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Introduction

Abstract

Aims: To study genomic and phenotypic changes in wine yeasts produced in
short time periods analysing yeast strains possibly derived from commercial
strains recently dispersed.

Methods and Results: We conducted a genomic and phenotypic comparison
between the commercial yeast strain EC1118 and two novel strains (LV CB and
L-957) isolated from different wine areas industrially intervened <20 years ago.
Molecular analysis by amplified fragment length polymorphism (AFLP) and
RAPD-PCR was not able to distinguish between these strains. However, com-
parative genomic hybridization (aCGH) showed discrete DNA gains and losses
that allowed unequivocal identification of the strains. Furthermore, analysis of
aCGH data supports the hypothesis that strains LV CB and L-957 are deriva-
tives from strain EC1118. Finally, scarce phenotypic differences in physiological
and metabolic parameters were found among the strains.

Conclusion: The wine yeasts have a very dynamic genome that accumulates
changes in short time periods. These changes permit the unique genomic iden-
tification of the strains.

Significance and Impact of the Study: This study permits the evaluation of
microevolutive events in wine yeasts and its relationship with the phenotype in
this species.

such as alcohol tolerance (11-14%), reproducibility of the
fermentation, low concentration of residual sugar

The transformation of grape must into wine is a complex
microbiological process that involves different yeast and
bacterial species. However, as alcohol concentration
increases, the genus Saccharomyces becomes the dominat-
ing yeast where S. cerevisiae is the main species responsi-
ble for alcoholic fermentation (Pretorius 2000). The
addition of dehydrated, active commercial wine yeast to
the must as starter of fermentation has been common
practice in wine-making for various decades (Querol ef al.
1992). Commercial S. cerevisiae strains are derived from
selected yeast isolates based on phenotypic characteristics

(2-5¢ I, production of desirable esters, low production
of volatile acids, high fermentative rate, ability to domi-
nate diverse fermentation conditions, tolerance to other
micro-organisms and minimal impact on grape varietal
character (Bisson 2004; Cocolin et al. 2004). Hence, it is
increasingly common to find that wild yeasts collected in
different areas are identical to widely used commercial
strains (Legras et al. 2005; Valero et al. 2005; Bradbury
et al. 2006). Furthermore, our previous work has demon-
strated that in regions with high industrial wine-making
activity, the diversity of non-Saccharomyces yeasts is lower
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than in regions where these practises are not occurring
(Ganga and Martinez 2004). Additionally, yeast popula-
tions from nonindustrial areas have 40% higher genetic
diversity than populations isolated from industrial areas,
with no consensus with respect to the role that yeasts,
introduced through industrial activity, play in the diver-
sity of these ecosystems (Ganga and Martinez 2004; Valero
et al. 2005; Cubillos et al. 2009). Hence, in this context,
the release of commercial S. cerevisiae strains into the
environment would, in time, result in genome changes
that could correspond to adaptative mechanisms to the
new environments encountered by the yeasts in nature
(Schuller et al. 2007).

The S. cerevisiae wine strains are mostly diploid, homo-
zygous and homothallic (Mortimer et al. 1994; Bradbury
et al. 2006; Cubillos et al. 2009) with chromosome poly-
morphisms favoured by the recombination of Ty retro-
transposons or repeated subtelomeric sequences (Querol
et al. 2003). It has been described that some of these
genomic rearrangements may confer an adaptative advan-
tage to different environmental conditions (Bakalinsky
and Snow 1990). Hence, genome changes that facilitate
the adaptation of the yeasts have been described. An
example is reciprocal translocation between chromosomes
VIII and XVI that confer resistance to sulfite as a result
of a change in regulation of the SS1 allele (Pérez-Ortin
et al. 2002). Furthermore, frequency of homologous
recombination during mitosis (Puig et al. 2000), changes
in yeast ploidy and changes in gene copy number are
mechanisms that favour environmental adaptation of the
yeast (Bakalinsky and Snow 1990; Infante et al. 2003).

Genetic variability of wine yeasts has been demon-
strated using various analysis tools at the molecular level
(Schuller et al. 2004). This enabled characterization and
discrimination of S. cerevisiae wine strains (Querol et al.
1992; Baleiras Couto et al. 1996). Amongst them, pulsed-
field gel electrophoresis (PFGE) (Martinez et al. 2004),
randomly amplified polymorphic DNA (RAPD-PCR)
(Fernandez-Espinar et al. 2003), restriction analysis of the
mitochondrial DNA (mtDNA-RFLP) (Fernandez-Espinar
et al. 2001), amplified fragment length polymorphism
(AFLP) (de Barros Lopes et al. 1999; Flores Berrios et al.
2005), amplification of interdelta regions by PCR (Legras
and Karst 2003) and microarray comparative genomic
hybridization (array CGH or aCGH) (Winzeler et al.
2003; Dunn et al. 2005; Carreto et al. 2008). The aCGH
analysis has established that major differences between
laboratory strains of S. cerevisiae are found in subtelomer-
ic regions (Winzeler et al. 2003) and that the S. cerevisiae
wine strains show a gene copy number variation that dif-
ferentiate them from laboratory strains and strains of
clinical origin. Differences were found in genes related to
the fermentative process such as membrane transporters,
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ethanol metabolism and metal resistance (Dunn et al.
2005; Carreto et al. 2008).

The French commercial wine strain EC1118 is exten-
sively used worldwide. In the regions of Casablanca
(Chile) and Mendoza (Argentina), it has been used for
the last two decades. Studies carried out in our laboratory
using molecular markers have demonstrated that the
commercial strain LV CB and the native strain L-957 iso-
lated from Casablanca and Mendoza, respectively, show
very similar molecular patterns. Additionally, studies
using mtDNA-RFLP and PFGE showed a close phylo-
genetic relationship between strains EC1118 and LV CB,
whilst having very different geographic origins (Martinez
et al. 2007).

With the objective of studying genomic and phenotypic
changes between similar yeast isolated from different
origins, we carried out a genomic and phenotypic com-
parison of strains LV CB, L-957 and EC1118. AFLP and
RAPD-PCR suggest that the three strains are closely
related. In contrast, aCGH results indicate that LV CB
and L-957 share amplifications and deletions supporting
that strain EC1118 is a common ancestor. Various kinetic
and fermentative parameters were evaluated and signifi-
cant phenotypic differences were detected between strains,
some of which may be explained by differences at the
genomic level.

Materials and methods

Yeast strains and culture

Strains EC1118 and LV CB were commercially purchased,
and strain L-957 was obtained from the collection of the
Laboratorio de Biotecnologia y Microbiologia Aplicada of
the Universidad de Santiago de Chile (Table 1). All
strains were maintained in YPD media (2% glucose, 0-5%
peptone and 0-5% yeast extract) at 4°C following growth.

AFLP

The AFLP analysis was carried out according to the
method described by de Barros Lopes et al. (1999). The
amplification products were separated by polyacrylamide
gel electrophoresis at 6% and visualized by silver staining

Table 1 Strains used in this study

Species Strain Origin
Saccharomyces cerevisiae EC1118 Champagne/France
S. cerevisiae LV CB Casablanca/Chile

S. cerevisiae L-957 Mendoza/Argentina
S. cerevisiae S288c California/USA
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(Silver Sequence DNA Sequencing System, Promega,
USA).

Microarray analysis

Whole genome yeast Y6-4K7 cDNA microarrays were
purchased at the University Health Network Microarray
Centre, Toronto, Canada. They consist of double-spotted
slides containing 6240 yeast ORFs. All microarray exper-
iments were conducted as dye-swap replicates resulting
in a quadruplicate data set for each sample analysed.
Genomic DNA was isolated with the Wizard® kit (Pro-
mega, USA). Briefly, 5 ml of culture was centrifuged at
16 000 g for 5 min. The pellet was washed with 285 ul
of EDTA 50 mmol 1" followed by the addition of 15 ul
of Zymoliase 100T 10 mg ml~" (Seikagaku Corporation,
Japan) and incubation at 37°C for 2 h. After incubation,
the cells were centrifuged at 16 000 g for 5 min. The
pellet was washed with 400 pl of nucleolysis solution
and treated with 133 pl of protein precipitation solution
(Promega, USA) for 40 min on ice. The cell lysate was
centrifuged at 13 000 g for 30 min at 4°C and the
supernatant was transferred to an Eppendorf tube
containing 300 pul of 2-propanol. This mixture was cen-
trifuged at 14 000 g for 15 min; the pellet was washed
with 300 ul of 70% ethanol and centrifuged at 14 000 g
for 5 min. The DNA was finally resuspended in 50 ul of
TE buffer. Genomic DNA was quantified by UV spectro-
photometry and then digested with EcoRI (Fermentas,
USA) using standard conditions. One microgram of
digested DNA was employed in the labelling-amplifica-
tion reaction with the Bioprime Array CGH Genomic
Labeling System (Invitrogen, USA). The fluorescent
Alexa Fluor 647 dUTP and Alexa Fluor 555 dUTP
nucleotides were used (Invitrogen, USA). Clean-up of
labelling reactions was done with the MiniElute PCR
Purification Kit (Quiagen, USA). Labelled DNA was
combined to a final volume of 65 ul hybridization solu-
tion consisting of 25% deionised formamide, 5x SSC,
0-1% SDS and 15 ug of denatured—sonicated fish sperm
DNA. The hybridization mixture was denatured at 99°C
for 3 min, pre-incubated at 37°C for 2h and then
deposited on the microarray surface. Slides
enclosed in  individual  hybridization = chambers
(Telechem, USA) and incubated at 42°C for 24 h.
Washes were performed sequentially as follows: 5 min in
a 2x SSC-0'1% SDS solution, 5 min in a 1x SSC solu-
tion, 1 min in a 0-2x SSC solution, and 1 min in 0-05X
SSC solution. Slides were dried by centrifugation at
1000 g for 10 min and immediately scanned in a Scan-
Array Lite fluorescence scanner (PerkingElmer, USA).

were

Images were saved in tiff-format and analysed with the
GENEP1XPrRO 6.0 software (Molecular Devices, USA).

F. Salinas et al.

Data normalization was performed with the DMAD tool
and filtered with the preP tool at Asterias website (Diaz-
Uriarte and Rueda 2007). Detection of DNA gains and
losses was performed with the ADaCGH software, also
part of Asterias (Diaz-Uriarte and Rueda 2007). Cluster
analysis was done with the MEV software (Saeed et al.
2003). Raw and processed data were deposited on the
Gene Expression Omnibus database, accession number
GSE 16941.

Growth rate and biomass

Growth was assessed with a synthetic must of the follow-
ing composition: tartaric acid 5 g 17!, malic acid 5 g 17/,
calcium chloride (dihydrate) 0-3 g 17!, magnesium sulfate
13g1”', ammonium phosphate 12 gl™', fructose
100 g 17!, sucrose 5 gl17', glucose 100 g 17!, potassium
hydroxide 25 g 17", vitamin solution 2 ml 1", The must
was autoclaved for 21 min at 15 psi and the vitamin

"-em e T

Figure 1 Amplified fragment length polymorphism (AFLP) analysis of
wine yeasts. Lanes: 1; EC1118, 2; LV CB, 3; L-957, 4; 5288C.
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solution added. The vitamin solution contains the follow-
ing: thiamine 1152 g 17", biotin 4-8 x 107> g 17!, nicotinic
acid 23 gl!, pyridoxine hydrochloride 023 g1,
calcium pantoneate 1-152 g 17" and sulfuric acid 025
mol I”'.  Growth curves were obtained with initial
inoculums of 15x 10° cells per ml in 200 ml of
synthetic must at 28°C. Absorbance of cultures was
measured at 600 nm every hour up to 35 h. Biomass
was determined in the same culture conditions up to
30 h of incubation. Cells were recovered by centrifuga-
tion at 15 700 g for 15 min, dried, weighed and diluted
in 10 ml of synthetic must. The absorbance of each
dilution was measured at 600 nm; therefore, biomass
(mg ml™") vs time curves were constructed, calculating
the maximum growth rate (fys) with the slope of the
curve situated on the points where the yeasts were in
exponential phase.

Physiological characterization

Strains were characterized for their ability to ferment
D-glucose, galactose, melibiose, maltose and sucrose, as
well as their ability to use p-glucose, galactose, p-xylose,
sucrose, fructose, maltose, raffinose, melezitose, sorbitol,
p-mannitol, malic acid, citric acid, tartaric acid and etha-

Microevolution in wine yeasts

nol as sole carbon source for aerobic growth and cyclo-
heximide (actidione) resistance (0-01 and 0-1%) using
YNB (Sigma, USA) as nitrogen basal medium (Kurtzman
and Fell 1998; Combina et al. 2005). Prior to the evalua-
tion, the strains were cultured in a starvation medium to
avoid false positives as suggested by Kurtzman and Fell
(1998). All the assays were done in triplicate. The carbon
sources evaluated were based on the composition of
grapes and wines (Flanzy 2000).

Fermentation in natural must

Fermentation was carried out in triplicate 500-ml Erlen-
meyer flasks containing 300 ml of the Bonarda variety
must with 240 g I”! of reduction sugars, 7 g 1" of tartaric
acid and pH 3-5. The must was individually inoculated
with each strain at 2 x 10° cells per ml. Flasks were kept
at 25°C without agitation and plugged with glass fermen-
tation traps containing sulfuric acid to allow only CO, to
evolve from the system. The fermentation evolution was
followed daily by loss of weight (until constant weight)
(Schuller et al. 2004). Volatile acidity, pH, ethanol and
residual sugar concentrations were determined by stan-
dard methods (Nelson 1944; Somogyi 1945; Zoecklein
et al. 1995). Fermentation rate was calculated as the

Table 2 Gene copy number variations in yeast strains EC1118, LV CB and L-957

Strains Changes* ORFst
EC1118 Amplifications YALO68C, YALO69W, YARO02W, YARO07C, YAROO8W, YAR014C, YAR020C, YARO31W,
Chromosome | YARO33W, YARO35W, YAR042W, YAR062W, YAR066W, YARO69C, YARO71W,
YARO73W.
EC1118 Amplifications YCRO027C, YCR028C, YCR032W, YCR033W, YCR034W, YCR035C, YCR0O36W, YCR0O37C,
Chromosome Il YCR0O40W, YCR042C, YCR045C, YCR047C, YCRO48W, YCRO52W.
EC1118 Amplifications YLROO3C, YLROO4C, YLROO5W, YLROO7W, YLROO9W, YLRO11W, YLRO14C, YLRO15W,
Chromosome XII YLRO16C, YLRO18C, YLRO19W, YLR020C, YLRO21W, YLR022C, YLRO23C, YLRO25W,
YLRO26C, YLR0O27C, YLR028C, YLR029C.
LV CB Deletions YDL242W, YDL243C, YDL244W, YDL245C, YDL246C, YDL247W, YDL248W.
Chromosome IV
LV CB Deletions YJRO25C, YJR026W, YJR028W, YJRO30C, YJRO32W.
Chromosome X
LV CB Deletions YOL161C, YOL162W, YOL163W, YOL164W, YOL165C, YOL166C.
Chromosome XV
LV CB Amplifications YLR162W, YLR163C, YLR164W, YLR165C, YLR166C, YLR168C, YLR170C, YLR172C,
Chromosome Xl YLR173W, YLR174W, YLR175W, YLR176C, YLR177W, YLR178C, YLR179C, YLR180W,
YLR181C, YLR182W, YLR183C, YLR184W, YLR185W, YLR187W, YLR189C, YLR191W,
YLR192C, YLR193C, YLR194C, YLR195C, YLR196W, YLR197W, YLR199C, YLR201C,
YLR202C, YLR203C, YLR204W, YLR205C, YLR206W, YLR207W, YLR208W, YLR209C,
YLR210W, YLR212C, YLR213C, YLR214W, YLR215C, YLR216C, YLR218C, YLR219W,
YLR220W, YLR221C, YLR222C, YLR224W, YLR225C, YLR226W, YLR227C.
L-957/LV CB Amplifications YPL272C, YPL273W, YPL274W, YPL275W, YPL276W, YPL277C, YPL278C, YPL279C,

Chromosome XVI

YPL280W, YPL281C.

*Microarray CGH data were analysed with the online tool ADaCGH (11). Median Centering and circular binary segmentation were used to define

gene amplifications and deletions.
+TORFs name from Saccharomyces genome database.
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amount of CO, produced after 3 days of fermentation
(CO, dayfl). Efficiency in conversion of sugar to ethanol
was calculated as the amount of sugar concentration
required to produce 1 alcoholic degree (Marullo et al.
2006).

Statistical analysis

The #-student statistical analysis was carried out using the
software STATGRAPHIC 4-0 (Statistical Graphics, Cheshire,
CT). Gaussian distribution of fermentative data and vari-
ance homogeneity were checked by standardized Skewness
and Cochran’s tests, respectively. According to these
results, parametric tests (anova following LSD Fisher
test) or nonparametric tests (Kruskall-Wallis) were

B
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s m m
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m 33

YAROG6W
YLRO11W
YLR175W
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YLR196W
YAL068C
YLR205C
YLR210W
YJRO30C
YLR163C
YLR213C
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YLR216C
YLRO19W
YLR029C
YCR027C
YAROO8W
YCR034W
YCR040W
YLR0O03C
YLR166C
YLR206W
YLR224W
YAR069C
YLR020C
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YCR042C
YARO042W
YLRO15W
YCRO032W
YLR0O16C
YCR048W
YLR026C
YARO35W
YCR045C
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YARO71W
YAR007C
YOL161C
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applied to find significant differences between means of
fermentative data. Statistical significance was determined
at the level P < 0-05 using STaTGrAPHIC 4.0 (Statistical
Graphics).

Results

Genomic comparison between wine yeasts

With the objective of differentiating the wine strains
EC1118, LV CB and L-957, their genomes were analysed
by AFLP (Fig. 1). The AFLP analysis did not show differ-
ences between these wine strains obtaining similar ampli-
fication profiles for all of them (Fig. 1). Moreover,

RAPD-PCR analysis shows little difference between these
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YPL277C
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YLR176C
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YLR170C
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YLR221C
YLR182W
YLR191W
YLR212C
YLR203C
YLR220W
YLR227C
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YLR214W
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Figure 2 Comparison of aCGH profiles among strains. Significantly altered regions were subjected to hierarchical clustering with the MeV tool
(32). Pearson correlation was the metric distance used. Gene and sample dendrogram trees are shown. Each column corresponds to the average

of two values from a single array.
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strains, and the amplification of delta sequences did not
discriminate between strains EC1118 and LV CB; how-
ever, strain L-957 lacked a band of c¢. 160 bp present in
strains EC1118 and LV CB (data not shown).

Given that the results obtained using molecular mark-
ers suggested that the three wine strains have very similar
genomes, we decided to apply a more sensitive approach,
namely aCGH. For this purpose, the genome of each
yeast strain was hybridized against the laboratory type
strain S288C as reference DNA. In addition, a control,
‘self-to-self microarray experiment was conducted with
genomic DNA of strain S288C. Overall, the results
obtained suggest a close phylogenetic relationship among
the three strains. However, characteristic amplifications
and deletions allowed their discrimination. Strain EC1118
showed amplifications in chromosomes I, III and XII
(Table 2) with approximate sizes of 44, 59 and 46 kbp,
respectively. Strain LB CV displays discrete deletions
located in chromosomes IV, X and XV (Table 2) with
approximate sizes of 18, 21 and 10 kbp, respectively, in
addition to amplifications located in chromosomes XII
and XVI (Table 2) with approximate sizes of 102 and
17 Kbp. Strain L-957 showed an amplification in chromo-
some XVI similar to that found in strain LB CV that
spans over 10 genes (Table 2). Microarray data of signifi-
cantly altered regions in the whole genome of the three
wine strains were subjected to a hierarchical clustering
analysis (Fig. 2); this result in addition to the history of
commercial wine yeast strain use in South America sug-
gests that strains LV CB and L-957 are derived from the
commercial strain EC1118.

Phenotypic comparison of yeast strains

Because the three yeast strains are genetically related and
the differences at the genome level could be related with
phenotypic changes, the metabolism of some carbonated
compounds and various kinetic and fermentative para-
meters were evaluated. The growth curves of the three
strains showed similar kinetic parameters, without signifi-
cant differences (Student’s t-test, P < 0-05) for maximum
growth rate and production of biomass in synthetic med-
ium (Fig. 3). Furthermore, no differences were found in
generational time, lag phase time and exponential phase
time in the three strains (data not shown).

The assimilation and fermentation profiles of different
carbon sources were determined for the three strains. As
with the kinetic parameters, the strains show very similar
phenotypes for assimilation and fermentation profiles,
only strain LV CB showed the ability to ferment galactose
as laboratory strain S288C does (Table 3).

Fermentation in natural must provided insights on
strain behaviour under similar conditions found in wine-

© 2010 The Authors

Microevolution in wine yeasts

making and evaluated fermentative parameters (Table 4).
The chemical composition of the wines obtained with
strains LV CB and L-957 show significant differences in
the percentage of ethanol, volatile acidity and efficiency,
with no differences in residual sugar and volatile acidity
when individually compared to strain ECI118. On the
other hand, strain L-957 showed a higher fermentative

@ 4o
0-18 |
0-16 |-
0-14 |

012

Growth rate (h™")
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0-02

EC1118 Lv CB L-957 S288C

®) 14

H

12 ¢

10

Biomass (mg ml™")

EC1118 Lv CB L-957 S288C

Figure 3 Growth rate and biomass production of wine yeasts.
(@) Maximum growth rate (umax) in synthetic must. (b) Biomass
production in synthetic must. The average of triplicates with their SD
is shown. The asterisk depicts significant differences with respect to

strain S288C (t-student P < 0-05).
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Table 3 Carbon source usage of four yeast strains

Yeast strains

Compounds L-957 EC1118 LV CB $288c

Assimilation
p-glucose + + + +
Galactose - - + -
Melezitose - - - -
Maltose
Sucrose
Fructose
Raffinose
p-xylose - - - -
Malic acid - - - -
Citric acid - - - -
Tartaric acid - - - -
p-mannitol - - - -
Sorbitol - - - -
Ethanol + + + +

Fermentation
p-glucose + + + +
Galactose - - +D* +
Melibiose - - - -
Maltose + + + +
Sucrose + + + +

Resistance
Cycloheximide 0-1% - - - -
Cycloheximide 0-01% - - - -

*D = positive delay (positive after 7 days).

rate and strain LV CB a lower efficiency in conversion of
sugars to ethanol, when compared to strain EC1118 in
the conditions evaluated (Table 4). The results of the
comparison between kinetic and fermentative parameters
of the three wine strains showed differences in the fer-
mentative phenotype.

Discussion

The impact of introducing new strains on yeast popula-
tion in regions intervened by the wine-making industry
has been recently assessed. Biodiversity of yeast is low in
industrialized areas, both at the species (Ganga and

F. Salinas et al.

Martinez 2004) and at the strain (Cubillos et al. 2009)
levels, compared to regions where oenological practices
do not use commercial yeasts.

Strains LV CB and L-957 were isolated in Casablanca
(Chile) and Mendoza (Argentina), respectively. In these
regions, the commercial strain EC1118, of French origin,
has been intensively used for the past two decades. Previ-
ous studies showed that strains EC1118 and LV CB are
phylogenetically related even though they have different
geographic origins and both strains are genetically
different to strains isolated in Chile as shown by cluster
analyses (Martinez et al. 2007). This evidence suggests
that strain LV CB derived from EC1118 in the last two
decades. Here, we report evidence to extend a similar
conclusion about strain L-957. Furthermore, we show that
strains EC1118, LV CB and L-957 display similar genomes
with small DNA copy number alterations which permit
their discrimination. Methodologies widely used to differ-
entiate strains used by us are in agreement with data pre-
viously published (Martinez et al. 2007) indicating a tight
genetic relationship between the three strains (Fig. 1 and
data not shown). Hierarchical clustering analysis (Fig. 2)
of aCGH data suggests that strains LV CB and L-957 are
derived from the commercial strain EC1118. This is sup-
ported by the history of use of strain EC1118 in this
region of South America which has undergone a recent
industrialization of the wine-making activity.

The high genetic diversity of S. cerevisiae wine strains
has been shown through multiple analyses at the molecu-
lar level (Schuller et al. 2004); and recently, diversity in
yeast populations was demonstrated by genome sequenc-
ing of yeasts from different geographic origins (Liti ef al.
2009). However, the aCGH analysis is useful and accurate
to understand the genetic diversity in natural populations
of yeast (Carreto ef al. 2008). Using aCGH, Dunn ef al.
(2005) determined that copy number variations between
yeast strains are moderate and correspond to hexose
transporters and metal resistance genes. Comparisons of
laboratory, clinical and wine S. cerevisiage strains using
aCGH demonstrated the existence of characteristic
gene copy number variations in wine-related strains that

Table 4 Chemical and fermentative data of the four strains in natural must

Parameters
Ethanol Residual sugars Volatile acidity Fermentation Efficiency (g I
Strain (%v v (g™ (g™ rate (g CO, d™) sugar/% v v~ ' ethanol)
L-957 13-67 + 0-03° 2-85 + 0-04° 0-84 + 0-10° 6:12 + 0-39° 17-21 + 0-04°
LV CB 13-07 + 0-18% 2:81 + 0:05° 097 + 0:01°° 575 + 0:12°¢ 18:01 + 0-24°
EC1118 1357 + 0-20*° 272 + 0-06° 0-85 + 0-03° 524 £ 0212 17-35 + 0-26°
$288c 12-90 + 0-15°7 1335 + 2-35° 111 + 0-01° 4-72 + 0-09° 17-42 + 0-03?

Data are means of triplicates. +SD is indicated. Number with no shared superscript letters within the same column is statistically significant

difference (P < 0-05).
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differentiate them from strains of clinical origin or from
the laboratory (Carreto et al. 2008). Our aCGH results
showed genome changes in the strains analysed that allow
their ~ discrimination. The observed rearrangements
include copy number variation of genes related to the fer-
mentative process, such as gene PAU7 which is active
only during fermentation and is regulated by anaerobio-
sis, and genes coding for transcription factors as well as
other unknown functions (Table 2). The PAU genes are
related to the adaptation of yeast to the stress conditions
in wine production, increasing the transcription of these
genes in alcoholic fermentation (Rachidi et al. 1999,
2000). In this sense, the amplification of the PAU7 gene
in chromosome I of strain EC1118 could be related to the
adaptation of this yeast to the fermentation process.

Because the three yeast strains are genetically related
and the differences at the genome level could be related
to phenotypic changes, we carried out a phenotypic anal-
ysis using assimilation profiles and fermentation in natu-
ral must.

Scarce differences were found between the strains.
Comparison of maximum growth rates and biomass
production between wine yeast strains did not show
significant differences in synthetic must (Fig. 3). It has
been described that fermentation in diverse carbon
sources allows discrimination of S. cerevisiae wine strains
(Combina et al. 2005). Our results are in agreement with
metabolic profiles described for this species (Kurtzman
and Fell 1998).

On the other hand, fermentative variables evaluated in
natural must showed significant differences between
strains (Table 4). This fact could be related to a differen-
tial phenotype associated to its adaptation to the wine-
making environment which may be explained by changes
in gene expression patterns during the fermentative pro-
cess (Cavalieri et al. 2000; Zuzuarregui et al. 2006).
Knowledge of the genes involved in the DNA copy altera-
tions detected in our study, particularly those with
unknown function, could explain the differences found in
the fermentative phenotype of the strains evaluated.
Moreover, regression analysis between fermentation rate
(Table 4) and the copy number variation by aCGH
(Table 2) show genes with positive correlation (YAR073W
chromosome I; YPL273W, YPL275W, YPL279C; chromo-
some XVI). This means that gaining a copy of the four
genes increases the fermentation rate (data not shown).
The genes YAR073W, YPL275W and YPL275c¢ correspond
to a dubious ORF, pseudogene and uncharacterized ORF
respectively; only the gene YPL273W corresponds to
S-adenosylmethionine-homocysteine methyltransferase
involved in methionine biosynthesis (Thomas et al. 2000).

Finally, the results obtained suggest that yeasts com-
mercially disseminated in the environment can accumu-

© 2010 The Authors
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late changes in the genome in short periods of time,
generating new genotypes that modify aspects such as
their fermentative phenotype.
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