharacterized in this study, the most abundant rgea¢ the
220 beginning of AF werédanseniaspordabout 38%H. uvarum35%,H. guilliermondii 1.5%, ancH.

221 opuntiae 1.5%) andMetschnikowia(M. pulcherrima 25%) (Figure S2). The analysis of non-
222 Saccharomycediversity in the two different areas revealed eagvariability, showing, in several
223 cases, statistically significant differences amolugations (Figure S2).I. orientalis, K.

224  thermotolerans, T. delbrueckii, P. fermentans, purdiaeandH. guilliermondiiwere isolated only
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from grape juice collected from Lucera (respectivkb, 5, 3, 1.5, 3 and 3 %). The presenchliof
pulcherrima is different in Lucera and Ascoli Satriano vineygrdespectively 14 and 4%,
furthermore significant differences were reporté&b avith total frequency (about 9%4)l. uvarum
ecotypes have been isolated with higher frequeray fAscoli Satriano (about 42%), contrariwise
it frequency was about 28% in Lucera vineyants frequency was notomparable with those
reported for the totality of yeast isolat&d. zemplininafrequency showed significant differences
from Lucera and Ascoli Satriano vineyard, respetyive and 42%. As reported in Taldethe
species richness was highest in the yeast popaltten Lucera (S=12) than in the population from
Ascoli Satriano (S=6). However, biodiversity notyrenerely on the numbers of species but
likewise on its relative abundance and dominanbe. $hannon diversity index (H), that takes into
account the number of individuals as well as nundfgaxa, was higher for the yeast population
from Lucera (H=1.793) being representative of aendiverse community than that from Ascoli
Satriano (H=1.512) (Tab. 3). Moreover, the Evenriedex measures the uniformity with which
individuals are divided among the taxa presente gopulation. This index was higher in Ascoli
Satriano yeast community than in Lucera populatrath values of 0.7559 and 0.5005 respectively

(Tab.3).

3. 3 Yeast species identification from wines andegetic characterization of Saccharomyces
cerevisiae strains

In the final phases of AF (9% ethanol content),sskected onl\5. cerevisiastrains (Table S1). A
total number of 146 yeast isolates identified @s cerevisiaewere subjected to genotypic
characterization by analysis &kequences. These ecotypes had been isolatedHeofinst stage of
alcoholic fermentation and in the last phases (Bdl). PCR analysis of inter-delta region produced

119 different profiles (Table 1I3. The relationship among strains according togpast obtained
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with amplification of inter-delta region was evaied using cluster analysis. According to the
resulting dendrogram (Figure 2), the strains wes&iduted in 10 main similarity groups. Only the
groups C, D and E include strains of the same tisolaarea, respectively Lucera and Ascoli
Satriano all collected from wine. Contrariwise, etlgroups contain strains collected from grape
berries, grape juice and wine of the two vineyastiglied. Cluster B contain only one strain,
isolated from wine collected from Ascoli Satrianoeyard. In addition, 5 groups including strains
with identical profiles were found. Identical piles generally has been isolated in the same area,
with the exception of profile 16, obtained from twtrains collected from both the vineyards
studied.

The two S. cerevisiaepopulations from Lucera and Ascoli Satriano shovwed indices of

dominance (D= 0.2596) and relative high diversiiy (1.528 and 1.640, respectively; Tal)e

4. Discussion

Non-Saccharomycegeasts isolated from grapes, musts and wines giaiential effects on the
organoleptic qualities of the final products (Romaat al. 2003a; Ciani et al. 2010). A major
understanding of noBaccharomycebiodiversity in fermenting wines is an essentiatecion for
guality improvement programs in the oenologicalduciions, and more specifically in the sector of
typical wine and oenological geographical indicasidFleet et al. 2008). In the present study, for
the first time in a Southern ltalian wine, we stutlg biodiversity of ‘cultivable’ yeasts isolated
from the the grapes (“Uva di Troia”, an autochthamoegional grape variety common denominator
of several wines produced in North-Apulian regiop)to corresponding wines (so called “Nero di
Troia”).

The majority of the strains isolated belongMopulcherrima a species common on wine grapes at

the time of harvest and in grape must during théy edages of wine fermentation. This species
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occurs more frequently on damaged berries, ondseused to produce ice wine, and in botrytized
(noble-rotted) wines (Oro et al. 2014). Severaharg have investigated the potentiality Mf
pulcherrimafor wine fermentation. In particular, the absenteetevant changes in fermentation
rate and chemical composition has been often obdefdolly et al. 2014; Comitini et al. 2010).
Furthermore, Comitini et al. (2010) noted in theafiwines a significant decrease in volatile agidit
and in total acidity. Other yeast of oenologicakemest isolated from grape surfaces of “Uva di
Troia” belonged toHanseniasporaspp., mainlyH. guilliermondii and H. uvarum Our results
confirmed findings previously reported on liter&uishowing that the apiculatd. uvarum/K.
apiculatamay be the predominant species on either thedseand at the beginning of spontaneous
must fermentations (e.g. Fleet 2008; Tristezzd.&x(4.3). All samples collected at the beginning of
AF show the predominance of n@accharomycegeast, neverthelesS. cerevisiaghave a high
frequency, in both Lucera and Ascoli Satriano varey These evidence might be addressable to the
presence of damaged grape berries that may beaiehrgepositories 0%. cerevisiade.g. Nisiotou

et al. 2007, Barata et al. 2012).

The majority of the strains isolated at the begignof AF belong toHanseniasporaspp, in
particular H. uvarum Other yeast well represented on grape juice atbiginning of AF are
Candida sppAmong Candida sppthe species most important identifiedds zemplininaSeveral
yeast ecology studies demonstrated the frequeséepce of this species in wine fermentations (e.qg.
Nisiotou et al. 2007; Urso et al. 2008; Zott et 2008, 2012; Tofalo et al. 2009), is a typical
contaminant of botrytized juice fermentations katgresence is also common onto healthy grapes
(Barata et al. 2012). In terms of yeast naturabiversity, strains collected from grape juice are
similar to those found in other wine-producing ategeveral authors reported the predominance of
Candida and Hanseniasporagenera at the beginning of spontaneous AF (BedRaussoli et al.

2013; Garofalo et al. 2015), nevertheless CorderesB et al. (2012) suggested that other non-
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Saccharomycegeastsuch asLachancea Wickerhamomyceand Torulasporacan be present as
dominant species.

Among the species belonging to tHanseniasporayenera, our results suggest the dominané¢ of
uvarum confirming those reported by Ocon et al. (20Mntrariwise, Garofalo and coworkers
(2015) reported major frequencyldf guilliermondiianalyzing Apulian regional wines.

Yeast isolated from wine, at the end of AF, shoes pnedominance ddaccharomycespp. (i.e.S.
cerevisiag. Our findings confirming those reported by othathors (e.g. Tristezza et @D09), that
suggested the rapidity, reproducibility and setisyoof this method.

Several studies suggested the important role ofjfembus norBaccharomyceandSaccharomyces
yeast on wine quality. For this reason, multi-giartultures designed using autochthonous
microbial resources has been suggested as a totdkto advantage of natural biodiversity,
enhancing the complexity and specific charactesstif wine (Romano et .a2003b; Ciani et al
2006; Ciani et al., 2010; Jolly et &014; Garofalo et al. 2015).

This is the first report on the population dynanaéscultivable’ microbiota diversity of “Uva di
Troia” cultivar from the grape to the correspondimge (“Nero di Troia”), and more general for
Southern Italian oenological productions. We alsted possible candidates for the design of
mixed/multi-strains autochthonous starter cultui@stypical Apulian wines, in order to obtain a
final product characterized by unique peculiaribsgesult of the autochthonous virtuous microbial
biodiversity. A certain geographical-dependentafaitity has been reported, suggesting the need of
local based formulation for tailored starter cugsifor typical wines, especially in the proportain

the different species/strains in the conceivinghofed microbial preparations.
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Captions to figures

Figure 1. Geographical localization of the two sampled vindga

Figure 2. Cluster analysis of the profiles obtained by PCRerhdelta region from 146

Saccharomyces cerevisiagains (92% of similarity).

Captions to Supplementary Figures.

Figure S1.Frequency (%) of different yeasts species isol&tau grape berries of “Uva di Troia”,
during vintages 2012. Open bars, Ascoli Satrianmeyards; black bars, Lucera vineyards; light
grey bars, total yeast identifieDifferent letters in superscript bars indicateistetal significance

(One-way ANOVA, Turkey test P < 0.005).

Figure S2.Frequency (%) of different yeasts species isoldteoh spontaneous fermentation of
grape juice of “Uva di Troia”, during vintages 201X2pen bars, Ascoli Satriano vineyards; black
bars, Lucera vineyards; light grey bars, total yedantified. Different letters in superscript bars

indicate statistical significance (One-way ANOVA rKey test P < 0.005).

19



20



438
439
440
441
442

443

Table 1. Identification of yeasts isolated from grape ke=robtained by ITS-RFLP and comparative
analysis of their ITS1-5.8S-ITS4 region. (*) Thecession numbers correspond to two ITS1-ITS4
PCR products randomly selected and sequenced fir ebtained pattern to confirm the specie

assignment.
Species ITS Restriction fragments N° Origin Accession
isolates numbers
Cfol Haelll Hinfl Ddel
Saccharomyces 880 385+365 320+230+180+150  365+155 / 3 Lucera KT029756-
cerevisiae KT029757
Issatchenkia orientalis 500 185+ 170+ 69+ 56 370+ 90 225+ 160+ 145 / 1 etaic KT029781
Metchinkowia 400 205+100+95 280+100 200+190 / 28 Lucera KT029783
pulcherrima KT029784
Hanseniaspora 750 320+310+105 750 350+200+180 300+180+95+90+85 5 Lucera KT029770-
uvarum KT029771
Candida zemplinina 475 215+110+80+60 475 235+235 / 7 Lucera KT029748-
KT029749
Issatchenkia terricola 450 130+100+90+85+45  290+125 240+105+105 / 2 Lucera KT029791-
KT029792
Kluyveromyces 700 315+285+95 310+215+90+90 355+354 / 9 Lucera 796-
thermotolerans KT029797
Torulaspora 800 330+220+150+100 800 410+380 / 2 Lucera KT029800
delbrueckii KT029801
Metchinkowia 360 200+90+80 350+110 180+160 / 1 Lucera KT029765
chrysoperlae
Pichia fermentans 450 170+100+100+80 340+80+30 250+200 / 4 Lucera 2804-
KT029805
Hanseniaspora 750 320+310+120 750 340+190+1704360+180+180+85+70 1 Lucera KT029778
opuntiae 60 +50
Metchinkowia 400 205+100+95 280+100 200+190 / 19 Ascoli  KT029785-
pulcherrima Satriano KT029786
Hanseniaspora 750 320+310+105 750 350+200+180 300+180+95+90+85 25 Ascoli KT029772-
uvarum Satriano KT029773
Candida zemplinina 475 215+110+80+60 475 235+235 / 6 Ascoli  KT029750-
Satriano KT029751
Issatchenkia terricola 450 130+100+90+85+45  290+125 240+105+105  / 1 Ascoli KT029793
Satriano
Hanseniaspora 750 320+310+105 750 350+200+180 380+180+95+80 18 colAs KT029766-
guilliermondii Satriano KT029767

1 Species assignation according to Esteve-Zarebab, (1999)
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Table 2. Identification of yeast isolated from grape juisampled at the beginning of the alcoholic fermigma profiles obtained by ITS-RFLP and
comparative analysis of their ITS1-5.8S-ITS4 regi@h The accession numbers correspond to two IS4 PCR products randomly selected and

sequenced for each obtained pattern to confirnspleeie assignment.

N°
Restriction fragments isolates  Origin Accession numbers (*)
Species ITS Cfol Hael 1 Hinfl Ddel
Saccharomyces cerevisiae 880 385+365 320+230+180+150 365+155 / 2 Lucera KT029758- KT029759
Issatchenkia orientalis 500 185+ 170+ 69+ 56 370+ 90 225+ 160+ 145 / 1 etaic KT029782
Metchinkowia pulcherrima 400 205+100+95 280+100 200+190 / 9 Lucera KTO2K8029788
Hanseniaspora uvarum 750 320+310+105 750 350+200+180 300+180+95+90+85 18 Lucera KT029774-KT029775
Candida zemplinina 475 215+110+80+60 475 235+235 / 4 Lucera KT02975R20753
Issatchenkia terricola 450 130+100+90+85+45 290+125 240+105+105 / 1 Lucera KT029794
Kluyveromyces thermotolerans 700 315+285+95 310+215+90+90 355+354 / 3 Lucera 20798
Torulaspora delbrueckii 800 330+220+150+100 800 410+380 / 2 Lucera KT02980229803
Pichia fermentans 450 170+100+100+80 340+80+30 250+200 / 1 Lucera 29806
Hanseniaspora opuntiae 750 320+310+120 750 340+190+170+60 360+180+180+@8B0 2 Lucera KT029779-KT029780
Hanseniaspora guilliermondii 750 320+310+105 750 350+200+180 380+180+95+80 2 efauc KT029768-KT029769
Saccharomyces cerevisiae 880 385+365 320+230+180+150 365+155 / 9 Ascolii@adr KT029760-KT029761
Metchinkowia pulcherrima 400 205+100+95 280+100 200+190 / 3 Ascoli Satriak®029789-KT029790
Hanseniaspora uvarum 750 320+310+105 750 350+200+180 300+180+95+90+85 29 Ascoli Satriano KT029776-KT02977
Candida zemplinina 475 215+110+80+60 475 235+235 / 29 Ascoli Satriak$029754-KT029755
Issatchenkia terricola 450 130+100+90+85+45 290+125 240+105+105 / 1 AsSatiiano KT029795
Kluyveromyces thermotolerans 700 315+285+95 310+215+90+90 355+354 / / Ascoliiad KT029799
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449 Table 3 Diversity indices of the two yeast

450 populations present in must produced with grape
451  samples collected from Lucera and Ascoli Satriano

452

Lucera Ascoli Satriano

Species richness (S) 12 6
Dominance (D) 0.2363 0.2515*
Simpson (1-D) 0.7637 0.7485
Shannon (H) 1.793 1.512*
Evenness (e"H/S) 0.5005 0.7559*

453  Asterisk indicate statistically significant differees (p<0.05) of
454 values in the same row



455

Table 4. Intraspecific diversity of the tw8. cerevisia@opulations

Individuals Clusters Dominance Simpson Shannon Evenness
(D) (1-D) (H) (enH/S)
Lucera 69 7 0.2596 0.7486 1.528 0.6582
Ascoli Satriano 77 9 0.2596 0.7404 1.640 0.5726
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