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1. Introduction



1.1 Ecology of wine yeasts

Yeasts are widespread in nature and are found in soils, on the surface of vegetables and in
the digestive tract of animals. Wind and insects disseminate them. They are distributed
irregularly on thesurface of the grape vine; found in small quantities on leaves, the stem
and unripe grapes, they colonize the grape skin during maturation. Observations under the
scanning electron microscope have identified the location of yeasts on the grape. They are
rarely found on the bloom, but multiply preferentially on exudates released from
microlesions in zones situated around the stomatal appaBaitrgtis cinereaand lactic

acid bacteria spores also develop on the proximity of these peristomatic fractures. The
number of yeasts on the grape berry, just before harvest, is between 103 ad 105, depending
on the geographical situation of the vineyard, climatic conditions during maturation, the
sanitary state of the harvest, and pesticide treatments applied to e{&NiareauGayon

P.et al.2006)

Quantitative results available on this subject, anyway, are few. After the harvest, transport
and crushing the crop, the number of cells capable of forming colonies on an agar medium
generally attains 106 cells /ml of mu$he number of yeast species significantly present on
the grape is limited. Strictly oxidative metabolism yeasts, which belong to the genus
Rhodotorulaand a few alcohol sensitive species, are essentially found there. Among the
latter, the apiculated spies Kloekera apiculateand his sporiferous forralanseniaspora
uvarum) are the most common. They comprise up to 99% of the yeasts isolated from
certain grape samples. The following genera are associated with winemaking environment
and they can be found bin lesser proportionsCandidg CryptococcusDebaryomyces
Kluyveromyces Metschnikowia Pichia Saccharomycodes, Schizosaccharomyees
Brettanomycegand his sexual equivalebBekkerg (Pretorius, 2000).

All the researches, that deal with this subjeonfirm the extreme rarity 8. cerevisia®n

grapes. Yet these yeasts are not totally absent. Their existence tenmooven by
spreading out diluted samples of must on a solid medium prepaasdptic conditions but

their presence on grapes can peven by analyzing thespontaneous fermentative
microflora of grape samples placed in sterile bags, &septically crushed and vinified in

the laboratory in absence of contaminations



1.1.1 Origin of wine yeasts

The fermentation of grape must is a g@ex ecological and biochemical process involving

the sequential development of microbial species, as affected by particolar environment. The
process includes the interaction of fungi, yeasts, lactic acid bacteria, acetic acid bacteria, as
well as the mycaruses and bacteriophages affecting these gaspeciated
microorganisms(Pretorius, 2000).0f all these, yeasts are the heart of biochemical
interaction with the must derived from the varietie¥/o¥inifera and other grape species.
Although thenonSaccharomyces/easts are the predominant species as the grape, they
grow well in the early stage of fermentation, but are subsequently replaced during the
following steges bySaccharomycegeasts, which are more tolerant to ethafidéet and

Heard 1993).So, though many genera and species of yeasts are found in the musts, the
genus Saccharomycesand mainly the specié€saccharomyces cerevisiag the one
responsible for alcoholic fermentati@iretorius, 2000)The origins of nosfSaccharomyces

are grape skiand winery equipmenid-leet 1993).However, the origin oE. cerevisiaés
controversial; although the most significant finding was that it is practically absent from
grapes and vineyard soi(®lartini, 1993) some authors propose that this species is a
Anatural 0 or gani s nMogimesed a&.1999; Sniegovskieh al. 2002) r ui t s
Ot hers argue that there is an fAartificialo
of otherSaccharomyceand then selected in a marade environmer({Martini, 1993) this

model would be supported by the fact tBatcerevisiadas been found only in areas close

to human civilization. Finally, some authors postulate that this species is a domesticated
microorganism originating from its closest relatiBacharomycesparadoxus a wild
species found all around the world associated with insects, tree exudates and fermenting
plant extracts. The occurrence®fcerevisiaén the vineyard would be the consequence of
back transportation from cellars by inse@daumov, 1996)

Moreover, there is still a lack of agreement concerning the contribution to spontaneous
fermentations of5. cerevisia@riginating from the vineyard comparing to that originating
from the winery. On one hand, spontaneous alcoholic fermemtatipossible in sterilized
vesselqLopezet al. 2002) or in a newly built winery wher&. cerevisiadas never been

introduced(Beltranet al. 2002) On the other hand, as mentioned before, although it has



been found on damaged berr{®dortimer et al. 1999) wild S. cerevisiags extremely rare
on intact grapegSabateet al. 2002) whereas it can be found colonizing the winery
equipment(Beltranet al. 2002; Sangorriret al. 2002; VaughasMartini et al. 1995)some
strains are even founa ithe winery ove several years (Beltraet al. 2002; Frezier and
Dubourdieu, 1992; Rosini, 1984).

1.1.2. Use of selected yeasts foenological purposes

Originally, all wine was made by taking advantage of natural microflorsgontaneous
fermentation; no deliberataaculation was made to start the procédisthe various yeasts
found on the surface of grape skins and the indigenoasobiota associated with winery
surfaces participate in these natural fermentatidrigeakthrough was made in 1880 when
Hansen, woring at the Carlsberg winery iDenmark, isolated a pure culture derived from
a single yeast cell and, in 189@uller-Thurgau from Geisenheim introduced the concept
of inoculating winefermentations with pure yeast starter cultu(Bsetorius, 2000)In
1965, the first two commercialried yeasts (ADWY) strains were produced for a large
Californian winery(Fleet and Heard, 1993)heset wo st r ai ns, AMontrachet
Champagneo, wer e of f er gedsts.Wherinocllatiodad seleded al | pur
pure yeast cultures into mustnswadays a common enological practice established since
the 1970s, in order tproduce wine with desirable organoleptic characteristics and to
guarantee thédhomogeneity of successive vintages. Today, several -geastifactiring
compagniemarket a wide variety of dehydrated cultures of variSuserevisiaestrains,
andmost of worldwide wine production relies on the use of such commercial tatss.

In the past 30 years, strains 8f cerevisiaehave been selected faheir enological
properties and are used as starters in winemaking processes. Yet thesénstrbied in
fermentation play an important rule in determining the characteristitgedinal product,

in terms of high alcohol percentage and absence ofsimtdéecompoundgPerezCoelloet

al. 1999) while the diversity of nativeS. cerevisiaestrains present irspontaneous
fermentations contribute to the chemical composition and segsatities of the resulting
wine (Lurton et al. 1995) Moreover, severastudies support the hypothedlsat active

dried yeasts reduce the variability of strains that appear in spontafezousntations

10



(Beltranet al. 2002; Fleet, 2003and, possibly, the complexity of the resulting wine. For
thesereasons, winemakers lookjrfor original flavours prefer spontaneous fermentation
with indigenous yeasts. For the same reasons, lots of recent selection projeets wine
strains focus on ecotypical strains, trying to preserve biodiversiglected areas and at
the same timéo guarantee optimal fermentatiparformances.

The recent discovery that an overabundance of living cellS. aferevisiags presentn
every kind winery is providing wine technologists with a large reservoir of sireaansity

as a new source of lodpl selected starters for winmaking. SinceS. cerevisiae
populations, isolated from vineyard and wineries, endowed with enologroplerties
wholly comparable to those of commercial starters, autochthonous stadgrerevent
excessive standardizatiomgendered by the presence of only fagtive dry commercial

starters in the internationalarket (Martini, 2003)

1.1.3. Genomic characteristics of wine yeast

Industrial S. cerevisiaestrains are highly specialized organisms, which have evdived
utilize their full potential in the different environments or ecological nicheshhet leen
provided by human activityl his selection process can be describel dso me st i cat i on.
can be responsible of the special genetic characteristicglwstrial strans (Querolet al.
2003) S. cerevisiadas a relatively small genome, a large numddecthromosomes, little
repetitive DNA and few introns. Haploid strains contapproximately 1213 megabases of
nuclear DNA, distributed along 16 lineehromosomes whosgze vary from 250 to 2000
kb (Barreet al. 1992) In contrast to mos$. cerevisiaestrains used in the laboratory, which
are either haploid or diploid and haaeconstant chromosome electrophoretic profile, wine
yeast strains are mainly diploidaneuplod, or polyploid, homotallic and highly
heterozygous, and show a high levetbfomosome length polymorphism. Moreover, wine
yeast strain seem not to remgeneticallyuniform (reviewed in Pretoriudretorius, 2000
and in Querolet al. 2003. Their exaerbated capacity to reorganize its genome by
chromosomal rearrangementsjch as Typromoted chromosomal translocatiofiongo
and Vézinhet 1993.; Rachidt al. 1999) mitotic crossing ovefAguileraet al. 2000)and
geneconversion(Puig et al. 2000) promotes a faster adaptation to environmentanges

11



than spontaneous mutations, which occur at comparatively very low Irafegticular, the
ploidy of wine yeasts may confer advantages to adapt to vagatdemal environments and
increase the dosage ebme genes important fdermentation(Bakalinsky et al. 1990;
Salmon, 1997)Theillegitimate recombination mediated by Ty elements suiotelomeric
repeated sequences has several practical consequences: spoabliétiois very variable
(between 0 amh 75% ascus formation on a sporulatroedium) and spore viability is also
highly variable, ranging from 0 to 98{Barreet al 1993; Codoret al. 1995) The meiotic
segregants from wine strains diploidize with high frequency, indicatmgrafrequency D
homotallism. Heterozygosity has been observed in bothothallic and heterothallic wine
strains.In addition, the possibility of adaptive gross genomic changes occurring during
laboratory growth conditions has been demonstrated by Hughes(etughes,Marton et

al. 2000; Hughes, Roberest al. 2000) those authors showed in multiple cases that the
deletion of a single gene stronglgvors the acquion of a whole chromosome or a
chromosome segment containiagcompensatory copy of a close homologhe deleted

gene.

1.2 Saccharomyces wine yeasts taxonomy

The taxonomy ofSaccharomycesvine yeasts has undergone multiple changes, tdue
successive reorganizations of the classification of this group (Pretorius 2000; Rainieri et al.
2003). Saccharomycesvine yeasts are all now considered to beldongthe genus
Saccharomyceslhis taxon initially included four speciesS. ceresiae, S. bayanus, S.
paradoxus, S. pastorianubut has since been enriched the addition of another five
species:S. kudriavevii, S. tnikatae, S. cariocanus, S.arboricolasd S. eubayanus
(VaughanMartini and Martini 1998; Naumov et al. 2000; Rainieri et al. 208B:An
Wang and Fenyyan Bai, 2008; Libkind et al. 20)1Most wine yeasts used for
alcoholic fermentation areaw recognized asSaccharomyces cerevisiddowever,
Saccharomyces bayanusay also mediate alcoholic fermentation, particularly in-low
temperature conditions, as they areotojerant (Naumov et al. 2000). Strains $f
paradoxushave been isolated fronineyards, but their potential contribution to wine

fermentation is unknowfRedzepovic et al. 2002).
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Another level of complexity within the gen&accharomycegroup arises fronthe ability

of strains of different species to mateddorm hybrids Barros lopeset al. 2002). Inrecent

years, thanolecular characterization &accharomycewine strains has revealed some of
these strains to be hybrids (Masneuf et al. 1998). This situation extends the range of
phenotypic diversity for wine yeasts and has piadip significant industrial implications.

These results underline some interesting featoreshe mechanism ofaccharomyces
genus evolution. In fact the emergence of fermented beverages roughly matches the
domestication of plants and animals, it iselik that some yeast lineages with faxexd

traits were also unwittingly domesticated. In contrast to extensive investigation into
domestication of crops and livestock, studies of domestication of eukaryotic microbes have
been limited, perhaps because @ thability to conduct direct field studies. Identifying the
genetic basis of traits under selection during domestication may clarify the emergence of
new traits and show the way toward further improvement. Because domesticated lineages
derive from a subseof the original populations, a genetic bottleneck is likely to have
caused the disappearance of some alleles, especially in microbes, which are often
propagated clonally. In an age of accelerated habitat destruction and diminishing
biodiversity, discover of wild genetic stocks of domesticated microbes will facilitate
preservation of their genetic resources for strain improvemenis context,the new
finding from sequencing the whole genomeSoéubayanubecomeshe starting poinfor
understandingthe evolution relationships among tlvironmental and technological
Saccharomycestrains used for the production of fermented food and beverages (Libkind et
al. 2011).

1.2.1Genetic proprieties of S.cerevisiae wine strain

The genome structure &. ceevisiaeis intimately linked to its genetic propertiashich
reciprocally influence the life style and genome characteristics of this yeastrevisiae
strains are mostly diploid in natural conditions and display vegetapmduction through
multi-polar budding.

One peculiarity ofS. cerevisiaavine strains is that many are homothallic, aledcendants

of these haploid spores mate with their own progeny to form a diptwchothallism is
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frequent in wine yeasts, with about 70% of strains known ttdreothallic (Mortimer
2000), but the ecological significance of this propedsnains unclear. Mortimer et al.
(1994) suggested that homothallism may provide required conditions for a process he
called "genome renewal". According to tlmdel, yeasts acowlate mutations during the
vegetative stages of their life, renderiigem heterozygous for various traits. Upon
sporulation and the seffiating ofhomothallic spores, homozygous diploids are generated.
This process makes it mble to eliminate reces& mutations deleterious for the strain or

to ensure that recessive mutations increasing strain fitness are expressed. Genome renewal
is therefore likely to play a role in adaptation of yeasts to stressfulamvieonment.

Mortimer (2000) proposed that@lxt one third of wine S. cerevisiae cells were homozggou
Conversely, higltevels of heterozygosity was deduced from various approaches and was
shown to lead to massive differences in gene expression among segregants (Bradbury et al.
2005; Cavalieri et a000).

The external crossing rate of S. cerevisiae was recently estimated indirectly, through an
analysis of the wholgenome sequences of three strains and the sister spep@sdoxus
(Ruderfer et al. 2006). It was concluded that outcrossing wesaecurring once every
50,000 divisions, corresponding to once evernl37 years assuming that one to eight

divisions occur per dafKonig et al. 2009

1.2.3The ploidy of wine yeasts

Early genetic studies on wine yeasts indicated that most stranesdipdoid thoughsome

were polyploid or aneuploid (Cummings and Fogel 1978; Thornton and Eschenbruch 1976;
Takahashi 1978; Bakalinsky and Snow 1990). Various genetic data and DNA analyses have
suggested that aneuploidy was common in flor yeasts (Maréhet 1995; Guijo et al.
1997). More accurate information about yeaseupbidy was recently obtained through
CGH analysis, with Infante et al. (2008pnfirming that flor yeasts are aneuploid for
severalchromosomesUnexpectedlya similarkaryotypingof commercial'fermentation”

strains revealed no whole chromosome aneuploidy (Dunn et al. 2005).

Moreover, Legras et al. (2007) recently reported that 88% o$tlverevisiastrains had

allele patternsonsistent with a diploid state. Unlike other indlias yeasts (baker's yeast
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and brewing yeast strains), which have ploidy levelseeding 2 n, most of the
Saccharomyces cerevisiagains used in winenaking seem to be diploid. Flor yeasts have
features closer to other industrial yeasts, with more comaneuploidy and polyploidy

certainly in relation to the occupancy of a specific ecological r(ikbaig et al. 2009

1.2.4Chromosomal rearrangements

The existence of gross chromosomal rearrangemeanémslocations, deletions add
amplifications of chomosomal regionsvas rapidly suspected based on the high level of
chromosome polymorphism found in wine yeasts. Analysis of y&ast chromosomes by
pulsedfield gel electrophoresis (PHE demonstrates majorchromosome length
polymorphism between wine gst strains (Vezinhet et @990; Yamamoto et al. 1991).

Such variations in chromosome size clearly resultedm gross chromosomal
rearrangements (GCR).

Recombinationbetween repeated Ty sequences interspersed throughout the genome is
shown to bea majorcause of chromosomal translocation (Rachidi et al. 1999; Codon et
al. 1998). Other types of repeated sequertBNA and telomeric Y' sequencemay also

serve as substrates for ectopic recombinations leading to chromosomal rearrangements
(Carro et al2003).

One of the main conclusions of the CGH analysis is that wine yeastslaaay
related. Indeed, "fermentation” strains do not contain the extensive fiaatns of

chromosomal regions observed in flor strains (Infante et al. 2003).

It has been ggested that flor yeasts must deal with high acetaldehyde, coricergra
during wine aging, potentially inducing double strand breaks, the pinogesswhich

may favor GCR (Infante et al. 2003). The differences between the environments of
fermentatiorand flor yeasts may therefore support differevlutionary processes. CGH
analysis is subject to certain limitations, whichust be taken into account. This
approach cannot detect reciprocal translocations or account for the existence of genes other
than those already identified in the sequenced laboratory strain.

The effects on yeast fitness of most of these rearrangements remain unclear.
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In flor yeasts, the amplified regions were shown to contain genes potemsiaflyl for strain
adaptation, such a#&DH, which encodes alcohol dehydrogese. This enzyme can
detoxify the medium by removing acetaldehyde. In tolj a key gene for velum
formation,FLO1IIMUC1, encoding a cell wall mucin, is found amplified and has an altered
expression due to a promotaodification(Infante et al. 2003; Fidalgo et al. 2006). The
best studied case of cwibution to adaptation is that of a translocation between
chromosome VIII and XVI which has a direct impact on sulfite resistance (Petiezet

al. 2002).

The SSU1 gne encodes a plasma membrane protein that is thought to extrude sulfite
anions and confers sulfite resistance (Park and Bakalinsky 28@0)1is located on
chromosome XVI in the laboratory strain, but an allele conferring higher levels of sulfite
resistance is found associated with a translocation onto chromosome VIII (Goto et al.
1998). A survey of the translocation distribution shows that it is widespread in wine yeasts.
This translocation ighe only clear example identified o date in wine yeast inclwta
chromosomal rearrangement has been shown to be involved in adaptation to the Wine
environment and to be selected in response to a technological pedgosive sulfite use
(Konig et al. 2009).

1.2.5Yeast sequencing

In 1996, the budding yea$.ceevisiaebecame the first eukaryotic organigmhave

its genome completely sequenced (Goffeau et al. 1996). The s$emjnenced,
S288C, is a commonly used laboratory strain that was obtained in the b95@ating

a strain isolated from a rotten fig (E28) with a commarial strain (Mortimer and
Johnston 1986). While experimental conditions nhaye left a significant footprint
on the evolution of S288C (Gu et al. 200Sjnce 1996, the S288C genome sequence
has been the only reference sequencailablefor S. cerevisiaeToday the genomes of
several other yeast strains have been sequenced, including that of-Riyizl
haploid derivative of a natal vineyard isolatehe clinical isolate YIM789 (Wei et al.
2007),and the diploid, heterozygous wine yesisainEC1118 widely used astarter in the
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wine industry. The sequence divergence between these strains aatetkace strain has

been estimated at 0B, similar to that between humaaisd chimpanzees.

Recently, analysis of the EC1118 genome (De@a al., unpublished data) has revealed a
sequence divergence relative to S288C or RM11 of 0.5 or 0.25% tigspedt has been
estimated that there is less than 0.1% heterozygosity bet#@#&hl8 haplotypes, a value

in the range of the variation olvged between human beings (@.1D1%). About 50,000
SNIPs and only a moderate number of ind&$00) with respect to the S288c genome
have been identified in the genomeE£1118, suggesting that, as observed for YIM789,
SNPs might be a primary causé heritable phenotypic variation between strains. The
genome of EC 1118 has addition, remarkable peculiarities. Interestingly, the genome of
this strain containedntirely new regionsarrying several genes involved in metabolic and
transport functionsThe study of the distribution of these fragments withinSheerevisiae
species, as well as their potential contribution to the adaptation of yeast to wine

environment is under waKonig et al. 2009).

1.3 Targets for selection and improvement of wine yasts

Wine technologists gathered the basic properties required for the definitiod 6faael ect e d
S.cerevisiast rain for wine maReednGaddChanSL. 19%Wg.) cat eg
primary or fitness traitsdefined as those strictly associatedh the formation of ethyl

alcohol by fermentation, and (8gcondary or quality traitslefined as thoseelated to the

production of compounds that affect other parameters, such dstlyeof a wine, the

higher alcohols complex (bouquet), and the appearafcndesirable offlavors. Main

primary and secondary traits are summarized in thdlewhere some further traits, more

specific and functional to the type @éstrewine, are also liste(Pretorius 2000).

Table 1.1 Main desirable characteristicsvirie yeast
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Fithess traits

Fermentation properties

Technological propetrties

Rapid initiation of fermentation
High fermentation efficiency
High fermentation rate

High ethanol tolerance

High osmotolerance

Low temperature optimum

Moderate biomass production

High genetic stability

High sulphite tolerance

Low sulphite binding activity
Low foam formation
Flocculation properties
Copper resistance
Resistance to desiccation
Killer properties

Proteolytic activity

Low nitrogen demand

Qualit

y traits

Flavour characteristics

Metabolic properties with health
implications

Low volatile acidity production

Moderate higher alcohol production

Low sulphite/DMS/thiol formation

Liberation of glycosylated flavour precursors
No phenolic off-flavours production

High glycerol production

Modified esterase activity

Enhanced autolysis

Hydrolytic activity

Low sulphite formation
Low biogenic amine formation

Low ethyl carbamate (urea) potential

Some of the requirements listed in Table 1.1 are complex and difficult to defiaically
without a better understanding of the involved biochemistry@ngiology. To date, no
wine yeast present on the market has all the charactefistex$, and it is well established
thatwine yeasts have different behaviour concerrivgr winanaking abilities. Although
this phenomenon can be ascribedféomentation conditions that are hardly reproducible,

the major source of variatiazan be atibuted to the genetic constitution of the wine yeasts

(Pretorius 2000).
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1.3.1Fitness traits

The technological traits influence the efficienaythe fermentation procesS. cerevisiae
strains generally possess the techn@algcharacteristics requirdd perform an efficient
fermentation. The determination of these traits isydwer,necessary, since most of these

characteristics are strain specifics.

1.3.1.1Main fermentation properties

The rate of fermentation and the amount of alcohotlpced peunit of sugar duringhe
transformation of grape must into wine is of consag commercial importanc&he
fermentation efficiency is intended as the eppost concentration of etharaiitainable by
fermentation from an eess of sugar. The fermentaticate (vigour)is the measure of the
ability of a starter to bring the fermentative process to adastpletion. It is normally
represented as grams of £@eveloped in 24 h, calculatems the average of aday
measurement perigdartini 2003).During wine yeast glycolysisone molecule of glucose
or fructose yields two moledes each of ethanol and carbdioxide. However, the
theoretical conversion of 180spgar into 92 g ethanol (51.1%ipd 88 g carbon dioxide
(48.9%) could only be exptd in the abence of any yeagrowth, production of other
metabolites antbss of ethanol as vapo(Boultonet al. 1996) The ethanol production and
fermentation ra are closely linked to ethantlerance: in fact while ethyl alcohol is the
major deged metabolicproduct of grapguice fermentation, it is also a potent chemical
stress factor that is often thenderlying cause of sluggish or stuck fermentations. Apar
from the inhibitory effect ofexcessive sugar content on yeast growth and vinification
fermentatia, the productiomf excessive amounts of ethanol, coming from harvest of over
ripe grapes, is knowto inhibit yeast growth rate, viability and fermentation capacity: cell
growth stops atelatively low ethanol concentrations, and fermentation stopdaitvedy
higherlevels. Decreases in the rate of ethanol production are related to decreases in viable
cell count. Cell growth inhibition by ethanol is noncompetitive and has described as
either a linear or an exponential function of ethanol concegmtrgBoulton et al. 1996;

Benitezet al. 1996).Generally, sugar catabolism and fermentation proceed at a rate greater
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than desiredand are usually controlled by lowering the fermentation temperéfleet,
1993) Occasionally, wine fermentation ceaggematurely or proceeds too slowly. The
comnercial implications of sluggish or incomplete wine fermentations are usually
attributed to inefficient utilization of fermenter space and wine spoilage resultingthfiem
low rate of protective carbon dioxide dwton and high residual sugar content.
Conversely, financial losses through ‘runaway' wine fermentations arise from thleatact
fermentor space is reduced because of foaming and volatile aroma compoaitoist by
entrainment with the evolving carborogide. Thus, yeast behaviouisvards temperature
are also very important in wine making control: a wide ranggroith temperatures is
suitable for wine strains, and fermentation efficiency shawdswiftly decrease as small
temperature changes happe®ptimal performance ofwine yeasts in white wine
fermentations, conducted at cooler temperat(#@<15°C) so as to minimize the loss of
aromatic volatiles, and red winéermentations, performed at higher temperatures
(18+30°C) to enhance extraction @hthocyanin pigments, is therefore of critical

importance to wine quality and costeffectiven@ssnschke, 1997).

1.3.1.2. Main technological properties

Several antimicrobial compounds, as well as ethanol, can intevidrereastfermentation
activity. Sane of these compoundseausually added to fermentatidanks, as sulphite
dioxide other ones are found in grapeust coming fromagrochemical treatments as
copper and pesticides; finally antimicrobial killer toxisu® produced by some yeasts and
are lethal to other sensitive one&ulphur dioxide is widely used in enology fds
antioxidant activity and aantimicrobial agent towards yeast, acetic aaxit acid bacteria
in general. Moreover, Saccharomycess the most resistant gst among wineelated
speciesso SQ addiction selects this microorganism inhibgiapiculated ethanaglensitive
species; thus tolerante sulphite forms the basis eélective implantation of activaried
wine yeast starter cultures into grape must2 $@diction, anywaycan affectdifferently
fermentation kinetics and althoudgh ceresiae tolerates higher levels dcfulphite than
most unwanted yeasts and bacteria, excessived8&ages magause sluggish or stuck

fermentationgBoulton et al. 1996) Wine yeats strains vey widely in theirresistance to
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sulphite, and the underlying miganism of tolerance as well dlse genetic basis for
resistance are still unclear. Within tisaccharomycespeciesresistant strains are quite
frequent (around 30%) and they can developresence of 150 ppm of $Qwhile more
sensitive strains arenhibited at concentrations su@s 100 ppm that mainly causes a
prolongation of lag phase

Wide application of copperontaining fungal pesticides (copper oxychloride)ctmtrol
downy mildew Plasmopara viticolaard, to a lesser extent, dead affdfhomopsis viticola
and anthracnos&{oeosporium ampelophagymould lead tawopper residues in musts that
may cause lagging fermttion and affect wine qualitgetrimentally This phenomenon
recenty incresed due to the diffusion of the organic antegrated cultivations, where
copper is widely used to reduce etiminate the need of other chemical treatmeSts.
cerevisae species exhibits aignificant variability in copper resistance and theusstion

of this trait seems to bie result of an environmental adaptat{®omano, 2005%everal
copper uptake, efflux andhelation strategies have been developed by yeasts to Icontro
copper ionhomeostasisin particular, copper sensitivrains do ot change the metal
concentration in wine, whereas resistant sgaensibly reduce this elemecumulatng
copper inside the celKiller toxins are proteins produced by some yeasts dine lethal to
sensitive wineyeast strains. The Kkillers themsedyehowever, are immme to these
mycovirus associatedoxins. It remains controversial whetheethrowth and zymocidal
activity of some wild killer yeasts have the potential to delay onset of fermentation,
cause sluggish or stuck fermentations and prod wines with increased levels of
acetaldehyde, lactic acid, acetic acid and other uradds sensory qualitiesAn
unfortunate consequence of ignorance regarding thee roff killer yeasts in wine
fermentations is that some winemakers useutures toinoculate fermentationsone
strain being a killer and the other a sensitive strain. The advantage of usingriiartral

wine yeasts should therefore not be underestim{@&westorius 2000).

1.3.2. Quality traits

The quality of wine is the outcome obmplex chenosensory interactions that atéficult

to predict because of the influenagismany variables. The chemicadmposition of wine
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is the foundation of both sensorgsponse and wholesomeneasd it is determined by
many factors. These includlee grape variety, the geographical and viticultural conditions
of grape cultivation, the microbial ecology tife grape and fermentation processes]
winemaking practice@Owens and Noble, 1997).

Microorganisms have a prominent role in determining thenacal composition o#ine.
They affect the quality of the grape prior to harvasd, during fermentation, they
metabolise grape sugars and other componeisethanol, carbon dioxide amtdindreds

of secondary engroducts that, collectivelycontribue to the subtlety anchdividuality of
wine characte(Nykanen L. 1986).

1.3.2.1. Flavour characteristics

Alcoholic beverages contain mainly saturatsilaight chain fatty acids. Theolatile acid
content of wine usually lies betwee®® and 1000 mg/L, armally morethan 90% of
volatile aed consists of acetic acidAlthough acetic and latic acidbacteria can be
associated with high levels of short ahdiatty acid, acetic, propanoand butanoic acids
are byproducts of alcoholic fermentatiofRibereauGayon et al. 2000). Fermentation
purity is expressed as of the ratio betweelatile acidity (as g acetic acid/L) and ethanol
(% volume) produced at thend of the fermentation procesdigh values of this atio
denote the ability to formfew undesirable ly-products in theourse of fermentation. Wines
cannot be commerciakd if volatile acidity exceedse tath of the ethanol content
Another fermentation bproduct affecting winequality is glycerol. In a model
fermentation, about 95% of the sugar iswerted nto ethanol and carbon dioxidEy into
cellular material and 4% into other products suchlysegol. Due to its notvolatile nature,
glycerol has no direct impact on theoaratic characteristics of winélowever, this triol
imparts certain othesensory qualitiest has a slightly sweet tastand owing to its viscous
nature, also contributes the smoothness, consistency amgerall body of wine Wine
yeast strains producing a consistent amourgfiyferol would therefore be of considerable
value in improving the organoleptiguality of wine. Among other yeast metabolites, the
formation of sulphite and sulphide by wirstrains greatly affects the quality of wine.

Sulphur is essential foyeast growth ands. cerevisiaecan use sulphate, sulphitnd
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elementalsulphur as sole sources. Unlikallphur dioxide (S¢), which when properly
used, has some beneficial effedigdrogen sulphide (%) is one of the most undesirable
yeast metabolite, since ttauses, above threshold levels of-8D g/L, an d-favour
reminiscent of rotten egg$Snow R. 1983)Even though the compositional variability of
musts (i.e., the precursors of bougoetlecules variablylistributed within grape varieties)
is considered the main swe of organoleptic specificity, todathe wine technologistre
evaluate the role of yeagtetabolism (strahmelated byproducts of fermentain) in the
formation of bouqueand aromaln fact, the growth, by means of alcoholic fermentation as
enegy source, is the best way for yeasts to enakcontibution to wine flavour, as well
(Henschke, 1997Fhis phenomenon is carried out by se@enechanisms that involves the
degrading of grape juice constituents and piheduction of a great amount different
compounds: mainly ethanol and othelvsots that help to extract flavoeomponents from
grape solids, hundreds of seclary metabolites (e.g. acidalcohols, esters, polyols,
aldehydes, ketones,ohatile sulphur compounds) thatontribute considerably to wine
aroma and the praodts of autoftic activity thatcharacterizes the stationary phase of yeast
growth. Moreove a great variety of exoenzymeme normally produced by these
microorgamsms that can transform neutgrape compounds into flavour active molesul
(Nykanen L. 1986)These ractions,especially the production of secondary metabolites,
vary with the species and straof yeast. Tables comparing the diversity of metabolite
production by different yeastmay be found in Fleet,ema et al.1996, Romano1997,
Heard 1999 andLambrechts and Pretoriuslhus, the uniquenessi@ individuality of the
flavour contribution by yeasts depends on the species arminstroperating the

fermentation.

1.3.2.2. Metabolic properties that influence wine safety

Today, it is generally accepted thabderate wine drinkg can be socially beneficiasand
that it can be effective in the managemenstoéss and reducing the riskadronary hedr
disease. In the selection amdprovement projects concerning wingast strains, it is
therefore of the utnsi impatance to focus on these headibpects and to obtain yeasts that

may reduce theisks and enhance the benefitskewise, research in several laboratories
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around the worlds directed towards thelimination of suspected carcinogemoempounds

in wine, such as ethyl carbamaagd asthmatic chemical preservasysuch as sulphites. It
mighteven be possible wevelop wine yeasts that could increase the levels of phenolic and
antioxidative substances (e.g. resveratrol) associated withitedled French paradox’, in
which, despite the high dietary fat intake of the cedé®ving population of southern
France, the death rate from coronary heart diseasgnificantly lower than the onound

in industrialized countrie@retorius, 2000)

1.4. Seletion strategies for new strains of enologicahterest

Selection and genetic improvement of an organism is based on the ability to a&hieve
specific task or to do precise function. In the cagé wine yeasts, it is necessahat the
selected straingave some basic traits comed with others more specifand functional to
the type of wine desitk (as summarised in Table 1.T7he primary selection criteria
applied to most straidevelopment programs relatettee overall objective of achieving a
beter than 8% conversion of grape sugar datcohol and carbon dioxide, at a controlled
rate and withouthe development of offfavour§he growth and fermentation properties of
wine yeasts have, however, yebm®genetically defined. What makes the gerdgitition

of these attributes evenore complex is the fact that lag phase, rateedficiency of sugar
conversionesistance to inhibitory substances and totaktiof fermentation are strongly
affected by the physiological conditiarfi the yeast, awell as by thephysicochemical and
nutrient properties of grape must.

14.1. Clonal selection

The starting point for the genetic improvement of wyeasts is always the isolatidrmom

grapes, grape musts and wines of a highlmemof yeast strains, whidrethen submitted

to the analysis of theioenological proprties The process, namedc | on a | selectic
produces pure strain clones whidan either meet or not all thdesired traits for

winemaking, but it allows the constitution of a biodiversity kmround, which is very

useful for successiveelection steps or improvememtograms.The selection is generally
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carried out within the genuSaccharomycesYeastcultures are preferably isolated from
grape juiceor wine. Saccharomycestrainsgrowing in hese substrates are, in fact, well
adaptel to the oenological environmenand can therefore ferment grape juice very
efficiently. NeverthelessSaccharomycegeasts are scarcely present on grapes. Their
isolation on solid media, may therefor®t be suitedespecially fi a relevant number of
culturesneed to be collected. These of an enrichment technique is generally preferred
(Constantiet al. 1997; Versavaudcet al. 1995) This method consists of creating the
conditionsthat favour the growth of somenicroorganisms in a mixed population, and
inhibit the growth of the rest. The higloncentration of ethanol that accumulates in grape
juice during fermentation is theain factor favouring the selection &accharomyces
strains. Isolations are therefocarried out after the fermentation (or midiermentation) of

grape juice. The resitig yeasts are then submitted to characterization steps.

1.4.1.1. Phenotypic characterization of yeasts

In the first step of a selection program a great Inemnof isolates isubjected talifferent
phenotypic tests with the aim of identifying and charaziey yeast straingind species.
Taxonomists first delimitated the yeaspecies using morphological amuhysiological
criteria. The first classifications webmased on phengpic differencedetween yeasts: cell
shape and size, spore formation, culturbbracters,fermentation and assimilation of
different sugars, assimaiion of nitrates, growthfactareeds, resistance to cydteximide.
Sincethen, many rapid, ready to udegnostic kits have been also developed to determine
yeast response to differgoltysiological test§RibereauGayonet al., 2006)

Due to the relatively limited amount of yeast species significantly present on guaghas
wine, most of these phenotypiests can edy identify oenological yeastssome of them
can be idetified by simple observation ofrowing cells under thenicroscope. Small
apiculated cells, having lemdike shape, are typical of trepeciedHanseniaspora uvarum
and its imperfect fon Kloekera apiculata

Saccharomycodes ludwigs characterized by apiculated cells of a larger size 210 € m) .
Since most yeastaultiply by budding, the genuSchizosaccharomycesn be recognized

because of its typical vegetativeproducion by binaryfission. Finally,the budding of

25



Candida stellataproduces stashape cells.According to Barnett et all1990, the
physiological charactestics canbe used to distinguish between the principal grape and
wine yeastsThese features can be studied indiailtiy settig up selective fermentation
andgrowth tests, or in combined trials. On the basis of iphygical tests the researchers
Lafon-Lafourcade and Joyeuk979 and, in the samgeriod, Cuinier and Levad979,
designed a ready to use kit (APl 20 C sys} for he identification of enologicafeasts. It
contains eight fermentation tesiad ten concerning assimilati@md resistance to cyclo
heximide. For a more complete identification, the API 50 §idtem was developed, it
contains 50 substrates flermentation (under paraffignd assimilation tests. Finally, Fleet
and Heard in 990 proposed a system thases the different testslit ed i n Barnett és
Appling this newmethod, it was found that some of these abtaristics (for example
sugars ferrantation profiles) varywithin the species and are even unstable for a given
strainunder \egetative multiplicationThere is a considerable part of the current literature
that use the cell fattyacyl composition as a means of yeast identifications Taxonomic

tool has beerapplied especially to identify wine spoilage yedst$ also to characterize
variousspecies and strairfgkunkee RE, Bisson LF. 1993).

In general, during a selection program, the most used tests, among phdasyde
systems for dignguishingSaccaromycespecies from other yeasts relatedoemological
environment are based on selective growtredia and phenotypievaluation of colony
colour and morphology (i.e. on WL nutrient agar). They havegteat advantage to be
easy to pdorm and very bheapbut it was found thastrains of Scerevisiaecan form
colonies slightly diferent on these kind of mediand the morphological characteristics can
be unstable nder several multiplicationsThus this approach can not be considered
dedsive, sin@ possible variations at strdievel could lead to erroneous attributions. It is
therefore currently accepted thathenotypic analyses are not sufficient to reach a

trustworthy identificatior(Kurtzman and Robnett, 2003).

1.4.2. Selection of eatypical yeast strains

The main critics of the practice of guided fermentatiarsng starter cultures) dislike the

fact that thecommercial wine strains, de$pibeing numerous, possess venylinary
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characteristics. Commercial yeastagtis produce wies with averageualities and do not
enhance the aromatic trmitthat characterise many yeassolated from specific
geographical areas. $lies on the improvement and tiselection of wine yeasts to
overcome this problem have recently been carried out.

In the last few years, there has been an increasagofinew local selected yea$ts
controlled must fermentation in countries wahwinanaking tradition. Thouglhere are
commercial yeasts to accomplish mdstmentation, the use of locaklected yests is
believed to be much more effesti Local yeastsare presumed to be more competitive
because #y are better acclimated to thavironmental conditions. Therefore, they would
be better able to dominate tfegmentation and become the most importaatogical agent
responsible for thevinification. Selection of the appropriate local yeasts &ssuhe
maintenance of thgypical sensory properties of the winesguced in any given region
Strains ofS. cerevisiagan be isolated from vinexds and wne fermentations, argklected
to be used as commercial starter culturess lhow believed that strains &. cerevisiae
indigenous to vineyards and wineries tend to be homozygous forahts¢ genes by a
process known as ‘genome egral' (Mortimeret al. 1994) This process wouldliminate
the recessive lethal or deleterious genes #uhersely affect yeast fitnegs.g. slower
growth, lower fermentation rate, reducgubre viability, etc.). Genomenewal could also
be responsible for the replacemenit the parental heterozygoustrains by the new
homozygous diploids bearing new recessive alleles that incféasss. The practical
implications of genome reneWwand yeast population dynamids the vineyards and
wineries (and even within yeast gt cultures) are farreachingighether winemakers rely
on spontaneougermentation of grape juice awhether they inoculate grape must with
seleced wine yeast strains. Althougiamatic improvements in most characteristasrot
be expected, intratrainselection has been used for decades to obtainovep wine yeast
strains and istill, up to date, one of the most utilized selection strat¢&iestorius, 1999)
The selection of wine yeasts foenological use is traddnally carried out on the basis of
their technologicalind qualitylinked phenotypic caracteristics. For this purposgéferent

methodologies were designed.
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1.4.2.1. Screening methods based on fitness traits

The technological characteristics required to winaissrmay vary, dependiran themusts
and on the winemaking techniggiused. However, some of thebaracteristics, like high
fermentation vigour and leanol production as well as lo#,.S and acetic acid formation,
are of particular interestof the selection of any kind ddtarer strain (Giudici and
Zambonelli, 1992).

Recently a twestep procedure was proposed: a-gpekection based on resistanceSo;,
killer activity, growth at high temperature andwl foam production, followed by
selection bamd on volatile acidity, ethahoproducton, and residual sugarg\nother
methodology based on phenotypic charactesss carried on following fouconsecutive
steps: (1) fermenting capacity of theasts (2) formation of volatilacidity, resistance to
SO, production of HS, flocaulation capacity and adherenceglass (3) autolytic capacity
of theyeast; (4) foamig properties of the autolysateltained(Martinez et al. 2001).

The oenological traits can be evaluated by carrying out setle fermentations in
synthetic mediarad eventually in grape juice.

To assess both fermentation efficiency and fermentation vigour, weight loge @@
formation duringfermentation is usually followed: in particular Castelli in 1954posed
microfermentations in grape must enrichedglucose to a final content &0% (excess of
sugar) in flasks stoppered with sulplt acidcontaining valves (irorder to avoid water
loss), performed at 25°C. Semyears later, Ciani and Rosir(il990) proposed
microfermentations performed on gparized grap must where yeastultures were pre
incubated in grape must for 48 h.t&inatively, microfermentationsan be performed on
synthetic must as described Bgly et al.,(1990).In any casefermentation efficiency (the
uppermost conceration of ethanol atainable) iscalculated from weight loss at the end of
fermentatim (when no variations in weighdre observed for two consecutive days).
Fermentation rate is expressed as gram&0$ developed in 24 h, calculated as the
average of a-8ay measurement ped and followed during fermentation. Fermentation
vigour is normally expressed asof CQ, produced in the first 48 hours following the
inoculaion of the mustThe same of fermentation conditions (better if in eated natural

must) can be usdd testsuphur dioxide resistance: aftpasteurizationthe must is split in
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two: SQ as potassium metabisulpdiis added (usually to a finabncentration of 100
and/or150 mg/L) to one aliquot. Both Flasks are inocediaand incubated at 25°C. After
and 7 @ys the weight loss caused by £@oduction is determined, sulphitesistance is
obtained by comparison with flasks where no, &added SO, determination at the end of
fermentation in ursuphited must is also importan&bility to produce S@by sulghate
reduction is widespread amor®) cerevisiaenatural isolate, and no strains completely
unable to produce this anhydride hdeen ever described. Since production legélsome
particular strains arastonishing (up to 26800 mg/L and up to 500 mgiif sulphite are
previously addedo must), this character should be considered dutnagnsselection (S©

productionlower than 2530 mg/L is recommended. Zambonelli, 2D03

1.4.2.2. Screening methods based on quality traits

Some of these charactersdae studied using Petlishes containing the suitaldeowing
medium. Hydrogen sulphide produmnti is evaluable on ABY ori&GY agar at 25°C for
48 h [166]. The screening medium rculated with a small quantityf yeast biomass,
and, after incubatiorthe colour othe growing colony (white, paleazel, hazel, dark hazel,
black) is observed: the darkdhe colony appears the highsrthe HS quantity on BiGGY
agar. Analogously, acetic acid production canelaluated on calcium carbonate agar at
25°C during a period of 7 days incubatiothe presence of an halo around the colony
indicates strains producing higiuantities of acetic acid, which causes dissolutibn o
calcium carbonate salt on thgate. The acetic acid production is a stable characte
(Romano et al. 1998)ut it is influenced byhe must composition thus a quantificatidn o
acetic acid production duringermentation is also desirable. Alternativelpaper
impregnated with PbAcO tsaturation point can be used to carry out the caialécontrol

of H,S productionduring fermentations. At the end of microfarations (usually
performed forfermentation efficiency or fermentation vigour deternima), also some
other endpointproducts and byproducts such as ethaln acetic acid, succinic ca,
glycerol, acetaldehyde, malic acid can be determbyestandard chemical analysisPLC

or enzymatic kits. Finally, the presence of several glycosidic enzymes and the

quantification of theiractivity in oenological indigenous yeasts has bednodued as a
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test, in order teselect strains that contribute to enhance the primama of the regional
grapevine.

Yeast strains can be screened to determine the presebeglusiosidase andlycosidase
activities. Themosp o pul ar s cr egricosidasg activeysgarried out on agar
plateswith arbutin as substratgeast isolates that possdlke proper enzyme are able to
hydrolyse the substrate and a dark brdvato develops in the agar medium. Glycosidase
activities can be determined by using thppropriate 4nethylumbelliferyl glycoside as
substate, as described by Manzanae¢sl.(1999) The presence of the enzymatic activity
is then visualized as a flu@eenthalo surrounding yeast growth after plate exposutgV
light. Alternatively, thesame 4MUG substrates can be used to perform &= in liquid
growing media (Fiat al. 2005)
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1.5 Aim of this work

The wine fermentation is a complex ecologiead biochemical process involving the
sequentialdevelopment of different yeast species. The main function is played by
Saccharomyces cerevisjahe species more tolerant to ethanbdt catalyses an efficient
conversion of grape sugar into ethanol, carldioxide and other minor, but important,
metabolites. In the past few years there has been a noticeable increase in the demand for
autochthonous wine yeasts to be used as fermentation starters. The requirements for these
yeasts are the ability to domiraduring the fermentation process, and enhance, at the same
time, the sensorial characteristics of the wines originating from different grapevine
cultivars. In fact if commercial yeasts enable rapid and reliable fermentation reducing the
risk of stuck andsluggish fermentations, they are ineffective in exalting the sensory
properties of the regional wines losing the typitatoir character. On the contrary the
autochthonous wine yeasts aredigenous strains isolated from natural grapevine
environments,hey are supposed to be the performers of spontaneous fermentations in the
winemaking areas of origin, thus they can be selected for improvintgtiar of local

wines. Moreover they are often the starting point for a wine yeast selection programme as
spmtaneous fermentations in cellar are nowadays replaced by gfaided vinification

using selected strains in the form of active dried yeasts.

In this work results of thgeast selection program for the identificationanftochthonous
wine yeasts to baised for the vinification offiLison-Pramaggiore bianc¢owine are
reported.From samplings in vineyargerforming single grapbunch fermentationwine
yeass wereisolatedand characteredd by means of molecular and glological methods.
This traditiond wine wasproducedmainly in the NorthEast of Italyfrom a grapeine
variety Toca friulano. Till few years agoits name was Tocaione of the most popular
wine in rorthen Italy. In recen yearsHungary clamed the name Tokaj (and similar) to
European Wion to be used exclusively to define the wine produoeHungary with the
homologous grapevine. So the ltaliamne had to change its denamation in fiLison-
Pramaggiore lanca the productpublic imagesuffered some serious damage dhd wine
lost itsidentity. In this context the yeast selectiparformedexclusively onthe territory of
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origin of the ancient Tocai (now included in the DOC area LiBoamaggiorepecame a

tool for reinforcing tre identity of this local wine.

To investigate alternativecological niches that cape a yeasts source contributitm
understand the actual level of biodiversity in natural enwremnt, samplings from vine
bark were performed.The wine yeast collectedwere genetically characterized and

compared to the ones frograps.

Moreover esults about strains biodiversity vineyardfrom DOC LisonPramaggiore and
two otherwinemaking regions locateid Northern Italy(DOC Prosecco di Conegliario
Valdobbiadene and Piavaye reportedBy means of ntochondrial and miasatellites

DNA analysis genetic differences and phylogenetic relationships were underlined.

Finally the characterization of yeast populations present in -ggrage musts and during

the early stage of alcoholic fermentation that occur in manufacturirigiotro Passito

wine is reported. This aditional wine is produced in Noitkast of Italy using grapevine
variety of Raboso piave. By means of conventional and molecular methods yeast species
were identified and phenotypically characterized checkiolgrieal traits that influence the
quality ofthe wine produced with high sugar grape must. The effect of addedtssilph

yeast population was also evaluated.
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2. Selection of aitochthonous wine yeats
iIsolatedfrom vineyard

In Lison-Pramaggiore DOC area
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2.1 Introduction

During the past few years there has been a noticeable increase in the demand for
autochthonous wine yeasts to be used as fermentation stihteysareindigenous strains
isolated from natural grapevirenvironments thaare suppsed to be the performers of
spontaneous fermentations in the winemaking areas of origin, thus they can be selected for
improving theterroir of local wines.The requirements for these yeasts are the ability to
dominate during the fermentation process, anttance, at the same time, the sensor
characteristics of wines originating from different grapevine cultivars. In fact while
commercial yeasts enable rapid and reliable fermentatemtucing the risk of stuck and
sluggishprocessesthey are ineffectivén exalting the sensory properties of regional wines
losing theér typical terroir character.

In order to isolate new autochthonous yeast strains to enhance typical characteristics of the
Lison formerly Tocai)wine, sampling of single bunches of Tocaililto grape variety was

performed irthe Lison-Pramaggiore DOC area.

2.1.2 The Tocai Italico grape variety

The Tocai Italico grape varietyas great vegetative force and good production, its bunch of
grapes is of medium size, with irregular shape, likeruecated pyramid; it is rather
compact with two small wings. The grapes are round and their thin and fragile skin is green

or yelow, accordingo the clongfigure 2.1)
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Figure 2.1 Tocai Italico grape bunch

The leaves arenediumlarge, thredobed, with lyre-shaped petiolar sinus closed, lobes
slightly overlapping; flap foldedup, with lower surfacénairless

The wine obtained from these grapes, named Lison, is seedow with greenish hues.
The scent is fine, delicate, moderately aromatic. @ktetis pleasant, full and well rounded
thanks to the low fixed acidity contewith quite distinct bittr almondsaftertaste The
Tocai produced isomeareaof DOC LisonPramaggiorewith the oldest Tocai traditigris
decorated with the title "Lison Glaico".
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2.2 Materials and methods

2.2.1 Strains selection in LisorPramaggiore area

During the project were analyzed a total of 835 natural yeast isolates from grapes bunches
and 249 bark portion of Tocai Italico variety.
To each sample was agsed an alphanumeric code: XYZ.

Xis a letter (T = sample coming from bunches, TT = sample caming from bark portions);
Y corresponds to the sample sequence number;

Z corresponds to the colony sequence number isolated from the sample.

2.2.2 Culture mealia and growth condition

Media

Wallerstein Laboratory (WL mediunmutrient agar (Green & Gray, 1950).

Suspend 75 g WL nutrient agar (Oxoid) in a liter of distilled water.

Sterilize by autoclaving at 121 ° C for 15 minutes.

YM agar medium

-3 g Lt yeast extract (Oxoid);
-3 g L' malt extract (Oxoid);
-5 g L vegetatone peptor(®IFCO);
- 10 g L* glucose(PROLABO)

Adjust to volume with distilled water. Sterilize by autoclaving at 121 ° C for 15 minutes.

YM solid agar medium
-3 g L yeast extrat (Oxoid);

-3 g L' malt extract (Oxoid);
-5 g L vegetatone peptor(®IFCO);
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-10 g L* glucose(PROLABO)
- 16 g L™* Bacto Agar (DIFCO).
Adjust to volume with distilled water. Sterilize by autoclaving at 121 ° C for 15 minutes.

YPD (Yeast Extract/@tone/Dextrose)
10g L™ yeast extractOXOID)

20g L™ vegetatone peptor(®IFCO)
209 L glucose(PROLABO)

Adjust to volume with distilled water. Sterilize by autoclaving at 121 ° C for 15 minutes.

Synthetic nutrient medium (NSM) (Delfini, 1995)

Macronutrients

0,1g L CaCl2

0,1g L NaCl

1gL*t KH2PO4

0,5g Lt MgSO4A7H2O0
3gL? tartaric acid

Micronutrients

02myL! NaMoO4A2H20
04ngLl* ZnSO4A7H20
0,59 Lt H3BO3

0,04 ny L™ CuSO4A5H2O0
01mg Lt  KJ

04ngL* FeCl 3A6H2O0
04ngL* MnSO4AH2O0

Vitamins

40 @L% pyridoxinehydrochloride
4 0 @L%E thiaminehydrochloride
2 0 0@L* ¢ Inosite
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2 0gLe Biotin

40 @LE Calciumpantothenate
40 @LE Nicotinic acid amide
20 @LE P-aminobenzoicacid

Variable components

0,3gL? (NH4)2S04
0,3gL? (NH4)2HPO4
200g L™ Glucose

0,2g L* HydrolyzedCasein

Prepare the micronutrients and vitamins in a 100 times concentrated agueous solution and
use the 1%. Dissolve all components in distil water, adjust the pH with KOH of the

resulting solution to pH 3.2. Sterilize by autoclaving at 100 ° C for 5 min.

Solution

Ringer Solution for dilutions (1/dtrenghf Dept. of Health & Social Security, 1937).
Dissolve one tablet preparation (LAB Mytérnational Diagnostics Group) in 500 ml of

deionised water. Sterilize by autoclaving at 121 ° C for 15 minutes.

Growth conditions

The yeast strains were grown at 25 ° C, the liquid cultures, for fermentation inoculum, were

subjected to agitation of 13&cillations per minute.
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2.2.3 Yeasts sampling and isolation from vineyards

Grape bunches isolation

Samplig:

The sampling was carried out by collecting the Tocai Italico grape bunches in the DOC
Lison-Pramaggiore area, some days before harvest.

Within each vineyard, the vines were chosen farther away from roads and buildings (as
potential commercial strains contamination sources) choosing bunches on the bottom,
ripened as possible and not infested with visible msuld

The collection has been made, atle stage, avoiding touching the grapes with hands and
sterilizing scissors periodically in order to minimize contamination.

Stomaker sterile bags were used, filled with about8@D g of grapes (corresponding to

one or two bunches, depending on size) @daded for the laboratory transport.

Samples collectenh the vineyardvere transferred tthe laboratorywhere 8g of sugars (4g

of fructose and 4@f glucose corresponding to 266 grapes weightand 50@1 of sulphur
dioxide at 3% Vlv, to facilitate thedevelopment ofSaccharomycesensustricto yeasts,

were added

Bags was closed with a foam rubber cap previously sterilized in order to avoid the increase
of pressure inside the bag, while maintaining the internal environment isolated from the
outside. Bach sample was then manually pressed and left to ferment spontaneously (at room
temperature) for 2 to 3 weeks with skins, stalks and pips.

The fermentation process was monitored by measuring, for each bag, the daily weight loss.

Yeasts isolation

After fermentation, 5 mlof the mustwere took from each bag, and 6 serial dilutions (1:10)

were performed on Ringer solution. 100 ¢l of
medium.

After 5 days at 25°C, colonies counting was performed and 16 colonies with

Saccharomycesike morphology were randombtored.
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2.2.4 Yeast isolates storage and purification

After the coloniesdetermination ofSaccharomyces sensu strigmup, by the multiplex

PCR Sacl&ac26, all the colonies confirmed belonging to the groegewgrowth on liquid

YPD medium for 24h at 25°C, then centrifuged and resuspended in 2 ml of a sterile
solution composed of half YPD medium and 40% of glycerol. The vials were stored at
80°C.

2.23 DNA amplification
2.23.1 Sample preparation for DNA ampification
Yeast colonies (12mm diameter), grown foriB days, were picked up with a sterile

toothpick from YM plates and resuspended i
tubes. Two microlitres of the suspension were used for PCR amplification.

2.2.3.2 SAC26 SAC18 multiplex PCR
Saccharomycesensustricto colonies identification was performed by adopting rtiethod

developedoy Nardietal. 2006.The variouscomponent®f the reaction mixturevere used

in the followingfinal concentrations
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Table 2.2.1PCR master mix composition

Primer SAC26F 0,2 eM
Primer SAC26R 0,2 eM
Primer SAC18SF 2 eM

Primer SAC18SR 2 eM

dNTPs (Amersham) 200 eadhorfe

Taq polimerasi (Promega) 0, 02 U/ ¢ |

Buffer 1X

DNA 2 eellular suspensio

Primers utilized are reported below (table 2.2.2).

Table 2.2.2Primers for SAC26SAC18 amplification

Name Length Sequencg5s-3)

SAC26F 22 nt GAGAGGGCAACTTTGGGRCCGT
SAC26R 27 nt ACCATTATGCCAGCATCCTTGACTTAC
SAC18F 23 nt CTGCGAATGGCTCATTAAATCAG
SAC18R 25 nt CCCTAACTTTCGTTCTTGATTAATG

The thermal protocol waséhfollows:
Initial incubation at 94°C for 5 min to allow cell lysis and DNA denaturation, followed by
35 cycles composed of denaturation at 94°C for 15 s, annealing at 54°C for 30 s and

extension at 72°C for 90 s. A final extension step was added atf@i28C@nin.
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Amplified samples were run on 1,2% agarose gels vith 1  fgethicilim bromide.
The running was performed withBE 0,5X (44,5 mM Tris, 44,5 mMoric acid 1 mM
EDTA) on a potential difference of 5010 V.

Digital images were acquired witlan EDAS290 image capturing system (Kodak,
Rochester, NY).

2.2.4Mitochondrial DNA analysis

2.2.4.1 Yeasts total DNA extraction

Yeasts coat obtainedn YM agar medium, growing yeasts for 48at 25 °C, was
resuspendeth 1 ml of sterile waterand thercertrifugedat 14000rpm for 3 minutesin an
Eppendorfmicrocentrifuge After fluid discarding the cells wereesuspendeth 500¢ lof
a solution containing0 mM Tris-HCI, 20 mM EDTA, pH 7.4 andtransferred to & ml
Eppendorfcontaining 0.3 g of glass beads of 42%00 ¢ m(Sigma) and vortex for 3
minutes.5 0 ¢ 10% 80OS were thenaddedto the samplesthat wereincubatedin a
themostaticbathat 65C for 30 minutesAt the end2 0 0 of potassium acetat&M were
added andhe samplesvereleft on ice for30 minutesThe tubesverecentrifuged ai4000
rpm for 10 minutes600¢ | supdrnatamvastransferred to akppendorftubeand 600¢ |
of cold isopropanolvereadded. The samples wetept at room temperatufer 5 minutes,
stirring by inversionand thencentrifuged att4000 rpm forlO minutes The supernatant
wasremovedand 500 lof 70% ethanolereadded After centrifugatian at14000 rpm for
10 minutesand the supernatant discardirtige pellet wasdried for 1 h at37 ° C. The
samples wereesuspended iB 0  esterileowfaterto which1.5¢ (10 mg/ ml) of RNase
(AmershamBioscienceE701947 were added. The samplegreleft at room temperature

for 1520 minutes andinally stored at20 °C.
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2.2.4.2 Total DNA enzyme restriction

Thetotal DNA digestionswvere performed il5 ¢ lof volumesreaction containind0 U of
Hinfl enzyme(Fermentas) antiOe bbf extracted DNAThe reactionsvere performeét 37
°C for 2h.

2.2.5Yeasts species identification by ITS5H,8SITS2 region amplification and RFLP
2.2.51 Sample preparation for DNA amplification
Yeast colonies (I2mm diameter), grown foriB days, were picked up with sterile

toothpick from YM plates and resuspended

tubes. Two microlitres of the suspension were used for PCR amplification.

2.4.2 ITS15,8SITS2 region amplification

The variouscomponentsof the reaction mixtwe were usedin the following final

concentrations

Table 2.4.1PCR master mix composition

ITS1 2 M
ITS4 2 M
dNTPs (Amersham) 200 eadhorfe

Taq polimerasi (Promega) 0, 02 U/ ¢ |

Buffer 1X

DNA 2 eellular suspensio
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Primers utilized are reptd below (table 2.2).

Table 2.4.2Primers for ITSATS4 amplification

Name Length Sequencé5-3")
ITS1 19nt TCCGTAGGTGAACCTGCGG
ITS4 20 nt TCCTCCGCTTATTGATATGC

The thermal protocol was the follows:
Initial incubation at 95°C for 5 min to allocell lysis and DNA denaturation, followed by
35 cycles composed of denaturation at 95°C for 30 s, annealing at 53,5°C for 45 s and

extension at 72°C for 90 s. A final extension step was added at 72°C for 5 min.

Amplified samples were run on 1,2% agargsds with 0 , 1  @fgethisilim bromide.

The running was performed withBE 0,5X (44,5 mM Tris, 44,5 mMoric acid 1 mM
EDTA) on a potential difference of 5010 V.

Digital images were acquired with an EDAS290 image capturing system (Kodak,
Rochester, M).

2.4.3 ITS14 RFLP analysis

The amplification products of the region ITS1-5,8SITS2 of rDNA were
digested with enzymes Haelll and Mael (Amersham). The digestions were
performed in 20 ¢l volumes reaction containingl0 U of enzymesand 10 ¢l

of the ampfied. The reactions wereonductecat 37 °C for 16h.
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2.5 Fermentation surveys on Synthetic Nutrient Medium (NSM) (Delfini, 1995)
2.5.1 Yeasts inoculum preparation

Yeasts were growfor 3 days on YM solid mediuniThe culturesobtainedwere usedo
inoculatel0 ml of YPD liquid medium The tubesvere left inincubationfor 30 hours a25
°C, movedto obtain aculture on stationary phasdapproximately10’-16® cells/m)

measuredby spectrophotometODgoo between Jand 8)

2.5.2 Test preparation

Basedon theOD of the respectivere-inoculation,for each strairthe culture volumego
obtained a final OBy of 0.5 @pproximately 10 cells/m) in 100 ml of medium at the
beginning offermentation, were calculated.

Each strain was inoculated in 10 mtErlenmeyer flask sealed with silicon cap and
supplied with a bowed glass pipette and filled with 100 ml of synthetic must (Delfini,
1995). The advantage to use the synthetic must than the natural, for a first physiological
assessment, is to enable a fullyntol of the development setting, and to facilitate
significantly the daily growth monitoring operations.

The medium wasterilized by autoclaving at 100 ° C for 5 minutes.

Alcoholic fermentation development was controlleg measuring the weight loss dail
from the beginning to the end of fermentation procéks. fermentations were considered

completed when weight loss was lower thahd@within 24 hours.
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2.3 Results and discussion

2.3.1 Grape sampling ofSaccharomyces sensu stricgto the Lison-Pramaggore area

The sampling took placguring the pre-harvest periodn 2009 and2010rom 3 to 7 days
before harvestThis period was chosen to avoidollection of contaminated grapely
selected yeastm the vineyard reached by agricultural machindwying grapes harvest
(Valeroet al, 2005).In fact, the wineries in the area have been using commercial strains
for a long time because of thegpid and reliable fermentatiarapabilities thatedue the

risk of stuck and sluggish fermentations. Yeastsaisoh startingfrom single fermented
bunches, not only reduces possibtstaminatiordue to the presence of commercial yeasts
in vineyard, butcould alsoallow to isolatepoorly competitive strains but with interesting
quality characteristics sgch asenhlancement of primary aromas and production of
secondary flavours).

Sampling was organized in order to cover the whole areheoDOC LisorPramaggiore
evenly, but access to the vineyards requires a precise geographic knowledge of the territory.
For this reason at this stage, the technical collaboration of the -Pisomaggiore
Consortium,that contacted several wineries task for their collaborationand then also
coordinatedsamplingsin the vineyards, was needed.

Forty-six wineries contributed to the yeasts selection progrdm. evaluate the
representativeness tife samples collected, their distribution theterritory was analyzed
evidencinghat the 193 samples collectedenlycovered the entire DOC area, including the
Lison-Classico macr@rea thats considered the most valuable zone.

The samplings were germed at the following sites (tab®3.1):
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Table 2.3.1 Sampling distribution in the DOC Liselrramaggiore area.

SITES N° OF GRAPE BUNCHES WINERIES SAMPLED
Annone 9 2
Belfiore di Pramaggiore 22 7
Cinto 3 1
Fossalta di Portogruaro 25 6
Giai Anrone Veneto 7 2
Lison 38 9
Loncon 45 8
Lorenzaga di Motta di Livenza 3 1
Motta di Livenza 11 3
Pramaggiore 10 3
Salvarolo 11 2
San Stino di Livenza 6 1
Sumaga 6 1
TOTAL 196 46

In 2010, twelve more bunches were collected from two wineries ttaMio Livenza and
Lorenzaga sites, already sampled the year before. Hence a total 208 of bunches distributed
in 13 different sites were considered for the present stBaged on these data we can say

that sampling evenly covers the area considering bwthgeographic features that the

localization of production areas.

2.3.2 Yeasts isolation

Bunchescollectedin the vineyardwere transferred tthe laboratorywhere 8g of sugars
(4g of fructose and 4@f glucose corresponding to 2% grapes weightand 50&I of

sulphur dioxideat 3% Vlv, to facilitate thedevelopment ofSaccharomycesensustricto

yeastswere added inteachplastic bagsThis taxonomic groups the mostmportant from
atechnological point of vievibecause it includesll yeasts withthe bestechnological and
enologicalfermentation features thatre the target of the selection progrdm addition,

this yeasts groups more resistanto SGQ thancontaminantpiculate yeastthat generally
dominatethe first stagef spontaneoutermentations

Sugarswere addeds a nutrients source to supperll the developmendf the microflora
because grape$aving beencollected earlier, had not yetreachedthar optimal sugar

content.
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The samplesvere left to fermentspontaneoushand duringthis periodther weight loss

was monitored The fermentationwas considereccomplete whenthe sampls weight
remainedconstant At the end of fermentatiorsuitabledilutions of fermented juice were
plated on selected WL mediadigenous yeasts were lated and, by means of plate count,
yeasts concentration in fermented musts was determined to be on a rande16f 10
CFU/ml. The WL (Wallerstein Laboratory) proposed in the fiftes Green and Gray
(1950) for the detection of yeast contaminants in Ipgeduction processontains a dye,
bromocresol green, whicks differenly absorbed by yeastsStrains belonging to the
Saccharomyces sensu striggooup scarcely absorb thaye and therefore the colonies
showcolours from cream to light gregtiheyareopaque and have a smooth creamy texture.
The use of this growth medium was also proposed for the wine industry (Cavazza et al.,
1992).1t was observed that the main vineyard yeasts have the ability to absorb the dye very
well: the genusHanseniasporathe most commonlyfound on grapes, grown on WL
medium, assumes a deep green aolaistinguishable from theéSaccharomyces sensu
stricto group (Figure 3.1).

Therefore, orthe basis of colongspectthe Saccharomycelke isolateswere considered

for furthercharacterization.

Figure 2.3.1 Different yeast colopmorphologeson WL mediumA) Typical Saccharomyces sensu stricto
colonies morphology; BApiculate yeasts (greerolonies.

From every bunch fermented, a maximum of 16 colonies v@ttcharomyces sensu

strictoi like morphologies were collecteBinally a total of 835 colonies were isolated.
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2.3.2.1Saccharomyces sensu stricabbundance and distibution in the sampling

For unambiguous identification of th®accharomyces sensu stricgeasts isolates, all
colonies collected from the two samplings were analyzed by molecular meHuwdis
purpose the group has developed a method for Shesens stricto group genetic
identification based on anultiplex PCR (Nardi et al., 2006Y.he method provides the
ability to discriminate this yeast groufrom other yeasts present in the enological
environment on the basis of nucleotide differences within DNA region coding for
ribosomal RNA (rDNA).The D1/D2 region of 26S DNAs the stretch thatarries more
information about the differences between yeast spelrieGenBankinformation on the
sequence characteristio$ the D1/D2 region ofmany yeastspecies are presentlt was
therefore possible, according to a multiple sequence alignment (CLUSTALW), to ydentif
the presence of two small highly conserved regisitsin the sensu strictaggroup that are
sufficiently different from the other speciksown The two stretches of DNA were used to
construct the amplification primers (Sac28)second pair of primers (Sac18) was designed
to be used as an internal amplification contiidie 18SrRNA sequencéias a very high

conservation levehmongall yeasts spaes (Figure2.3.2).

it =

18s rDNA ms I ITs 265 rDNA NTS NTS 18s rDNA
Sactl i > Seiste g

Figure 2.3.2 DNA region coding for yeasts ribosomal RNR:imers position fofs.sensu strict@entification
are shown.

The method has been tested on all strains belongiSgd¢oharomyces sensu stricfmup,
Saccharomyces sensatd and a selection of species (17) of enological intefidst. results
achieved confirmed that the method correctly discrimin&&scharomyces sensu stricto
group from other wine yeasts. In particular the first produce @wplification DNA
fragments (o#60 and 862bp length) and the other dhly control862bp fragmenthat can
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be easilydetectedon an electrophotie agarose gel (Figure.24). This protocol for the
identification of S. sensu strictis extremely fast because it allows the amplificatif
genomic sequences, with no DNA extraction and purification procedures, but &iorply

heatlysed cells.

el 2 3.4 5 6 7 8 990

Figure 234 Multiplex PCR M molecular weight standard (100bp, Amersham Bioscience
S. sensu stricto:1) S. bayanus 2) S. cariocanus 3) S cerevisiag 4) S. kudriavzevij 5) S.
paradoxus 6) S. pastorianus 7) S. mikatae Ssensu lato 8) Sbharneti, 9) Sbhulder, 10)
S.servatii

The multiplex PCR attested that 23% of colonies (195) of the 835 collected from WL
medium areSaccharomyces sanstricto. All positive colonies were recovered frob3
fermented bunches, which represent 8,6% of all bunches collected.

The yeasts selection program that involved the vineyards of {Hsamaggiore wine
region was the third one conducted by the Miatdgy group in the Venetdregion
(north-east Italy) after yeast isolations from Prosecco (now called Glera grape vamety)
Raboso Piave wine areaspast yeargform 2004 to 2007). Comparing the results obtained
on sampling conducted in the Lis@tanaggiore area with those obtained in the two other
areasa cleardifference between the red variety (Raboso Piave) and the two white ones was
observed.

Theresults are reported in Table32

Table 23.2 Yeast isolation in the three winemaking areas.
Areas Grape bunches Grape bunches  Saccharomyces  Saccharomyces
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containing sensu stricto sensu stricto

Saccharomyces (Multiplex PCR) diffusionon

bunche&)
Prosecco 354 30 296 8.5
Raboso Piave 78 54 260 69.2
Lison 208 18 195 8.6

The two white wines, ilson (coming from Tocai Italico grape variety) and Prosecco (how
called Glera grape variety), despite the large number of grape bunches sampled compares to
Raboso,gave a much lower number ofbunches that contained yeasts belongingtte

Saccharomycesessu strictayroup.

2.3.2.2Geographic distribution of samples withSaccharomyces sensu stricto

Observing the geographic distribution of grape bunches sampled, a higher concentration in
the Lison Classico areadnsistingprincipally by Annone Veneto, Pmaaggiore, Lison,
Loncon, Salvarolo, San Stino di Livenza and Sumaga sites) was observed, and indeed 119
of 205 samples collected were from that area, that is 58% of the total. This is due to the
greater distribution of Tocai Italico grapes in the LisonsSieo area tham all the othes

of the DOC LisorPramaggiore, because of historical and pedoclimatic factors.

All sampled areas had a low concentration of samples contefiagnsu strictdn more

than 50% of the sites seven out of thirteemo Sacbaromyces strains were recovered
(Figure 235 A).

Interesting data @re found observing samples collected in the Lison Classico area, which
include 9 sampledsitesout of 13 in total (only Cinto, Fossaltadi Portogruarp Motta di

Livenza and_orenzagasitesare completely excludgdThis areaalthoughit was the most
sampled gavethe lowest numbes of bunchescontainingSaccharomycesee figure2.3.5

A).

Observing the positive samples collected in the other two surveys, a low number of positive
sites wee observed also for the Prosecco area, where only 11 sites out of 37 sampled gave
relevant results (figure 2.5 B). This area was subdivided into two subareas

(Valdobbiadene and Conegliano) because of the differences in thelpadac factors.
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On theother hand, in the Raboso argastof bunchesontainedyeasts belonging to tHe.
sensu strictaggroup, with 11 psitive sites out of 17 (figure 28 C). Therefore this grape
variety seems to better preserve yeasts presence.
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Figure 2.3.5 Frequency of sites containing samples with yeasts belongiBggensu strictgroup (violet)
and without (light blue) in the Lison area (A), Prosecco (B) and Raboso (C)

2.3.2.3mtDNA restriction fragment length polymorphisms analysis (RFLP)

To obtain a strakspecific characterization of the isolates identifasiS. sensu strictpa
methodproposed by several authorgs chosen (Querol et al., 1996®pez 2001).This
method uses mitochondrial DNA restriction fragment length polymorphisms analysis
(mtDNA-RFLP) by enzymatic digestion of total DNAhe methods simple and yields
results within2 days. This technique has successfully been used by other authors to
characterise strains of other yeast species (Martgtezl 1995 Romanoet al 1996;
Guillamon et al. 1997)

This is the most commonly genetic toded for characterizing th®. sensu strictgroup,

in particular byusigthe Hinfl restriction enzyme (Lopez et al., 2001, Schuller et al., 2004).
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Restriction profiles obtained were compared by the GelComparll (Applied Maths) software
that allows, by a ntax construction, to calculate the similarity level between strains and to
drawit in a dendrogram.

The mtDNA RFLP analysis was conducted for all 195 isolafethe Lison area and
confirmedthey all were Saccharomyces yeasts

Dice similarity coeffigent, which considerslectrophoretic bands positigrbut not their
intensity was used for the matrix construction. Moreover, for the dendrogram construction,
determined by the UPMGA method, the "optimization” and "tolerance" values, which
determine thevariability level ofthe sameprofilesamong replicateswere thosehoserby

the program. Under these conditions (optimization: 1.17%, tolerance: 1.5%), the analysis
on the FR95 (Blastosel, Perdomihicommercial strain conducted repeatedigutinely

gavea similarity degree of 100%,.

The mtDNARFLP analysis evidenced the presence of only 17 diffenerfiles, which are
considered as differestrains from the analysis of all ti®5 isolates, 10 coming from the
survey conducted in 2009 and otheratirthe samplinglonein 2010

Cluster analysis was performed by adding seventy commercial oenological strains and
electrophoretic profiles comparison showed in one case 100% similarity with the profile of
acommercial strainThis profile belongs to a elugical yeast(the Mycoferm611) widely

used in the Lison area. Furthermoome profile was found in four fermented bunches
coming from differenwvineyardssampled during the two harvest campaigns, so this profile
can be considerethe more present in ttarea.

Comparing the results obtained in the Lison area with those achieved in the two surveys on

different grape varieties, the Lison has towest profiles rate (table323).

Table 23.3 Yeast isolation in the three areas.

Areas Grape  Grape bunches with Sacchromycessolates ~ mtDNA
bunches Saccharomyces (Multiplex PCR) profiles
Prosecco 354 30 296 37
Raboso Piave 78 54 260 130
Lison-Pramaggiore 208 18 195 17
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Saccharomycestrains biodiversity was notably higher on grape bunches of the redyvar
Raboso Piave. The 69% btinchescontainedSaccharomycestrains. On the other hand
only the 8,5% and,6%, of Prosecco and Lison bunches cari@stcharomycegeasts.
Moreover in the Lison area only in one sample two different yeadilgs were resued,
while in Raboso the 37% of positive samplgsve four different profiles. Tie Prosecco
situation is rathesimilar to Lison, with 73% of samples that contained only one single
profile. To explain this result an interesting hypothesis focuses orfispieatures of the
grape. In the case &aboso, the grape peel is thick ameincemore resistant to pest attack
than Prosecco and Lison, therefore this vine variety needs less fungicidal tregtrmaent

couldaffect survival of yeasts in vineyard.

2.3.24 Species identification

Further genetic investigation was conducted to identify the spewiglsin the
Saccharomycegenus,among the strains selected in the Lison aneaing different
mtDNA profiles.

As for previous genetic investigations, also instluase the DNA region coding for
ribosomal RNA was consideredh particular the DNA trait between the two coding
sequences for the 18S and 26S subunits, was stddiedtrait encodes for the 5.8S rRNA
subunit and contains two flanking areas called rirdke Transcribed Spacer (ITS)
particularly interestindgor their high sequence polymorphisiigher thangenes encoding
for the 18S rRNA and 26S subunits (@aal.,1996; Jamest al, 1996). This variability is
extremely high between organisms belangio different species, but is very low within
strains of the same specidsis intra-specific polymophisms can be highlighted by means
of the ITS region amplification and subseqt restriction profile analysis bgppropriate
enzymeg EsteveZarzosoet al., 1999).Several authors have chosen thadll restriction
enzyme to study enological yeasts (Baleiras Cetitd., 1996; Estev&arzosocet al, 1999;
Las Herasvazquezet al, 2003; Naumovat al, 2003). This enzyme was tested on several
referencestrains and allows to divide the species belonging tesémsu strictaroup into
two

subgroups in agreement with their genetic similarity (Kurtzman, 1998). The first group
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includesS. cerevisiagS. paradoxuandS. cariocanusand the secondontainsS.bayanus

S. pastorianusS. mikataeandS. kudriavzwevii(figure 23.6).

The enzyméViael was proposed for the first time by Mc Culloghal. (1998) to separat8.
cerevisiaefrom S. paradoxus Since the introduction of the three newnsteuropean
speciesin the S. sensu strictogroup .kudriazevii, S.mikatae, S. cariocanusas
successive (aughanMartini 1998, Naumovet al. 2000, Rainieriet al. 2000, the S.
cariocanus Makrestriction pattern was investigatedhis enzyme discriminates between
S. ceevisiaeandS. paradoxusS.cariocanuspecies.

The analysis performed on all strains with different mtDNA profiles demonstrated that All

belong tothe Saccharomyceserevisiaespecies

M1 2 3 4 M

Figure 2.3.6 Separation obomeSaccharomycespecies by ITS analissusingHadll enzymatic digestion.
Lane: M, marker 100bp (Amersham Bioscience)S1mikatag 2, S. paradoxus3 S. kudriavzwevji4, S.
cerevisiae

2.3.3Technological strains characterization in synthetic must

After isolation and genetic charactetiom, the secondstep of selection was the
identification of strains with interesting technological characters. To evaluate the
fermentative performance of the isolates, a representative for each electrophoretic profile
obtained by the mtDNARFLP charactezation, excluding thestrainwith a profile equal to
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thecommercial onewereinoculated in synthetic must (Delfini, 1995) under conditions that
simulate enological settingn addition to the & different Lison isolates, oneommercial
strain €C111§ commonly used for wiamaking, asinternal control and comparison
functiors, was added

Each strain was inoculated at a concentration of about’S5€FJ/ml in a 100 mkt
Erlenmeyer flaskclosedwith a silicon cap supplied with a bowed glass pipette and filled
with 100 ml of synthetic mugtDelfini, 1995). The advantage to use synthetic muigt
respect to natural juicéor preliminarphysiological assessmenis to standardize growth
conditions ando facilitatesignificantlydaily growthmonitoring operatns.

In particular the fermentative vigour, corresponding to the quickness of a strain to start and
close the fermentative process, was evaludteglas estimated by measuring flasks weight
loss after 2 days from the start of the fermentative proéesgherimportant charactes

the fermentative powewhich is themaximum ethanol amount produced yBasts during

the fermentation of a mustith an excess of sugar This feature could be evaluated
because the fermentatiamas performedn synthetic muswith sugar concentration of
200g/l, that is thestandardsituation to evaluate the fermentative vigour, g low to

check the maximum alcohol productitimat requires300 g/l of sugar(Delfini, 1995). In

fact, literature data report that the majorifystrains belonging to th8. cerevisiaspecies
isolated in nature exhibits an excellent ability to produce ethanol that normally reaehes 14
15%v/v (Vincenziniet al., 2005).

Observingfermentation kinetics, all isolates tested completed the alcoleslicehtation
developing approximately 12% of alcohol and consuming all the sugar available. Only 2
strains (T317.2 and T411.10) were not ableide all sugarMost of the strains tested had
behaviours very similar to the commercial strain EC1118. In szases the ratef sugars
consumption seeedto be even higher than that shown by the commercial strain under the
same experimental conditions. In general most of the yeasts tested (15 outenfealgd

to have good fermentation characteristics (kinetmisshowed).

Considering the fermentative vigour, calculated as grams of glucose consumed after 2 days
by the formula: sugar metabolized = weight losses *2,118 (Delfini, 1995), the relative
frequencies observed, were plotted in the histogram in figbrdvRst of the isolates are in

a class that includes intermediate valweth glucose consumption on the range e3 2
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g/100ml. Six straingncludingthe commercial strain EC111Bave a glucose consumption
over 3g/100r with onereachingmore than 5gQ0m. In contrast only 2 among 17 strains
tested(T411.10 and T317.2) showed very poor performance (glucose consumption less
than 2g/100 ml). To better analyse the fermentative vigour ohstraolated in the Lison
area,frequenciesare compared with tlse obtained from Proseco and Raboso surveys
(figure 23.7).

Prosecco fermentative vigour

Lison fermentative vigour os e
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Figure 2.3.7 Fermentative vigourelative frequencies obtainech Lison(pink), Proseccogreen) and Raboso
strains (red) fermented in synthetic must.

The strains coming from Lison have ahbeiour similar to those selected in the Prosecco
area, that have a glucose consumption between 2 and 3g/100ml. Therefore these strains in
the first 2 days have a maximum fermentative vigour of less than 4gl1B@imoso strains
behave very differentlyin fact they have better fermentative kinetics with an high glucose
consumption during the first 2 days of fermentation with an average over 5g/100ml. There
are 13 out of 130 strains with a glucose consumption over 6glEi@honly 2 strains in a

range beveen 33,49/100nhthat is the lowesmeasured

Moreover glucose consumption after 7 days of fermentation was analysed. The mean value

registered on Lison strains was 12,8g/10vith a standard deviation of about 2g/100m
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Only strain T317.2 hdha verylow glucose consumption value (8g/10Qraonfirming its

low fermentative capability. Three strains exhibited high glucose consungamability
with more than 15g/100imike the commercial EC1118 strain. The highest value was
registered for T415.1 whicltonfirmed to have the best fermentative power. Also in this
case, glucose consumption after 7 days of strains from Prosecco and Raboss aseds,

for comparisonf{gure 23.8).

Prosecco glucose consumtion after 7days

Lison glucose consumption after 7 days
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Figure 2.3.8 Relative frequency of glucose consumption after 7 daysson (pink), Prosecco (green) and
Raboso (red) strains.

As for fermentative vigour, , similar behavior for Lison and Prosecco strains was observed
evenafter 7 days. The mean value for Lison stranas 12,9g/100ml and the maximum
was 16,7g/100rh while for proseccavere12,4 g/100mL and 15,5 g/100mtespectively
Concerning strains selectédm the Raboso area, the fermentation behawias different.

All the strains considered had high glucose consumption with an average of 15,4g/100m
and a maximuntevel of 17,4g/100mwith 10 strains out of 130 tested amange of 16,8
17,49/100mL.They confirm to havebetterfermentative power than the strains selected

from white wine varieties.
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Strains coming from the Lison area have intermediate fermentateeirvand glucose
consumption after 7 days leveis. on averagéetter than strains selecttdm Prosecco

but worse thathose frone Raboso.

Furthermore, glucose consumed at the end of the fermentative process was evaluated.
Strains from Lison completiethe fermentative procebaving consumedbout 18,59/100m

of glucose (range between 18,2 and 18,7g/100mL) that corresponds to 92,5% of the glucose
added tothe medium (figure 3.9).

The same featurevas examined for comparisom strains coming from f®secco and

Raboso areas.
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Figure 2.3.9 Strains relative frequency of glucose at the end of fermentation in Lison (pink), Prosecco (green)
and Raboso (red) yeasts.

Considering the length of fermentation of the Lison straamsean value of 18,9 daysas

measuredfigure 23.10). Only two strains spent 25 days to complete the fermentation

process.
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Prosecco fermentative length

Lison fermentation length

n

'
i

=

s
W

3
[

Raboso fermentative length

(%)

Relative frequency
i
N

015 +

01

10 15 20 25
Days

Days

Figure 2.3.10 Strain relative frequencies of fermentation length in Lison (pink), Prosecco (green) and
Raboso (red) strains.

Strains from Prosecco and Reso concludedthe fermentation in less time than the Lison
ones as indicated bymean values of 17,3 and 15,6 days for Prosecco and Raboso
respectively. ForProsecatrainsthe minimum valuavas 14 andthe maximum 28 days,
reached by two strains. The Rabostrains confird to have the best fermentative
performancewith a minimum of 11 days reached by 12 yeasts and a maximum of 24 days
spent by only two strains out of 130 tested (fig2i8210).

2.3.3.1Sulphur dioxide and hydrogen sulphide production

Sulphite is widely used in winemaking for its antimicrobial and antioxidant properties,
although its toxic effect on human health is provafine yeasts usually produce lea
medium SQ@ amounts, depending on fthegenetic characteristics antermentation
conditions. To betteexploreyeasts prop#ies related to sulphitessulphur dioxide $0,)

and hydrogen sulphide ¢8) productions were evaluatbg growing yeasts oappropriate

mediums.
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The hydrogen sulphide production was evaluated by growing yeaf2&ggy agarplates
(Oxoid), a specific medium that contains bismuth sulphitds compounds converted
into bismuth sybhurin the presencef hydrogensulphide socoloniesturn brownwith an
intensity proportional to the amount of sulplmentaining sbstances produced.

Sulphur dioxide production was evaluated on Fucsine agar. The®@uced by yeasts
combining with the fucsine colorant (magenta coldeads to thdéormation of acolourless
compound discolouringproportionallythe growth medium.

Theresultsobtained are reported in tableS 2.

Table 23.4 Sulphur dioxide and hydrogen sulphide production

. SO, H,S
Strain production production

EC1118 2

T9.1 2

T21.1 2

T314.1 2

T411.1

T411.10

For SQ production the range was set between 1 and Bigbr, mediumand a low level of
compound production. For,8 production, values between 1 and 4 weresehdor low
mediumto-low, mediumto-high and high compound production.

The results show that most of the strains have a mediusra®®an high 5 production.
There are 4 strains that exibit a low level in,§@oduction (value 3 on the table) and a
medium level in HS productiononly T411.10strain has a low level of 3 production

Theseresults are in agreement withoseobtained with strainfom Prosecco and Raboso.
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2.3.4 Physiologic characterisation in Lison natural must

The strains tested isynthetic must were then evaluated in minetn Lison grapedo
analyze their fermentation attitudes in an enological contest.

The strains were grown in200 mtErlenmeyer flask closed with silicon cap supplied with

a bowed glass pipette and filled witB@ml of natural must. The fermentation process was
monitored by flask weight loss. Together with the 16 stregpsesentativef the different
profilesidentified the commercial strain Mycoferm@fsed in the LisofiPramaggiore area

was also tested.

In this contest, fermentative vigougjucose consumption after 7 days and fermentation
length were evaluated. The results achieved were subdivided into relative frequency
classes.

Concerning glucose consumption after 2 days of fermentation, the mean value was
5g/100n, higher thanthatachieved in synthetic must (figuge3.11).

Only few strains had a glucose consumptamlow as that obtained in synthetic must,
within therange of 34g/100n.

The 29,4% of the strainshoweda very high fermentative vigourincluding the

commercial strain Mycoferm6dith a glucose consumption over 6g/100m
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Figure 3.3.11 Strains relative frequencies of fermentative vigour

Observing glucose consumption after 7 days of fermentation, most of the stichigsoloa
fermentdive performance (figure 3.12) with a mean value of 16,6g/100and 2 strains
exceeding19g/100nh.
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Figure 2.3.12 Strains relative frequencies of glucose consumption after 7 days of fermentation.

Concerning fermentation length, most strains adbe process in about 20 days, 4 strains
in 16 days and 4 yeasts in 27.

Finally, thefermentation productebtained were tasted by an expert panel anbsgethe
Lison-Pramaggiore Consortium.

Considering the low amounf mustavailable(200mL), only 5 persanwere engaged.

Only general positivandnegative organoleptic notes weakeninto accountt this stage
The evaluation was performed by expressmganking for strainexpressing the best
sensorycharacteristicThe first 8 strainsof the listwere considered for further discussion
among the panelist$inally one strain was chosens, namely T314.1. This yesastled
good fermentative performance and exdlalmond and apricot fruity notesonsidered

typical for Lison wine .

3.3.5 Microvinificati on

A microvinification test was conducted on the strain selected by the panel after the

fermentation in natural must, and on the commercial strain Mycoferdd as reference
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The strains were inoculated to a final concentration of aboutdlOml in 30 | of Lison
must whose

chemical charderistic are reported in table35

Table 2.3.5 Chemical characteristics of Lison must used fo microvinification tests.

Sugars (g/L) pH Total acidity(g/l) Malic acid (g/l) Tartaric acid (g/l)
203 3,39 7,2 1,72 3,01

To follow the fermentation press,sampling wagioneevery 3to 5 daysto determire the
relevantchemicalparametergpH, sugar, total acidity, volatile acidity and alcohol degree).
The process was stopped when sugar léxegdped dowrligl.

The fermentation kineticsneasuredby sugars concerdtion, are described in figure3213.
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Figure 2.3.13 Fermentation kinetics of T314.1 and Myc611 strains in Lison must.

Considering sugars consumption during the fermentation process, T314.1 has aiéryetic
similarto the commercial strain Mycoferm611. Both strains have a quite long fermentation
length but consume all sugars present in the must.

The alcohol degeereacheds about 126 (v/v) as reported in figure.2.14.
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Figure 2.3.14 Alcohol producion during fermentation.

The results achieved show that in natural environments there are autochthonous yeast
strains with technological characteristicighly similar to thosepresentin commercial

yeasts.

2.3.6 Conclusions

A low number of samples comteng S. cerevisae were found in DOC LisofPramaggiore
sampling. This situation is similar tovhat obtainedn the Prosecco area during a survey
conducted some years ago. The low yeast biodiversity level foould be linked to the
territory climate chaacteristicsas well asthe Tocailtalico sensitivity towards fungal
diseasesthat, implying a greater usef pesticidesin the vineyard could negatively
inluence yeastviability anddevelopment

On the other handhe higler yeast biodiversity found rothe red vine variety Raboso
Piave, could bdinked to the thicler grape peel more resistant to pest attack thahof
Prosecco and Lison grapdisat requiresewerfungicidal treatmerst

Concerning yeasts fermentative performances, strains comingtfi@idson areahowed

fermentative vigour and glucose consumption very similar to tbbsaginedby strains
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coming fromthe Prosecco area, while the best performaneerereachedby strains from
Raboso.

Nonethelessthe fermentative performance on nal Lison mustallowed to selectone
strain with good fermentative performasdtkatat microvinificationscale revealelinetics
similar to thoseof the commercial wine strain Mycoferm611, used in the Lison area for

Tocai talico wine making.
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3. Genetic characterzation and
phylogenetic analysis oftrains isolated

from vineyards of Northernltaly
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3.1 Introduction

Genetic markers are observable traits which expression indicates the presence or absence of

certain genes and they are classifiea ifive broad groups: morphological, cytological,

biochemical, protein and DNA. However protein and, more recently, DNA markers have

revolutionized the availability of markers in ecological genetics studies. Genetic markers

allow to characterize genetic @irsity, so they are widely used for ecological genetic

studies.

An ideal genetic marker for ecological genetic studies has six important characteristics
(Weisinget al. 1995):

l

Detect qualitative or guantitative variatiomhe marker should be either preser

absent, or the level of its expression should show discrete variation, that is, high versus
low.

Show no environmental or developmental influentfesn individual is translocated into

three separate environments then it should display the samé&genoespective of
environment and if a marker is found in the juvenile it should also be present in the
adult.

Show simple codominant inheritanda a diploid, both alleles at a locus should be

visible in the heterozygote condition. In the dominantatibn, one allele is present and
it is impossible to distinguish between the dominant homozygote and the heterozygote
condition.

Detect silent nucleotide chang8$ie marker should be capable of detecting changes in

the coding region of a genome that fesin synonymous amino acid substitution, that
is, mutations in codons that result in the incorporation of identical amino acid into a
protein sequence.

Detect changes in coding and rooding portion of the genom&he markers should be

randomlydistributed across the genome, and no restricted to just one class of DNA.

Detected evolutionary homologous chang&he markers used for genetic analysis

should be homologous, that is, similar due to descent from a common ancestor.
However, loci and alleles mayekdefined in genetic studies in manners other than by

descent, for example, origin or state (Gillespie 1998).
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None of the marker systems currently used in ecological genetics studies have all of these
ideal characters. There are marker systems that aferneck for certain problems, for
example, microsatellites will be preferred markers for detailed analysis of gene flow within
populations, whilst other problems may be studied equally effectively using different
marker systems, for example, PGRLPs and kozyme analysis would be equally useful

for estimating genetic diversity within a population. However, the choice of a marker
system is a compromise between the properties of the marker and its availability.

The six most commonly used types of proteid &NA markers are allozymes, restriction
fragment length polymorphism (RFLP), randomly amplified polymorphic DNA (RAPD),
amplified fragment length polymorphism (AFLP), microsatellites (or simple sequence
repeats SSRs), and sequence analigisiever numeras other types of markers have been
proposed, for example, single nucleotide polymorphism (SNPs; Cattér2001, Gibson
2002). Marker systems may be classified according to their modes of inheritance, that is,
dominant (e.g., AFLPs) versus codominéag., RFLPs), the numbers of putative loci that
they detect at a locus, that is, few loci (e.g., allozymes) versus many loci (e.g., RAPDSs), the
numbers of alleles that they detect at a locus, that is, diallelic (e.g., RAPDs) versus
multiallelic (e.g., SSB) or their ease of use, that can be simple (e.g., RAPDS) or complex
(e.g., AFLPs).

Allozymes were the firsts markers used. They aeiant forms of an enzyme that are
coded for by different alleles at the same locti$ie majority of allozymes show
codomnant inheritance and the variants are attributed to nucleotide substitution causing
charged amino acid replacement. Thaeyve at different speeds through a gel because they
differ from each other in size and charge.

Allozymes are easily, safely and cheapletected but they also have a low level of
polymorphism. Gene variation is underestimated due to codon redundancy and
synonymous nucleotide substitutions, although isoelectric focusing may identify additional
polymorphism. The applications of allozyme nkers include the estimation of gene
diversity and population structure but they have limited phylogenetic power (Metgily

1996; Mitton 1997).

74



Restriction fragment length polymorphisfRFLP) analysis measures DNA variation that

affects the relative gsitions of restriction sites. Restriction enzymes are used to detect
variation in primary DNA structure. The number of bases in the restriction site and the
genome base composition determine the number of restriction sites identified in a genome.
RFLP makers are codominant and it is possible to detect nDNA and organelle DNA
polymorphism in total DNA extracts. Their applications include estimation of gene
diversity and population structure and may also be valuable as phylogenetic markers
depending on the WA sequence from which they are derived. On the other hand RFLPs
are expensive, time consuming to detect and data from different laboratories are difficult to
combine GardinerGardenret al. 1992; Janseat al. 1998)

Randomly amplified polymorphic DNARAPD) markers are DNA fragments from PCR

amplification of random segments of genomic DNA with single primer of arbitrary
nucleotide sequenc&ach band position on a gel is assumed to represent a diallelic locus
(band preserabsent). This locus definitiomeans thaRAPDsare dominant markers, that

is, presenpresent homozygotes cannot be distinguished from prabsent heterozygotes

at the phenotypic level.

The technique is cheap, simple, requires no sequence information, {pd2€ER and a
large numler of putative loci may be screened. It is useful at the initial stages of an
investigation but it has been superseded by other technique because of its reproducibility,
primer structure, marker dominance, product competition, product homology, allelic
variation, genome sampling and nordependence of loci (Caeta#molles 1993; Weising

et al. 1995; Harris 1999).

Amplified fragment length polymorphism(AFLP) analysis involves the selective

amplification of an arbitrary subset of restriction fragments gead by double digestion

of DNA with a frequently cutting and a rarely cutting restriction enzyme. Fragment ends
are modified by the addition of doubdéranded adapters, which provide the primer sites for
subsequent PCR amplification. The number of bageserated in AFLP reaction is
determined by the number of bases in the variable part of the selective primer and genome
complexity. Most AFLP markers are scored as diallelic markers, where alleles are detected
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as a band presence or absence, meaning hmatntarkers are dominant. However,
codominant AFLP markers may be detected because of small insertions or deletions in the
restriction fragments.

These markers are highly polymorphic, either dominant or codominant and require no prior
sequence knowledge. &majority of AFLP applications have been for genome mapping
and breeding studies, although the application of AFLPs in ecological genetics is becoming
widespread, especially for studies of gene diversity, population structure and clonality (Vos
et al 199%. The disadvantages of these markers are that they requires a high degree of
technical skill and relatively large amounts of high quality DNA (Rafaétkal. 1997,
Robinson and Harris 2000).

In DNA sequence analysithe order of nucleotides in a piecé BNA is determined.

Specific DNA regions are amplified by PCR and then subjected to cycle sequencing. Data
are scored directly as the separate nucleotide bases. Direct DNA sequencing produces high
guality information, whilst automated technique and higtvgred computer facilities mean

that large amounts of data can be generated. The data obtained can be used in applications
that include estimation of gene diversity and population structure, and investigation of
hybridization and gene flow. However, thepapach has found its greatest value for
phylogenetic analyses, where it is necessary to have ordered characters (Bishop and
Rawlings 1997).

Microsatellites(SSRs) are short (B0 copies) tandem repeats of metmtetranucleotide
repeats which are aswed to be randomly distributed throughout the nDNA, cpDNA and
MtDNA (Goldstein and Scholotter 1999, Jarne and Lagode 1996, Provan, Powell and
Hollingsworth 2001). Primers are designed to conserved regions flanking the variable SSR.
SSRs detect length vation that results from changes in the number of repeats units, to
which stepwise mutation models are often applied. Consequently, regularly spaced bands
(alleles) appear on gels. SSRs are relatively abundant and are thought to have a uniform
coverage acis the genome. Moreover they are codominant markers and it is possible to
detect both nDNA and organelle DNA polymorphism in total DNA extracts. Mutation rates
are high compared to other DNA markers, making them useful markers for intrapopulation
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studies. The applications of SSR markers include estimation of gene diversity and

population structure. Since SSR show a high number of alleles per locus they are ideally
suited to the analysis of gene flow. The disadvantages of this kind of markers are that initia
identification of SSRs is expensive and requires cloning and sequencing, whilst SSR primer

pairs tent to be specispecific.

3.1.1Microsatellites and mtDNA analysis ifSaccharomyces cerevisigeast

Autochthonous Saccharomyces cerevisiagrains isolad from natural environments
associated with thevine production areas of interest, obtained frclomal selection, are
now commercialized aactive dry yeast. Such strains are able to efficicfietljnent grape
musts and produce desiralieetabolites (e.gglycerol, organic acids arfuigher alcobls),
associated with reducedfaflavours development (mainly H2S, acetic acid ghenolic
compounds). Globally, they enhancetihé neds sensori al character
attributes to specific wine sgs (Brionest al. 1995; Regodoret al. 1997) Commercially
available yeast starters are now widely usedwmemaking without any special
containment andire annually released in large quantities, togewidgr liquid and solid
wine-making residues, in &environment around the winery. From an ecologpzht of
view, these yeasts can be regardsdonindigenous strains that are every yedroduced

in large quantities in the ecosystemrrounding a wineryin particular, it is not known if
commercialstrainsare able to survive in nature and to become membeitseofineyard
microbiota.

In a recent study that wasarried out in six vineyards of the Vinho Ver@ortugal) and the
Languedoc (France) winegions, it was shown that the disseminatiooahmercial yeast
strains is limited to a very cloggoximity of the winery (10200 m) where thefiave been
used and thaheir permanent implantation in theeyard did not seem to occur (Valexb

al. 2005). Moreover, vine-associatedautochthonousSacclaromycesbiodiversity is not
affected by longerm use of commercial yeasts

Despite the great numbers of indigenous strains constantly selected from the environment,
at the moment the description in terms of relative strains abundance in nature dob®t can

accurately estimated. Moreover, exploring the biodiversity of indigenous fermentative

77



strains can be an important contribution towards the understanding and selection of strains
with specific phenotypes (Schuller, et al 2005LComprehensive identifican of
polymorphisms among individuals within a species is essential both for studying the
genetic basis of phenotypic differences and for elucidating the evolutionary history of the
species.

Traditional morphological and biochemical tests are of limiatle in revealing the
genetic diversity of yeast strains of the same species. Molecular methods developed to
study yeasts at both the species and subspecieshi@velseveral applications, including
monitoring the dominance of the inoculated yeast stsgast population dynamics studies,
studies of wine yeast strain origin and evolution, and protection of the industrial property
on commercial yeast straif@uerolet al. 1992; Guillamaon et al. 1998; FernadezEspinar

et al. 2001; Torijaet al. 2001). Available molecular typing techniques that have been
applied to the genetic identification of wine yeast strains include separation of intact
chromosomes by pulsed field agarose gel electrophqiésmsnhetet al. 1990; Guillamon

et al. 1998); restriction malysis of the mitochondrial genomégzinhetet al. 1990; Querol

et al. 1992); analysis of d sequences by PCR amplificatdesget al. 1993; Lavalle et al.

1994; Legras and Karst, 2003); microsatellite markBedefias Coutceet al. 1996; Techera

et al 2001; Gallegoet al. 1998 Legraset al. 2009; PCR amplification of the
mitochondrial, intron rich, COX1 genelLdpez et al. 2003); Random Amplified
Polymorphic DNA (RAPDPCR) Grandoet al. 1994; Quesada and Cenis, 1995); single
nucleotide polymorphism&NPs) Jubanyet al. 2008); or combination of several of these
methodologiesKernande£spinaret al.2001). They all constitute powerful tools, not only

for industrial and technological controls, but also for ecological investigations of the
intraspedic diversity of the indigenous microflora of wines. Despite the availability of
several molecular methods, data%ircerevisiagyping are still limited. Moreover, some of
methods, such as karyotyping or mitochondrial DNA polymorphism, are incompletely
evaluated because of the low number of strains tested or because of the lack of studies on
stability and reproducibility (Struelens M 1996). In addition, the discriminatory power of
some methods appears insufficient when these methods are testechalomeer whole
genome sequencing is a powerful approach for elucidating the population genetics of S.

cerevisiae, but it is currently time consuming and expensive.
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Mitochondrial DNA (mtDNA) of S. cerevisiads a small molecule of 680 Kb which

grade of variality can be shown with by restriction analysi¥he high degree of
polymorphism of mtDNA allows to analyse the variability of wine specHiccerevisiae

strains Among all the molecular techniques described in literature, mitochondrial DNA
restriction aalysis appears as one of the most suitable methods to differentiate between
strains. The Organization Internationale de la Vigne et du Vin (OIV OENO) in the
resol ution number 408 of 2011 regarding
Saccharomyces cersdde Wi ne yeast and other yeast Spe:
proposefor the identification of wine yeast at strain level the mitochondrial DNA RFLP
analysis.Querol et al (1992) and then Lopez in 2001 developed a new mitochondrial
restriction analysisnethod that clearly simplifies the characterizationSaiccharomyces
cerevisiaewine yeast strains. This mitochondrial analysis method consists of the standard
miniprep isolation of total yeast DNA and the use of Gl restriction endonucleases as

Hinfl or Rsal which recognise a high number of sites in the yeast nuclear DNA, but few
sites in the mitochondrial DNA. The method is simple and yields results within 3 days
work. This technique has successfully been used by other authors to charactersefstrain
other yeast species (Martinet al 1995 Romanoet al 1996; Guillama et al 1997)
because allows higthroughput of strain identifation in a short period of time. It can be
used in wine industry because ireqiiedAsast, S
showed by Shuller and Dequin (2004itechondrial DNA restriction analysis could be a

good technique to diffrentiate yeast strains from teame ecosystem. This technique is

also easy to use oncthe conditions have been carefully standamiizend the
reproducibility is better thaather analysis.

Mitochondrial DNA has been the workhorse of research in phylogeography of higher
eukaryotic organisms for almost two decades. However, concerns with basing evolutionary
interpretations on mitochondf DNA results alone have been voiced since the beginning

of such studies (Munoz et al 200&ecently, some authors have suggested that the
potential problems with mtDNA are so great that inferences about population structure and
species limits are unwamnted unless corroborated by other evidence, usually in the form of

nuclear genéata (Zink and Barrowclough, 2008).
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Microsatellites or simple sequence repeats (SSR) congigtect tandem repeats of a short
DNA motif, usually less thadO bp (Charlesarth et al. 1994). These repetitive sequences
are a major component of higher organism DNAs. Theyhgpervariable in length (Tautz
1989) as a result of DN£eplicationerrors, such as slippesfrand mispairing (Stranet al.

1993). Microsatellite alterabns occur at a rate much higher than the mutation rate in
nonrepetitive DNA (Wierld 1997). These alterations are likely to reflect DNA polymerase
slippage (Sia 1997). During DNA replication, a transient dissociation of the DNA strands,
followed by incorret reassociation, results in one or more unpaired repeat units on either
the template or the nascent strand. If these unpaired loops are not repaired, another round of
replication will result in a tract that is shorter (if the unpaired repeats are oantiptate
strand) or longer (if the unpaired repeats are on the nascent strand) than the original tract.
The detection of microsatellite polymorphisms is a promising and powerful tool, providing
accurate and unequivocal results expressed as base pair rfonmdeea number of repeats).
Thus, microsatellites show a substantial levebalfymorphism between individuals of the
same species arate extensively useid humandor paternity exclusion tests (Helmineh

al. 1988), forensic medicine (Hagelbezgal 1991) and fomolecular typing of different
organisms(including cultivars ofVitis viniferg Bowerset al 1999) Microsatellitesare
particularly suitable for the detection of polyploiasd have a higher discrimination power
than nucleotide sequendsssed methods such as multilocesequence typing (MLST),
particularly when closely relatesfrains are compared (Ayoeb al., 2006).

The methodhas been successfully applieshitially for typing clinical fungi such as
Candida albicangLumen et al 1998)ard Aspergillusfumigatus(BartDelabesseet al.
1998).

After the entireS. cerevisiaggenome was publicly available (Goffeaual. 1996), different
computer searches for short tandem repeats were conductedafiddidlls, 1998; Kattiet

al. 2001; Aishwaya et al. 2007). Recently, several high throughput microsatellite
polymorphism analyses have bgmrformed (Legrast al.2005, 2007; SchulleandCasal,
2007). This technique is the most appropriate for lsagde studies like determination of
genetic proximity (phylogenetic studies) and biogeographical distribution of indigenous

Saccharomycestrains and/or species by means of numerical analysis.
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Nowadays, one of the greatest challenges for geneticists is the dissection of complex
quantitative geneticvariation into genes at the molecular level. Most traits of
biotechnological interest iB8. cerevisiastrains are complex traits that depend on multiple
genes and their allelic variants. Codominant molecular markers like SSRs and SNPs are
widely used forthe molecular discrimination of individuals within eukaryotic species, for
biodiversity studies, QTL mapping and linkage studies.

In 2001, polymorphism analysis of selected microsatellite loci was proposed as a very
powerful and unique method to discrirate S. cerevisiaat the strain level and th#te
discriminatory power of six microsatellite loci (Pertzal. 2001) is identical to the mtDNA
RFLP (using enzymelinfl) (Gonzalez Techerat al 2001; Hennequiet al. 2001, Schuller

et al. 2004, Valercet al. 2005).However, as several of the loci proposed by Henneeuin

al. (2001) or Perezt al. (2001) present a very low allelic variation, it is clear that the
maximum resolution of such technique is not attained (Legjrak2005).

In the last yearsan increasing number of microsatellites have been describe8.for
cerevisiae with the aim finding the most polymorphic loci with a high allelic diversity that
can be applied for both strain delimitation and the description of relationships between
strairs that are related due to their common geographical or technological origin (Bradbury
et al.2006; Legra®t al 2007; Richardst al.2009; Goddaret al 2010).

The technique was improved from the six most polymorphic loci used by several authors in
thefirst surveys to more than ten loci in the last studies (Legfrak 2008).

Nowadays microsatellites typing is the favourite analysis conducted to understaak:she

that ecology and geography playshapingS. cerevisia@ s pop ul atandeeweralst r uct
authors have shown the importance to create a comdadabase of microsatid
genotypes foSaccharomyces cerevisiaehere is an increasing need for standardization in
the reporting of results from different laboratories as nfreerevisiaestrains and SSR
markers are being tested. The discrimination power of the selected SSRs depends on the
population of strains analyzed and, therefore, it would be very valuable information to be
able to calculate allelic frequencies from strains coming frouohustrial, clinical or
environmental settings. At present, it is not possible to extrapolate microsatellite data from
different laboratories. Sizing with ladders, containing many or all of the observed alleles for
a given SSR locus, is a common practice nviamalyzing human microsatellites and it
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certainly allows comparison of data after careful validation procedures. The standard in
humans is to report alleles as the absolute number of repeats. Only a small core set of loci
have been selected and commerkitd providing premixed primers and allelic ladders are
available. Because all users work with the same primers, these allelic ladders can be used to
calibrate PCR product sizes to SSR repeat number for genotyping purposes (Butler, 2007).
However, in someases, there is still the need to reach a consensus on the definition of the
core repeat structure to prevent confusion and allow a comparison of results between
laboratories. Comparison with whole genome DNA sequence data shows that microsatellite
profiling provides a simple and accurate method for identifying strains that are closely
related genetically. SSR typing is a cheap and accessible method that has the following
unique features compared with SNPs (or MLST):

(1) SSRs give clearcut information oloidly levels Many industrial strains are aneuploids

or polyploids, and this has been associated with an adaptation mechanism @wrol
2003).

(2) SSRs can be easily adapted to a simple method (using agarose gels) to Bwonitor
cerevisiae strains duing alcoholic fermentation (Hoell et al. 2004 Vaudanoand
GarciaMoruno, 2008 and to detect the presence 8f cerevisiaeSaccharomyces
bayanushybrids (MasneuPomareleet al.2007).

(3) The reason why some SSRs are highly polymorphic while otherns\ariable is still

an open question. Variation in the efficiency of DNA mismatch repair at different sites in
the yeast genome has been proposed as a possible explanatiore(H&\2K05).But one

major factor of variability is the number of repeats.

(4) For closely related®. cerevisiaestrains, MLST has proven to be less discnatory

than SSRs (Ayoubt al.2006).

(5) Precise estimation and comparison of genetic variation among populations requires a
large number of SNP relative to microsatellitecause microsatellite loci typically have
many alleles (more than 30 f6t cerevisia¢or the most polymorphic logiwhereas two is

the norm for SNP loci. Ascertainment bias in SNPs identification can also be a serious
issue for studies of populationrstture since it has the potential to introduce systematic

bias in estimates of variation within and amowogulations (Moriret al.2004).
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3.2 Materials and methods

3.2.1 Mitochondrial DNA analysis

3.2.1.1 Yeasts total DNA extraction

Yeasts coat obtagd on YM agar medium, growing yeasts for 48at 25 °C, was
resuspendeth 1 ml of sterile waterand thercentrifugedat 14000rpm for 3 minutesin an
Eppendorimicrocentrifuge

After fluid discardingthe cells wergesuspendenh 500¢ lof a solution cataining50 mM
Tris-HCI, 20 mM EDTA, pH 7.4 andtransferred to 2 ml Eppendorfcontaining0.3 g of
glassbeads of 42%00¢ nm(Sigma)andvortexfor 3 minutes5 0 €1D% SDEwere then
addedto the sampleghat wereincubatedn athermostatidathat 65C for 30 minutesAt
the end2 0 O of potassium acetat&M were added anthe samplesvereleft on ice for30
minutes The tubeswere centrifuged atl4000 rpm forlO minutes600¢ | supérnatant
was transferred to arEppendorftube and 600 € lof cold isopropanolwere added. The
samples werekept at room temperaturr 5 minutes, stirringby inversionand then
centrifuged aL4000 rpm forlO minutesThe supernataiwasremovedand 500 lbf 70%
ethanolwereadded After centrifugation att4000 rpm forlO minutesand the supernatant
discarding thepellet wasdriedfor 1 h at37 °C. The samples wenesuspended i5 0 ¢ |
sterile waterto which 1.5 ¢ 1(10 mg / ml) of RNase(AmershamBioscienceE70194%
were added. The samplegere left at room tempetare for 1520 minutes andfinally
stored at20 °C.

3.2.1.2 Total DNA enzyme restriction

The total DNA digestions were performed in &5of volumes reaction containing 10 U of
Hinfl enzyme (Fermentas) and &0of extracted DNA. The reactions were penied at 37
°C for 2 h.
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3.2.1.3 Bands analysis

Restriction profiles obtained were compared by the GelCompdrgiplied Maths)
software that allows, by a matrix construction, to calculate the similarity level between
strains and to convert it into a dendgram.For the matrixconstructionrwas usedhe Dice
similarity coefficient which considers the electrophoretic lsapdsition, but nottheir
intensity.Moreover, for the dendrogranonstruction,determined by the UPMGA method,
the "optimization" and "tolemceé values which determine the minimum variability degree

of a profilethan othemore similar were those recommended by the program.

3.2.2Microsatellites analysis

3.2.2.1 Strains

In this work 202 autochthonous strains $&ccharomices cerevisiaeisolated from
vineyards located in the DOCG Prosecco Conegialdobbiadene, DOC Piave and
DOCG LisonrPramaggiore areas were considered. The strains were obtained after single
fermentation of bunches of Glera (ex Prosecco) variety, Raboso and Tocaivtligties.

The survey was also conducted on 37 commercial strains, coming from different substrates
like wine, sake, ragi, beer, oak, bread, laboratory and clinical.

For each strains considered was also attributed a population name on the base of the
isolation area.

All the strains considered are reported in tahiel

Table 3.21 Strains tested for microsatellite polymorphism in this study

NAME ORIGIN POPULATION NAME
AWRI1631 Wine, AUSTRALIA (sequenced) wine
AWRI796 Wine, AUSTRALIA (sequenced) wine
BC187 Wine, USA (sequenced) wine
BLA.GRCR | Wine, EUROPE wine
CLB219w Wine, EUROPE wine
D47 Wine, EUROPE wine
DBVPG1106 | Wine, EUROPE (sequenced) wine
DBVPG6040 | Wine, EUROPE (sequenced) wine
DV10 Wine, EUROPE wine
EC1118 Wine, EUROPE (sequenced) wine
F15 Wine, EUROPE wine
FR95 Wine, EUROPE wine
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JAY270 Wine, EUROPE wine
L1374 Wine, EUROPE (sequenced) wine
L1414 Wine, EUROPE (sequenced) wine
L1528 Wine, EUROPE (sequenced) wine
LV10 Wine, EUROPE wine
MYC611 Wine, EUROPE wine
N.FERM Wine, EUROPE wine
P444 Wine, EUROPE wine
QA23 Wine, EUROPE (sequenced) wine
RM1la Wine, EUROPE (sequenced) wine
SIGMA1278 | Wine, EUROPE (sequenced) wine
V.PR.BL Wine, EUROPE wine
VIC17ES Wine, EUROPE (sequenced) wine
VIN13 Wine, EUROPE (sequenced) wine
VL3 Wine, EUROPE (sequenced) wine
VRB Wine, EUROPE wine
Y9 Ragi, ASIA ragi
UC5 Sake, ASIA sake
Clib382 Beer, EUROPE beer
NCYC361 Beer, EUROPE beer
6662 Bread, EUROPE bread
YJIM428 Clinical isolate, USA Is.Cl
YJIM653 Clinical isolate, USA Is.Cl
S288C Laboratoy, USA lab
NCO02 oak tree exudates, North Caroline, U§ oak
B169.12 Autochthonous, Glera bunches ProA
B173.16 Autochthonous, Glera bunches ProA
B173.2 Autochthonous, Glera bunches ProA
B173.4 Autochthonous, Glera bunches ProA
B197.1 Autochthonous, @Gra bunches ProA
Big217.2 Autochthonous, Glera bunches ProA
Big223.8 Autochthonous, Glera bunches ProA
C261.4 Autochthonous, Glera bunches ProA
P138.4 Autochthonous, Glera bunches ProA
P148.1 Autochthonous, Glera bunches ProA
P158.4 Autochthonous, @ra bunches ProA
P173.3 Autochthonous, Glera bunches ProA
pP225.3 Autochthonous, Glera bunches ProA
p227.11 Autochthonous, Glera bunches ProA
P234.15 Autochthonous, Glera bunches ProA
p234.5 Autochthonous, Glera bunches ProA
pP254.12 Autochthonous, Gla bunches ProA
P254.2 Autochthonous, Glera bunches ProA
P254.3 Autochthonous, Glera bunches ProA
P283.4 Autochthonous, Glera bunches ProA
P293.1 Autochthonous, Glera bunches ProA
P301.16 Autochthonous, Glera bunches ProA
P301.3 Autochthonous, Gleraunches ProA
P301.4 Autochthonous, Glera bunches ProA
P301.9 Autochthonous, Glera bunches ProA
P303.6 Autochthonous, Glera bunches ProA
P304.1 Autochthonous, Glera bunches ProA
P304.11 Autochthonous, Glera bunches ProA
P304.13 Autochthonous, Glera Imehes ProA
P304.2 Autochthonous, Glera bunches ProA
P304.3 Autochthonous, Glera bunches ProA
P304.4 Autochthonous, Glera bunches ProA
P304.5 Autochthonous, Glera bunches ProA
P304.6 Autochthonous, Glera bunches ProA
P304.8 Autochthonous, Glera bunche ProA
B125.2 Autochthonous, Glera bunches ProB
S41 Autochthonous, Glera bunches ProB
S43 Autochthonous, Glera bunches ProB
S44 Autochthonous, Glera bunches ProB
S45 Autochthonous, Glera bunches ProB
S46 Autochthonous, Glera bunches ProB
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S47 Autochthonous, Glera bunches ProB
X20.13 Autochthonous, Glera bunches ProB
X22.4 Autochthonous, Glera bunches ProB
X36.4 Autochthonous, Glera bunches ProB
X39.14 Autochthonous, Glera bunches ProB
R106.2 Autochthonous, Raboso bunches RabA
R106.3 Autochthonos, Raboso bunches RabA
R107.1 Autochthonous, Raboso bunches RabA
R107.3 Autochthonous, Raboso bunches RabA
R107.4 Autochthonous, Raboso bunches RabA
R107.5 Autochthonous, Raboso bunches RabA
R128.1 Autochthonous, Raboso bunches RabA
R130.1 Autochthorous, Raboso bunches RabA
R130.2 Autochthonous, Raboso bunches RabA
R130.4 Autochthonous, Raboso bunches RabA
R131.2 Autochthonous, Raboso bunches RabA
R131.3 Autochthonous, Raboso bunches RabA
R131.4 Autochthonous, Raboso bunches RabA
R132.5 Autochthonous, Raboso bunches RabA
R133.3 Autochthonous, Raboso bunches RabA
R133.4 Autochthonous, Raboso bunches RabA
R133.5 Autochthonous, Raboso bunches RabA
R135.2 Autochthonous, Raboso bunches RabA
R135.3 Autochthonous, Raboso bunches RabA
R136.3 Autochthonous, Raboso bunches RabA
R136.5 Autochthonous, Raboso bunches RabA
R144.1 Autochthonous, Raboso bunches RabA
R144.3 Autochthonous, Raboso bunches RabA
R146.1 Autochthonous, Raboso bunches RabA
R146.2 Autochthonous, Raboso bunches RabA
R146.3 Autochthonous, Raboso bunches RabA
R146.4 Autochthonous, Raboso bunches RabA
R146.5 Autochthonous, Raboso bunches RabA
R31.2 Autochthonous, Raboso bunches RabA
R31.3 Autochthonous, Raboso bunches RabA
R31.4 Autochthonous, Raboso bunches RabA
R31.6 Autochthonous, Raboso bunches RabA
R32.2 Autochthonous, Raboso bunches RabA
R35.1 Autochthonous, Raboso bunches RabA
R35.4 Autochthonous, Raboso bunches RabA
R5.2 Autochthonous, Raboso bunches RabA
R6.1 Autochthonous, Raboso bunches RabA
R6.2 AutochthonousRaboso bunches RabA
R6.7 Autochthonous, Raboso bunches RabA
R7.1 Autochthonous, Raboso bunches RabA
R8.2 Autochthonous, Raboso bunches RabA
R8.3 Autochthonous, Raboso bunches RabA
R8.5 Autochthonous, Raboso bunches RabA
R8.6 Autochthonous, Rabosaibches RabA
R8.7 Autochthonous, Raboso bunches RabA
R113.2 Autochthonous, Raboso bunches RabB
R113.3 Autochthonous, Raboso bunches RabB
R115.1 Autochthonous, Raboso bunches RabB
R115.3 Autochthonous, Raboso bunches RabB
R115.5 Autochthonous, Rabosahbches RabB
R116.1 Autochthonous, Raboso bunches RabB
R116.3 Autochthonous, Raboso bunches RabB
R116.5 Autochthonous, Raboso bunches RabB
R117.1 Autochthonous, Raboso bunches RabB
R117.5 Autochthonous, Raboso bunches RabB
R119.1 Autochthonous, Rabodmunches RabB
R119.2 Autochthonous, Raboso bunches RabB
R119.3 Autochthonous, Raboso bunches RabB
R119.5 Autochthonous, Raboso bunches RabB
R120.2 Autochthonous, Raboso bunches RabB
R126.1 Autochthonous, Raboso bunches RabB
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R100.1 Autochthonous, Ralsom bunches RabC
R101.1 Autochthonous, Raboso bunches RabC
R101.2 Autochthonous, Raboso bunches RabC
R101.3 Autochthonous, Raboso bunches RabC
R101.4 Autochthonous, Raboso bunches RabC
R101.5 Autochthonous, Raboso bunches RabC
R102.1 Autochthonous, Raoso bunches RabC
R102.3 Autochthonous, Raboso bunches RabC
R103.1 Autochthonous, Raboso bunches RabC
R103.3 Autochthonous, Raboso bunches RabC
R103.4 Autochthonous, Raboso bunches RabC
R103.5 Autochthonous, Raboso bunches RabC
R104.2 AutochthonousRaboso bunches RabC
R104.4 Autochthonous, Raboso bunches RabC
R104.5 Autochthonous, Raboso bunches RabC
R105.2 Autochthonous, Raboso bunches RabC
R105.3 Autochthonous, Raboso bunches RabC
R105.5 Autochthonous, Raboso bunches RabC
R11.1 AutochthonousRaboso bunches RabC
R11.3 Autochthonous, Raboso bunches RabC
R110.4 Autochthonous, Raboso bunches RabC
R111.1 Autochthonous, Raboso bunches RabC
R12.1 Autochthonous, Raboso bunches RabC
R12.2 Autochthonous, Raboso bunches RabC
R12.3 Autochthonous, Rboso bunches RabC
R137.2 Autochthonous, Raboso bunches RabC
R138.4 Autochthonous, Raboso bunches RabC
R138.5 Autochthonous, Raboso bunches RabC
R139.2 Autochthonous, Raboso bunches RabC
R139.3 Autochthonous, Raboso bunches RabC
R139.4 AutochthonousRaboso bunches RabC
R14.1 Autochthonous, Raboso bunches RabC
R14.2 Autochthonous, Raboso bunches RabC
R14.3 Autochthonous, Raboso bunches RabC
R14.4 Autochthonous, Raboso bunches RabC
R14.5 Autochthonous, Raboso bunches RabC
R14.6 Autochthonous, Raiso bunches RabC
R14.7 Autochthonous, Raboso bunches RabC
R143.1 Autochthonous, Raboso bunches RabC
R143.2 Autochthonous, Raboso bunches RabC
R149.1 Autochthonous, Raboso bunches RabC
R15.1 Autochthonous, Raboso bunches RabC
R15.2 Autochthonous, Ralsm bunches RabC
R15.3 Autochthonous, Raboso bunches RabC
R15.4 Autochthonous, Raboso bunches RabC
R15.5 Autochthonous, Raboso bunches RabC
R15.6 Autochthonous, Raboso bunches RabC
R15.7 Autochthonous, Raboso bunches RabC
R150.1 Autochthonous, Rabodnunches RabC
R150.2 Autochthonous, Raboso bunches RabC
R150.3 Autochthonous, Raboso bunches RabC
R150.4 Autochthonous, Raboso bunches RabC
R150.5 Autochthonous, Raboso bunches RabC
R151.1 Autochthonous, Raboso bunches RabC
R151.2 Autochthonous, Raboshunches RabC
R152.1 Autochthonous, Raboso bunches RabC
R152.4 Autochthonous, Raboso bunches RabC
R152.5 Autochthonous, Raboso bunches RabC
R153.1 Autochthonous, Raboso bunches RabC
R153.2 Autochthonous, Raboso bunches RabC
R153.4 Autochthonous, Raiso bunches RabC
R153.5 Autochthonous, Raboso bunches RabC
R154.1 Autochthonous, Raboso bunches RabC
R154.4 Autochthonous, Raboso bunches RabC
R155.3 Autochthonous, Raboso bunches RabC
R157.1 Autochthonous, Raboso bunches RabC
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R157.2 Autochthonous, Rboso bunches RabC
R157.3 Autochthonous, Raboso bunches RabC
R16.1 Autochthonous, Raboso bunches RabC
R16.2 Autochthonous, Raboso bunches RabC
R17.1 Autochthonous, Raboso bunches RabC
R17.2 Autochthonous, Raboso bunches RabC
T113B.1 Autochthonous, Teai Italico bunches | TocA
T21.1 Autochthonous, Tocai Italico bunches| TocA
T23.1 Autochthonous, Tocai Italico bunches| TocA
T317.2 Autochthonous, Tocai Italico bunches| TocA
T415.1 Autochthonous, Tocai Italico bunches| TocA
T424.1 Autochthonous, Tocai Itedo bunches | TocA
T522.13 Autochthonous, Tocai Italico bunches| TocA
T525.1 Autochthonous, Tocai Italico bunches| TocA
T9.1 Autochthonous, Tocai Italico bunches| TocA
T306.11 Autochthonous, Tocai Italico bunches| TocB
T314.1 Autochthonous, Tocai Italico Inghes TocB
T411.1 Autochthonous, Tocai Italico bunches| TocB
T411.10 Autochthonous, Tocai Italico bunches| TocB
T602.3 Autochthonous, Tocai Italico bunches| TocB
T603.2 Autochthonous, Tocai Italico bunches| TocB
T604.3 Autochthonous, Tocai Italico bunches| TocB
T605.3 Autochthonous, Tocai Italico bunches| TocB
T605.5 Autochthonous, Tocai Italico bunches| TocB
T605.7 Autochthonous, Tocai Italico bunches| TocB
T606.3 Autochthonous, Tocai Italico bunches| TocB
T606.4 Autochthonous, Tocai Italico bunches| TocB
T606.8 Autochthonous, Tocai Italico bunches| TocB
T611.4 Autochthonous, Tocai Italico bunches| TocB

3.2.2.2 DNA isolation

Yeast cells were cultivated in 10 ml YPD medium (36 h, 25° C, 150 rpm) and genomic
DNA was
isolated by E.Z.N.A® yeast DNA kit (OME&BIo-Tech, USA).

3.2.23 Microsatellites amplification

To achieve this analysis, 18 microsatellite loci (Legeagl. 2007, Richard®t al. 2009)
were combined in two sets of nine loci (Tabl&.2) and amplified using the Type
Microsatellite PCR ki{Qiagen, Milan, Italy). PCR reactions were run in a final volume of
12,5
Amp 9700 (Applied Biosystems) thermal cycler under a tstage temperature

el c @80 g afi yaaistrDYlA. Arfplification was performed using a Gene

programme: stage one: 95YCL5 min, stage two (34 cycles): 95iC30 s, 57°C 2 min,
72°C1 1 min, stage three: 60°C30 min
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Table 3.22 Characteristics of the 12 loci and primers used in the study

_ ORF or )
Locus name | Motif ) Primers Dye
coordinates
MIX 1
c3 CAA YGL139w | FW-CTTTTTATTTACGAGCGGGCCAT
RV-AAATCTCATGCCTGTGAGGGGTAT NED
cs GT VI-2102507 | b\ TGACACAATAGCAATGGCCTTCA
210414 RV-GCAAGCGACTAGAACAACAATCACA VIC
c8 TAA YGLO14w FW-CAGGTCGTTCTAACGTTGGTAAAATG
RV- GCTGTTGCTGTTGGTAGCATTACTGT FAM
c11 GT X-518870 | b\ TTCCATCATAACCGTCTGGGATT
519072 RV-TGCCTTTTTCTTAGATGGGCTTTC FAM
YKRO72¢ GAC YKRO72¢ FW-AGATACAGAAGATAAGAACGAAAA
RV-TTATTGATGCTTATCTATTATACC PET
SCYOR267¢| TGT YOR267¢ FW-TACTAACGTCAACACTGCTGCCAA
RV-GGATCTACTTGCAGTATACGGG VIC
SCAAT2 TAA YBLO084c¢ FW-CAGTCTTATTGCCTTGAAGGA
RV-GTCTCCATCCTCCAAACAGCC PET
SCAAT3 TAA YDR160w FW-TGGGAGGAGGGAAATGGACAG
RV-TTCAGTTACCCGCACAATCTA NED
scante | Taa | XEOSTI EWTTACCCCTCTGAATGAAAACG
105883 RV-AGGTAGTTTAGGAAGTGAGGC PET
MIX 2
scants | 1an | V19705V | by AGCATAATTGGAGGCAGTAAAGCA
8970210 RV-TCTCCGTCTTTTTTGTACTGCGTG NED
ca | O oeas FW-AGGAGAAAAATGCTGTTTATTCTGACC
RV- TTTTCCTCCGGGACGTGAAATA NED
C6 CA XV1-485898/ FW-GTGGCATCATATCTGTCAATTTTATCAC
485996 RV-VIC-CAATCAAGCAAAAGATCGGCCT VIC
YPLO09C CTT YPLOO9C FW-AACCCATTGACCTCGTTACTATCGT
RV-TTCGATGGCTCTGATAACTCCATTC FAM
c9 TAA YOR156¢ FW-AAGGGTTCGTAAACATATAACTGGCA
RV-TATAAGGGAAAAGAGCACGATGGC NED
SCAAT1 TTA XIIt -86902/ FW-AAAGCGTAAGCAATGGTGTAGATACTT
87140 RV-CAAGCCTCTTCAAGCATGACCTTT VIC
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YKL172w GAA YKL172w FW-CAGGACGCTACCGAAGCTCAAAAG
RV-ACTTTTGGCCAATTTCTCAAGAT FAM
YLR TC XII-823393/ FW-CTGGAATGAAATTAAACAAAAGC
823562 RV-TCTTCCTTTTCTACTATCTTCTC PET
YLLO49 TA XII FW-GCAACATAATGATTTTGAGGT
RV-GTGTCTTGTGTGAGCATAGTGGAGAA PET

3.2.24 PCR product analysis

PCR produts were sized for 18 microsatellite loci on a capillary DNA sequencer (ABI

3130 XL, Applied Biosystems) with the Matrix Standard Kit (Dye Set G5, Applied

Biosystems) using the polyacrylamide Pop7 and the size standard GeneScan500LIZ®.

Before the angls i s , the PCR amplicons were first di |
di lution was added t o 9, 35¢ of f ormami de
GeneScan500LIZ® size marker, and the mixture was denaturated at 95°C for 5 min. Allele
distribution into ¢asses was carried out using GeneMapper software version 4.1 (Applied

Biosystems).

3.2.25 Population analysis

The chord distance Dc (Cava$iforza & Edwards 1967) was calculated between each
strain with a laboratornade program (Legrast al. 2007). Al trees were obtained from
distance matrices derived with neighbour of the Phylip 3.69 package, using Mega 5.05
(Kumar et al . 2004) for tredrawing. All trees were rooted by the midpoint method. The
reliability of the tree topologies was assayed throaiggickknife procedure. The validity of
nodes was obtained with the consens program (Phylip 3.69 package). Population genetic
tests (PCA and FstP) were also conducted by the GenAlEx 6.41 program.

90



3.3 Results and discussion

3.3.1Mitochondrial DNA analy sis

With the aim to understand the genetic relationships among the strains isolated in the in
three different wine producing areas (DOCG Prosecco of Coneglaltmbbiadene, DOC

Piave and DOCG LiseRramaggiore) located in Venefaorth-east Italy) two approaches

were performed. The first one considered the profiles obtained with the mBEMLR
analysis, while the second one the polymorphism obtained by the microsatellites analysis.
For this purpose 202 strains of the autochthonous yeasts colleetionconsidered
Samplings were performed in a total of 162 wineries collecting 97 grapes of Glera variety
in the Prosecco area, 20 of Raboso Piave variety in the Piave DOC and 45 of Tocai Italico
variety in the LisorPramaggiore area during the 200810 preharvest period. All the
isolates were analyzed by their mtDNA RFLP (with the restriction enzym#) and a
restriction profile was attributed to each isolate. Each profile was analyzed by
GelComparell (Applied Maths, Belgium) software that allows, byadrix construction, to
calculate the similarity level among strains and to convert it into a dendrog@anthe

matrix construction the Dice similarity coefficient, which considers the electrophoretic
bands position, but not their intensity, was used. ddoer, the dendrogram was
determined by the UPMGA method and values of the "optimization" and the "tolerance"
parameters, which calculated the minimum variability degree of a single profile, were
chosen to optimize profile reproducibility. Concerning thgpect, using the optimization

and the tolerance values of 1.17% and 1.5% respectively), the analysis of three replicates
of the profile that identified the commercial strain conducted Blastosel Fr 95 (Perdomini,
Italy) gave a similarity degree of 100Mvhen the same profile was found in more than one
sample, one strain from each sample was taken into account. The analysis point out the
presence of 184 different profiles. In order to better understand yeasts evolution, 28
commercial wine strains, includir strains which genome sequence is available, 2 beer
strains (NCYC361 and Clib382), 2 clinical isolates (YJM428 and YJM653), 1 bread
(6662), 1 laboratory (S288c), 1 oak (NCO02), 1 sake (UC5) and 1 ragi (Y9) strains, were

analyzed (see materials and methofbr details). For each profile, obtained from
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autochthonous yeasts, a specific code was given. In table 3.2.1 the mtDNA profile code, the
number of samples with the specific profile and the name of the strains with the mtDNA

profiles, were reported folaeh sampled area.
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Table 3.3.1 Different mtDNA profiles found in samples collected in the wine producing area Lison,

Pramaggiore, Conegliandaldobbiadene and Piave

LISON- PRAMAGGIORE
MtDNA Samplle_s I solate name
profiles code contammg for each
the profile |sample
A 1179.1
T21.1;7T23.1;
B 4] T113b.1;
T306.11
D 1|T411.1
E 1]T411.10
F 1]T415.1
G 11 T424.1
H 1]T522.13
R 11T314.1
S 1)T317.2
U 1]T525.1
AA 5 T602.3
T606.3
AB 2] r60a.5
AC 1] T605.3
AD 1]T611.4
AE 1] T605.5
AF 1] T605.7
AG 11 T606.4
AF 11 T606.8
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CONEGLIANO-VALDOBBIADENE

MtDNA Samples I solate name
rofiles code containing for each
P the profile sample
P1 1]P301.4
P2 1] P301.16
P3 1]P293.1
P4 1|47
P5 1]B125.1
P227.11;
X39.14;
P304.8;
P6 8] P303.6;
X20.13;
X22b.4;
$43;344
P7 1]P148.1
P8 1]B125.6
P9 11B217.2
P10 1]B125.5
P173.3;
Pu B173.1;
5] C261.1;
P225.3;
X36.4
P12 1]B169.12
P13 2| $41; A5
P14 1] P304.13
P15 1] P158.4
P16 1] P304.6
P17 1] P304.5
P18 1]P283.4
P19 1]P234.15
P20 1]P304.3
P21 1]P301.3
P22 1]P138.4
P23 1|43
P24 1]P254.10
P25 1] P254.16
P26 1] P304.2
P27 1]P254.1
P28 1] P304.1
P29 11B223.8
P30 1] P304.4
P32 1]B125.3
P33 1]P234.5
P34 1]P304.11
P35 1]1B173.4
P36 1]1B197.1
P37 11B173.2
P38 1]P219.1




PIAVE
Samples | solate name

mrtcl)::ill\lei code |containing  ffor each
b the profile |sample
R101 T s
R102 e
R103 oo
R104 nETE
R105 T
R106 T
R107 1|rR12.2
R108 1|R11.1
R109 1|rR12.1
R110 1|rR12.3
R111 1|R14.4
R112 1|rR14.5
R113 1|R14.7
R114 1|R15.1
R115 1|R15.2
R116 1|R15.5
R117 1|R16.1
R118 1|R16.2
R119 1|rR31.6
R120 1|rR17.2
R121 1|R15.7
R122 1|R14.1
R123 1|R14.2
R124 1|rR14.3
R125 1|rR17.1
R126 1|R32.2
R127 1|R11.3
R128 1|R15.3
R129 1|R35.1
R130 1|rR31.4
R131 o6
R132 1|rR14.6
R133 Too
R134 1|R31.3
R135 1|Rr15.6
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PIAVE

Samples I solate name
mrtclJ:f)i'I\lé code [containing  |for each
P the profile |sample
R136 1|R35.4
R137 1|R31.2
R139 1|rR1045
R140 1|rR107.3
R141 1|R107.2
R142 1|R104.2
R143 1|R130.2
R144 1|R130.1
R145 1|R130.4
R146 1|R157.1
R148 1|R146.2
R150 1|R153.4
R151 1|R150.2
R152 1|R153.2
R153 1|R150.3
R154 1|R153.1
R155 1|R150.1
R156 1|R101.1
R157 1|R100.1
R158 1|rR117.1
R159 1|R105.2
R160 1|R105.5
R161 1|R151.2
R162 1|R104.2
R163 1|R111.1
R164 1|R139.2
R165 1|R139.3
R166 1|R139.4
R167 1|R137.2
R168 1|R128.1
R169 1|R143.2
R170 1|R1431
R171 1|R154.1
R172 1|R154.4
R173 1|R105.3




PIAVE

Samples | solate name
rrltcl)?ill\lg code containing for each
P the profile |sample
R174 1|R119.5
R175 1|R146.4
R176 1]R146.5
R177 1]R115.3
R178 1JR115.5
R179 1JR116.1
R180 1]R116.3
R181 1]R133.4
R182 1|R146.1
R183 1]R116.5
R184 1]R119.2
R185 1]R133.5
R186 1]R150.4
R187 1]R150.5
R188 1]R152.1
R189 1]R103.1
R190 1]R138.5
R191 1]R107.5
R192 1]R138.4
R193 1]R152.4
R194 1]R152.5
R195 1]R136.3
R196 1]R136.5
R197 1]R131.4
R198 1]R131.3
R199 1]R131.2
R200 1]R106.3
R201 1]R106.2
R202 1]R153.5
R203 1]R101.3
R204 1]R101.4
R205 1]R101.2
R206 1]R101.5
R207 1]R144.3
R208 1]R144.1
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PIAVE
MtDNA Samp_le;s | solate name
profiles code containing for each
the profile |sample
R209 1|R107.1
R210 1]R103.3
R211 1|R103.5
R212 1|R126.1
R213 1|R113.3
R214 1JR113.2
R215 1]R103.4
R216 1]R157.2
R217 1|R146.3
R218 1|R135.3
R219 1]R135.2
R220 1]R102.2
R221 1]R102.1
R222 1|R119.1
R223 1|R117.5
R224 1|R133.3
R225 1|R157.3
R226 1|R119.3
R227 1]R149.1
R228 1|R102.3
R229 1|R110.1
R230 1|R151.1
R231 1]R120.2
R232 (F5) 1|R155.3
R110.4;
R233 (R36) 3|R132.5;
R104.4




Indeed 132 different profls were obtained analyzing strains selected in Piave (Raboso
wine) area, while 37 and 17 were found in Conegh¥attdobbiadene (Prosecco wine) and
Lison-Pramaggiore (Lison wine) sites.

Moreover 3 profiles for Lison (B, AA and AB profiles) and Proseccgo @PBEL and P13)

were found in samples coming from different vineyards, while mtDNA profiles isolated of
Raboso strains are collected each one from only one sample.

Two Prosecco profiles, the P6 and P36, were found also in Raboso area in 4 different
sampls, R155.3 (P6 profile), R110.4, R132.5 and R104.4 (P36 profiles).

Strains profile comparison is reported in the dendrogram in Figure 3.2.1. On the basis of
MtDNA band similarities, the different profiles were divided into 16 principal clusters that
are r@resented with a corghaped form in the Figure 3.2.19. For each cluster, strain names
are reported on the right side. Commercial strains are in bold font underlined, while whole

genome sequenced commercial strains are in red bold font.
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Figure 3.3.1Similarity relationships among the strains isolated from theethwvinemaking on the basis of
mtDNA analysis.
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No cluster contained all the strains coming from the same Winemaking area, but the profile
are mixed all over the dendrogram. Moreover there is otgaa separation between strains

with technological relevance form those isolated from different environment without
important technological traits.

The first cluster, starting from the upper side, grouped 9 different strains, 7 detected in
Raboso area,ocresponding to the 78% of the total, and 2 from Prosecc (the 22%). There
are also a commercial strain, NC02, selected on oak exudates, and the sequenced clinical
strain YJM428.

In the second cluster there are 4 strains, 2 detected in Lison area andng ¢am
Raboso. The analysis point out the 100% of similarity between the profile R212 detected in
Raboso strains, and the AC profile found in Lison sites.

The third cluster grouped 10 strains, 6 isolated in Raboso, corresponding to the 60% of the
total, 2in Prosecco (20%) and 2 in Lison (20%) areas. The P6 profile is identical to the
profile obtained from the commercial strain Laffort F15, while the R150 and the AD
profiles selected on Raboso and Lison grape bunches respectively have 100% of similarity
with the commercial strain Lallemand D47. Concerning the fourth cluster, 13 strains are
present of which 11 selected in Raboso area, the 85% of the total, and 2 isolated from
Prosecco (the 15%). Moreover, the profiles P29 and R188 are identical. In tredufstiér

there are 8 different strains all selected in the Raboso area. In the following cluster (the
sixth), 2 strains, profiles P35 and P11, selected in the Prosecco area, was found. In
particular the profile P11 has 100% of similarity with the comnaénsine strain Vason
Premium Blank 12V. In the seventh cluster there are 8 strains, 5 coming from Raboso, the
63%, 2 from Prosecco (25%) and 1 from Lison area (12%). The eighth cluster point out the
presence of 9 different strains, all selected in theoRalarea. In the ninth cluster there are

10 strains selected in Raboso area that have an high profile similarity with the sequenced
clinical strain YJM653.

The following cluster grouped 19 different strains, 11 detected in Raboso area, that
correspond tolte 58% on the total, 7 from Prosecco (37%) and only 1 Lison strain (5%). In
the eleventh cluster 17 strains are present, 13 selected in Raboso area, corresponding to the

(76,5%), and 4 different strains collected from Prosecco. One of these straing ([P2&jl
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have the 100% of similarity with the commercial wine strain VRB, that is the most
common commercial starter used in winemaking in the Raboso area.

Concerning the strains that are not grouped in the 16 main clusters, there are 3 commercial
strains [allemand DV10, P444 and Vason Noveaux Ferments) and 2 sequenced ones
(Lallemand QA23 and EC1118) that have the 100% of similarity. Therefore the 2 strains
selected in Raboso area and one selected from Prosecco (P36 profile) correspond to
commercial wine tgain.

The cluster 12 is the largest, with 28 total strains detected. The 82% of the strains were
detected in Raboso area, while 11% and 7% were achieved from Prosecco and Lison
respectively. In particular the profile R107 has the 100% of similarity theghcommercial

wine strain Perdomini Blastosel GranCru.

The following cluster contains 6 strains, 67% selected in the Raboso area, while 16,5% are
Prosecco strains and 16,5% were isolated from Lison area.

The cluster 14 grouped 13 different strains, 8 ctetk in Raboso area (the 61,5%), 4 in
Prosecco (30,8%) and only 1 (6,7%) in the Lison area. One Prosecco profile, the P13, has
100% of similarity with the commercial wine strain Intec LV10. In this cluster the
sequenced strain RM11a is also present.

In the next two cluster, 7 strains are present. In the cluster 15 the 57% of the total strains
were detected in Raboso area, while the 43% in Prosecco one. Two commercial strains,
Clib219 and NCYC361, and 6 sequenced strains (Sigmal278b, DBVPG6040, S288c, Y9,
L1414 and L1374) are also present. So in this cluster there is the 46% of the total
sequenced strains considered in the survey.

The last cluster (16) 3 strains are grouped, 2 selected in Lison and one in Prosecco areas. In
this cluster 3 sequenced strains(R11631, BC187 and JAY270) and one commercial
strain, Mycoferm611, are present. In particular this last strain has 100% of similarity with

the H profile detected in Lison area.
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3.3.2 Microsatellites analysis

3.3.21 Recovery ofS. cerevisiaestrains

The 2@ autochthonousyeasts were collected in three different wine arda®QG
Proseccoof Conegliano ValdobbiadenedDOC Piave andDOCG Lison-Pramaggiore)
located in the Veneto Regignorthreast Italy) Samples collection was performed in a total

of 162 wineries collecting 97 grapes of Glera variety in the Prosecco area, 20 of Raboso
Piave variety in the Piave DOC and 45 of Tocai Italico variety in the Hsamaggiore
areaduring the 208i 2010 preharvestperiod. All the isolates were analyzed by their
mtDNA RFLP (Hinfl) and a pattern profile was attributedeach isolge. When the same
profile wasfound in more than one samplane strain fromeach sample wataken into
account.

In order to better understand yeasts evolution, 28 commercial wine siraihgling 10
strains which sequence is completely available, 2 beer strains (NCYC361 and Clib382), 2
clinical isolates (YJM428 and YJM653), 1 bread (6662), 1 laboratory (S288c), 1 oak
(NCO02), one sake (UC5) and one ragi (Y9) strains, were analyzed @eeiats and
methods for details). discorso repliche e mettere frasetta tocai resulting a total of 184

differentprofiles

3.3.22 Genotypes and strains biodiversity

The microsatellites typing has revealed 191 different genotypes out of the 184 different
profiles recovered with the mtDNA analysis, with six strains equal with others in the
survey. Only one of them has shown 100% of equal repeats number in all 18 loci with a
commercial wine strain. The 18 microsatellite loci recorded from 7 to 33 diffallefgs

per locus. SCAAT1, SCYOR267c, C5 and C4 displayed the highest number of alleles in
the global population, which was expected given the length of these repeated motifs and
their selection for high polymorphism (Legras et al. 2005). The loci COYaid 72w
showed the lowest polymorphism rate with respectively 11 and 7 alleles. The number of

alleles per locus per strain varied from two to four. The bread strain exhibited four alleles in
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one locus and three in four loci. In contrast to the resbtsined for the bread strain
96,5% of wine isolates have presented two alleles maximum for all loci, suggesting a
diploid state for most wine yeast strains. Six strains had three alleles in the C4 locus and
one strains in the C8 locus. In total 32% of tha&lates were homozygous for all loci. The
neighbougoining tree calculated from the Dc chord distance matrix for all pairs of strains

is reported in Figure 3.2
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Figure 3.3.2 Neighbourjoining tree showing the clustering of 239 yeast strains isblétem different
sources. The tree was constructed from the chord distance between strains based on the polymorphism at 18
loci and is rooted according to the midpoint method. Branches are coloured according to the substrate from

which strains have beenoigted. All the strains coming from our selection programs are in black (four of
them, that are sequenced, are in dark blue). Colour code of commercial strains (in bold font): wine, red; bread,

light blue; beer, dark green; sake from Japan, pink; raghstseown; oak tree from America, violet; clinical

isolates, black; laboratory strains, light green.
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The tree showed a clear cluster of strains coming from substrate different to wine one, like
bread, ragi, sake, laboratory, clinical isolates and anstsalated from fermenting fruit

juice (DBVPG6040 All of the commercial wine strains are equally spread all around the
tree.

There is also a cluster made up of six commercial wine strains, EC1118, P444, DV10,
QAZ23, VIN13 and NOVEAUX FERMENTS that are at¢d to five yeast strains isolated
from Raboso Piave grape variety. One strain coming from the Prosecco variety has the
same repeats number as the strain ANOVEAU>
analyzed.

Eleven strains coming from Raboso, six isadaite Prosecco and one in Tocai varieties are
related to the two yeasts isolated from beer, namely strain NCYC361 isolated in Ireland
from and Clib382 isolated in Japan.

There is an important cluster formed by ten strains isolated in the Lison area ah@Qa

strain. This strairwas isolated from oak tree exudates in the Smoky Mountains of North
Caroline in 2003So this cluster can be considered the most particular one because, despite
the other autochthonous strains isolated from grape skin, thgyoarby related with the
commercial wine strains considered in the survey. In particular they have a weak
correlation with the Asian vine (Vitis amurensis) strain Clib219w.

All the other autochthonous strains isolated in the three Veneto areas are related t
commercial yeasts considered in the surveys, including the four sequenced ones (P301.4,
P283.4, R8.3 and R103.1).

The reliability of the tree topologiesas assayed through a jackknife procedakeng out

from the analysis a locus at a time frohe tsample sefA consensus tree was obtained
through the distant matrix +&laborated with the neighbour joining clustering method using
the Mega program (data no show).

The data obtained show the high robustness of tthe branch that confirm the

effectiveness of microsatellites method usingdd@.

103



3.3.2.3 Yeast population analysis

For population analysis o@02 autochthonougeast strains were divided into six different
populatiors depending on thegeographical isolatioarea Therefore the yasts isolated in

the Prosecco area were subdivided into two pseudopopulations (named ProA and ProB), the
Piave ones into three (RabA, RabB and RabC) and the Lison ones into two subpopulations
(TocA and TocB) (figure 3.3).
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Figure 3.3.3Ecotipical yeast divided into subpopulation depending on their geographical isolation area.

A principal coordinate analysis (PCA) of molecular variance was conducted to understand
the genetic structure considering distance among major gr&pA. is a multivariate
technique that allowso find and plot the major patterns withamultivariate data set (e.qg.,
multiple loci and multiple sampledpCA is a process by which the major axesarfation

are located within a multidimensional data set. Easirccessive axis elgns
proportionatéy less of the total variatiorsuch that when there are distinct groups, the first

2 or 3 axes Wi typically reveal most of theeparation among them.
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In the analysis we have also considered the populations formed by strains caming fr
other substrates than the wine ones, like sake, ragi, beer, bread, laboratory and clinical
isolates, and for each one we have attribute a distinct population.

The results are reported in the figure 3.3.

The plane presented is built from the two fiestis which explain 43,6% of the total
variance. There is a distinct cluster of strains, in the right upper part of the plane, which
came mainly from the population TocA and TocB, and is very close with the oak strain
NCO02. Another group of strains is lded in the top left of the plane and is constituted by
ones closely related to the commercial strain Myc611, that is a commercial wine strain used
in the LisonPramaggiore area. All the other populations in the center of the plane with

commercial wine stias and the strains isolated from the different substrates.

Figure 3.34 Principal Coordinates Analysis based on genetic distaGoerd.1 = 22.79%, Coord.2 =
2081%.

Alleles frequencyfor the different populations waalso calculated for each locthe
histograms reported in figure335 represent the distribution of the alleles frequencies for

each locus considered in the surveheTlow mean allelic frequencied loci SCAAT1
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