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A DNA-based method has been applied to the identification of several musts and wines using
microsatellite markers. DNA was extracted from the solid phases of sixteen monovarietal and five
multivarietal musts (mixtures of two musts down to a 4:1 proportion) and they were genotyped at
seven microsatellites through a multiplex PCR reaction and automated fluorescent detection. PCR
multiplexing was successful in monovarietal musts, but should be used with caution with at least
some markers and in multivarietal musts. The same extraction and detection methods were
unsuccessfully applied to the solid and liquid phases of five monovarietal commercial wines, even
after using different concentration procedures. Nucleic acids presence was then studied in a recent
must, during the fermentation process, and during the subsequent steps of winemaking. Genotyping
was possible in the resulting experimental wine until decanting, when the particles in suspension
were removed. These results suggest that wine authentication through DNA analysis is not possible
in commercial wines, in the tested conditions.
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INTRODUCTION techniques, such as biochemical or morphological analyses

In the last several years, premium wines have acquired a greaf€'formed on vegetative plant tissues.
relevance at a worldwide level because of the specific charac- Molecular markers based on DNA analysis have been
teristics of the grapes used. These wines are chosen assuccessfully applied to the cultivar identification\dfis vinifera,
representatives of important winery zones assigned to Appel-especially those that are PCR-based, such as RAPDs1¢),
lations of Origin, where an exhaustive control to guarantee their Sequence-tagged microsatellite sites (STMS$—(7), and
authenticity is required. The search of precise methods to AFLP (18—20). These are the most reliable and powerful
identify the cultivars employed in winemaking is, in this way, techniques with which to tackle the cultivar identification. So,
a main objective of Regulatory Councils to ensure the fulfilment it seems to be possible to use them to guarantee the authenticity
of legal dispositions and the final quality of the product. of wines. STMSs are the markers of choice for varietal

In the literature, few methods of cultivar identification of identification for several reasons: they are codominant, highly
grape musts and wines are described, due to the complexity ofreproducible, and easy to score, and they allow the establishment
this purpose. One of the most successful methods is the nativeof interchangeable databases among different laboratories. At
electrophoretic analysis of total grape must proteins in poly- the moment, different tissues have been used as sources of DNA
acrylamide gels (native-PAGE} {-3). Other methods are based material. Leaves are the preferred tissug,(but others such
on the analysis of phenolic profiled)( amino acid profiles§, as roots 22), shoot tips 16), in vitro plantlets and calluse23),
6), trace elements and isotop&s§), or terpens and other aroma  cambium 24), and berries and raisin2%) have been used.
compounds¥—11). Through these methodologies it is possible, Recently, two research groups have applied the STMS analysis
in most of the cases, to determine the grapevine variety used toto the study of grape products, such as grape jud® &nd
obtain the must, but these methods are time-consuming and ddfermenting musts, and experimental wines immediately after
not always give definitive results. Sometimes they provide only the end of the fermentation procesg7) These are the
information that is complementary to that obtained using other preliminary works for the cultivar identification in wines by
DNA analysis. Both research groups obtained positive results,
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Table 1. Musts Employed in STMS Analysis controls at 4°C with sulfur dioxide addition to prevent fermentation,
whereas containers ;Band B were submitted to a typical red
cultivar vintage color vinification process. Fermentation started spontaneously at day 2, and
Airén 1999 white finished day 6. The fermented musts were separated from skins and
Albillo 1999 white seeds on day 9, and decantings were performed on day 15. After this,
Chardonnay 1999 white containers were stored af@ until the end of the experiment. Aliquots
Garnacha 2000 red of 1.5 mL of each container (both controls and fermenting musts) were
Macabeo 1999 white collected daily during a 22-day period, and were stored 2@ °C for
Malvar 2000 white subsequent DNA analysis. Temperature and density were monitored
m;;g?;éeLgrano menudo ;gg? Vrvgs'f daily in the four containers during this period. Conventional analyses
Parellada 2000 white were carried out in these experimental wines following the OIV methods
Pedro Ximénez 1999 white (28).
Red Globe 2001 rosé Sample Preparation.DNA extractions were directly carried out in
Riesling 1999 white musts. Wine samples, however, were subjected to different treatments
Sauvignon Blanc 1999 white prior to extraction in order to concentrate the nucleic acids present in
Tempranillo 2000 red the solution and to reduce sample volumes.
Torrontés 1999 white

Ugni Blanc 1999 white Solid-Phase Obtentiowines (750 mL) were centrifuged at 15300
for 10 min at 4°C. Pellets were transferred to a microtube and stored
at —20 °C for posterior DNA analysis.

In this work, the goodness of STMS analysis for the varietal _ " recipitation with 2-Propanc-Propanol (0.7 vol) was added to
supernatants obtained in the previous centrifugation. After homogeniza-

idgntificatiqn of musts and wines has.been evaluated.. Sevention’ the mixture was kept fol h at 4°C, and then centrifuged at
mlcrosatglllte markers hgve_ been apphed_to the analysis of _16 1530Q for 10 min at 4°C. The pellet was stored at20 °C until
monovarietal and 5 multivarietal musts (mixtures of 2 musts in gnalysis.

different proportions), 5 monovarietal wines, and 1 must during  Dialysis. Wines (750 mL) were dialyzed against running water on
the fermentation process and subsequent steps of winemaking000-8000-Da Cellu Sep T1 membranes (Membranes Filtration
(decanting process) until its complete transformation into a wine. Products, Inc., San Antonio, TX) for 48 h.

Siret et al. 27) provided some suggestions to improve the Concentration under Low Pressurdéfter dialysis, wines were
method they have developed, such as to increase the volumesoncentrated under vacuum to approximately 20 mL, and precipitated
and to concentrate the samples, to use other microsatellite loci,With 0.7 vol of 2-propanol.

and to employ more sensitive methods such as automatic Concentration by LyophilizatiorDialyzed wines were lyophilized
: . d stored at-20 °C until analysis.

sequencers. In this work, all these suggestions have beerf" ) . . . ) .

q 99 DNA Extraction. DNA extraction was carried out in duplicate in

foIIowgd and applied to comrgerqal Wmﬁs' lt. ma.y bet::on5|dered all samples using the method described by Faria et24). (Must
as an important step toward wine _aut_ entication, ecause, Up.'samples (1.5 mL) were first centrifuged to obtain the solid phases from
to now, no reports about authentication of experimental or \yhich DNA was obtained. For wine samples, the initial volume was

commercial wines are available. always 750 mL. After being treated as described above, DNA extraction
procedure was performed in both liquid and solid phases. When

MATERIALS AND METHODS indicated, DNA was further purified using the Dneasy Plant Mini Kit
Samples. Musts. A total of 16 monovarietal musts have been (Qiagen, Hilden, Germany) column, according to the manufacturer’s

analyzed Table 1). The list includes white, rdseand red grape instructions.

cultivars. The influence of sulfur dioxide addition to musts on DNA DNA quality and quantity was determined on a 0.8% agarose gel

analysis has been studied by comparing musts from 3 cultivars stained with ethidium bromide in TAEX (40 mM Tris—acetate, 1

(Garnacha, Napolen and Tempranillo) supplemented withOs (80 mM EDTA) pH 8.1 buffer, by visual comparison with known quantities

mg/L) with their corresponding controls. Multivarietal musts were of lambda DNA.
prepared in the laboratory by combining different proportions (v/v) of Microsatellite Amplification. Musts and wines were genotyped at
Tempranillo (T) and Garnacha (G) musts (100/0, 80/20, 60/40, 50/50, the following microsatellite loci: VVS2, VVS516), VVMD5, VVMD7
40/60, 20/80, and 0/100) in final volumes of 20 mL. Once prepared, (16), ssrVrZAG47, ssrVrZAG62, and ssrVrZAG727%). Microsatellite
all the musts were stored in 1.5-mL aliquots-&20 °C until analysis. VVS29 (primer sequences taken from a CSIRO web page, now not
Commercial Wined-ive varietal wines of Malvar, Viura, Cabernet  available) was also included in the analysis of DNA extracted from
Sauvignon, Garnacha, and Tempranillo cultivars were produced in the sulfited musts. In monovarietal musts, multiplex PCRs including all
experimental cellar of the IMIA (Madrid, Spain). Grapes were collected the microsatellite primers were carried out. The reaction mix was as
at maturity from vines grown at the Germplasm Bank (BGV) of the follows: Biotools buffer & (75 mM Tris—HCI pH 9.0; 50 mM KCI;
IMIA (vintage 2000), and crushed in a dishes press. Juices were 20 mM (NHs),SQOy), 2 MM MgCl; 250uM of each dNTP; 0.075 Wil
transferred into stainless steel tanks (from 50 to 100 L), and a sulfited of Biotools DNA Polymerase; 2.56L of DNA extract and the primers:
solution was added to stabilize the juice. The fermentation process VVS5 primers 0.2&M each; VVMD7 primers 0.0xM each; VVS2
started spontaneously, as no yeasts were added. Temperature and densityimers 0.12uM each; VVMD5 primers 0.3«M each; ZAG 47
were monitored daily. Juices from Cabernet Sauvignon, Garnacha, andprimers 0.15M each; ZAG 62 primers 0.06M each; ZAG 79 primers
Tempranillo were treated as red wines (i.e., with maceration of skins 0.20uM each; and primers VVS29 0.1fM each (when included). A
and seeds), whereas juices from Malvar and Viura were treated as whitePTC-100 MJ Research thermocycler (Watertown, MA) was pro-
wines (i.e., without maceration of skins and seeds). Once fermentation grammed for the following: 1 cycle [95C, 5 min], 39 cycles [94C,
was finished, decantings were performed, and the newly made wines45 s; 50°C, 1 min; 72°C, 1 min 30 s], 1 cycle [72C, 7 min]. In
were kept at 10C in the same tanks at least 6 months before their multivarietal musts and wines (commercial and experimental) also
transfer into bottles, which occurred after the end of malolactic fermen- individual PCRs were performed on some of the microsatellites not
tation in the case of red wines. After the wines were bottled, they were amplified in multiplex PCR, using the same program and the following
stored at 4°C until analysis. Conventional chemical analyses (total mix reaction: Biotools buffer &, 2 mM MgCk; 200uM of each dNTP;
acidity, volatile acidity, alcohol content, free and total,S&hd reducing 0.025 ULL of Biotools DNA Polymerase; 2.5L of extracted DNA,

sugars) were carried out in wines according to OIV meth@}. ( and 0.20uM of each primer. The amplification process was checked
Experimental Wines- Microvinification ExperimentA must of Red by running 7uL of each sample in a 2% agarose gel in TAE &t
Globe (16 L, vintage 2001) was divided into 4 containerg @y, B, 200V during 1 h. Bands were detected after staining with ethidium

and B) with identical volumes. Two of them (£and Ay were kept as bromide, and gels were photographed under UV light. The separation
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1 2 3 45 6 78 9 1011 not agree with results obtained in musts by Faria et28), (

: and in fermenting musts by Siret et aR7f, where locus
VVMDS5 amplified efficiently. These differences could be
attributed to two factors: on one hand, the PCR protocols used
are different. The procedure established by Siret e&).\yas
optimized for must samples and differs from that employed in
this work, also applied for leaf samples analyst8)( On the
other hand, there could be varietal factors expressed in musts

S e il R

et 1 L3+ DNA

«— RNA influencing the efficiency of some of the microsatellite markers
in these kind of samples.

Figure 1. Nucleic acids extracted from grape musts. Lanes 1-8, one- Cultivar identification of musts were carried out by comparing
third of the total must extracts; lanes 9-11, standard lambda DNA (lane the results obtained after STMS analysis with those of the
9, 150 ng; lane 10, 100 ng; lane 11, 50 ng). The corresponding samples genotypes collected in a database elaborated by Borrego et al.
are as follows: lanes 1-4, different extracts of Napoleon must; lanes (29), where young leaves were used as source material for DNA
5-8, different extracts of sulfited Napoleon must. A faint DNA band is extraction. As expected, the genotypes obtained from musts did
visible in all lanes (more clearly in lanes 4-8). A lower molecular weight match totally with those obtained from leaves for all the
smear of degraded RNA is present in all must extracts. considered varieties. These results guarantee the botanical origin

of the 16 studied musts, and validate STMS analysis for the
of the amplified fragments was carried out through capillary electro- cultivar identification of musts.
phoresis in an ABI PRISM 310 Genetic Analyzer (PE Applied To assess the effect of sulfur dioxide addition on DNA

Biosystems). Electrophoresed fragments were sized with the GENES- . . L Lo
analysis, as is a common practice in wineries, 80 mg/L of

CAN software, using TAMRA 500 as an internal marker. For each .
cultivar, all loci were analyzed together in the same electrophoresis K25,05 was added to 3 musts from Tempranillo, Garnacha, and

since they had different size ranges and/or were labeled with different Napol€m yarieties. LOCl{S VVS29 was included in this gxperi-
fluorochromes: HEX (VVS2, VVS29, and ZAG79), 6-FAM (VvS5,  ment. Multiplex PCRs with the 8 STMS were performed in both

VVMD5, and ZAG47), and TET (VVMD7 and ZAG62). controls and sulfited musts. No main differences were detected,
neither in quality nor in quantity of the extracted DNAs, and
RESULTS AND DISCUSSION genotypes obtained were exactly equal in all cases, as expected.

Monovarietal Musts. The quantity of extracted DNA, Thus, it may be concluded that $@ddition has no influence

estimated by visual comparison with known quantities of on STMS _analy5|s. o )
standard DNA, was always lower than 150 rigglre 1). In Multivarietal Musts. Nucleic acid extractions were success-
some cases DNA could not be estimated by ethidium bromide fully carried out in all mixtures of Tempranillo and Garnacha
staining because of the low quantity present. In such cases, theNusts, as RNA was always visible in the 0.8% agarose gels.
presence of a low-molecular-weight band or smear, consisting Results obtained after STMS analysis are showiTable 3.
essentially of degraded RNA, was useful to evaluate the The presence of more than one cultivar was revef_jlled in all the
efficiency of the extraction procedure, as a rough direct samples stu_dled, as 2, 3, or_4 alleles were obtained for each
relationship between DNA and RNA band intensities could be locus (that is to say, two different genotypes). These “two
established in these musts. This was the main reason not todenotypes” were identified, at least, at 3 loci in all samples.
perform RNA digestions, like in others protocol&7), after These results conﬂrm thaF it is possible to prove the presence
checking that RNA does not interfere with the PCR reaction. of more than one cultivar in an unknown must through STMS
In this work, seven microsatellites have been analyzed, analysis, as described in the literaturg6)( Nevertheless,
including the six markers selected by European experts of aamplmcatlor_]s were not as easily performed as in mqnovarletal
grapevine characterization and identification project (GENRES- Musts. Multiplex PCR gave successful results only in samples
081 research project, www.genres.de/vitis/vitis.htm). A multi- in which Tempranillo was the major component (T/G 80/20,
plex PCR with the 7 STMS was first carried out. This multiplex T/G 60/40, and T/G 50/50). In these samples, 6 loci were
PCR had been previously developed using leaf DNA. No amplified (VVS2, VVS5, VWMD7, ZAG47, ZAG62, and
differences were found between the multiplex and the corre- ZAG79) by multiplex PCR, obtaining two genotypes for each
sponding simplex PCRs. An example of the results obtained is ONe, except in the case of ZAG47, where the allele from
shown inFigure 2A. This procedure allows genotyping of a Garnachawas only amplified through simplex PERy(re 2B).
given Samp]e in one PCR reaction, with a considerable Saving On the Contrary, in those mixtures in which Garnacha was in a
of DNA (the main limiting factor in this work), time, and money. ~Major proportion (T/G 40/60 and T/G 20/80) multiplex PCR
Table 2shows the results obtained for monovarietal musts. Each Was unsuccessful. In these samples, even with individual PCRs,
one has been genotyped for 5, 6, or 7 loci. Seven musts out ofamplification was obtained for only 3 loci (VVS2, VVS5, and
the total 16 were perfectly characterized by a unique multiplex ZAG62). Microsatellite VVMDS5 did not amplify in any mixture
PCR, but the nine remaining musts needed various PCR Of musts. Considering both Tempranillo and Garnacha mono-
reactions. Generally, loci VVS2, VVS5, ZAG62, and ZAG79 Varietal musts amplified properly, it seems that PCR reaction
were properly amplified in multiplex PCR, whereas for ZAG47 is inhibited by a combination between chemical components
irregular results were obtained. On the contrary, genotyping was Present in the musts.
not possible with VVMD5 in 9 must samples and with VVMD7 To improve these results, the volume of DNA was reduced
in 5 must samples, not even repeating PCR reactions. Thesdn the PCR mix reaction, from 2 &L of DNA extract to 1ul,
two markers give successful results when they are applied toin an attempt to reduce the concentration of possible contami-
the analysis of different vegetative plant tissues, such as leaveqants. After this modification, the quality of results was
(29), but not when analyzing musts of several cultivars; improved, as the allelic peaks obtained were cleaner. Neverthe-
suggesting that these microsatellites could not be suitableless, those microsatellites not amplified previously, were not
markers for DNA analysis in musts. However, this idea does amplified. In addition, a DNA purification step was included
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Figure 2. (A) Electropherogram profile provided by GENESCAN software for a must of the cultivar Tempranillo after STMS analysis. Peaks (alleles)
corresponding to eight loci can be seen: VVS5, ZAG47, and VVMDS5 (first window); ZAG62 and VVMD?7 (second window); VVS2, VVS29, and ZAG79
(third window). (B) Electropherogram profile provided by GENESCAN software for a mixture of musts of Tempranillo and Garnacha (80/20). T, alleles
from Tempranillo; G, alleles from Garnacha. VVMD5 did not amplify. All the alleles of the remaining six microsatellites were detected for both cultivars
in a unique multiplex PCR reaction, except in the case of ZAG47, where the allele of Garnacha was not amplified (upper window). This locus was only
amplified in a simplex PCR reaction (lower window).
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Table 2. Genotypes Obtained from Musts after STMS Analysis, Expressed as the Size of the Alleles in Base Pairs

microsatellite

cultivar VVS2 VVS5 VVMD5 VVMD7 ZAG4T7 ZAG62 ZAGT9 total
Airén 140:142 149:149 223:231 241:251 157:171 187:199 245:257 7
Albillo 132:154 83:92 ND? 237:251 159:171 185:199 249:255 6
Chardonnay 134:140 149:149 231:235 237:241 157:165 187:195 241:243 7
Garnacha 134:142 83:116 ND 237:241 171:171 187:187 255:255 6
Macabeo 130:142 104:149 ND 237:237 165:171 187:187 241:255 6
Malvar 140:142 104:149 233:237 237:241 155:171 185:187 249:255 7
Moscatel 130:148 83:106 ND 231:247 155:171 185:195 249:253 6
Napoleon 130:132 92:116 231:235 247:249 159:171 187:203 245:255 7
Parellada 130:140 106:149 ND ND 155:157 183:203 245:245 5
Pedro X. 130:142 116:149 225:231 241:247 155:157 183:203 245:245 7
Red Globe 134:150 83:116 ND ND 159:159 185:187 245:257 5
Riesling 142:150 83:98 ND ND 159:167 193:203 241:243 5
Sauvignon B. 132:150 83:98 225:231 237:255 153:167 187:193 243:245 7
Tempranillo 140:142 90:92 233:233 237:251 159:159 195:199 245:249 7
Torrontés 140:142 98:148 ND ND 161:171 185:187 249:255 5
Ugni Blanc 130:140 116:149 ND ND 155:159 193:199 243:249 5

aND, nondetected.

Table 3. Alleles (Expressed in Base Pairs) Obtained from Multivarietal Musts (T, Tempranillo; G, Garnacha, v/v) after STMS Analysis

microsatellite

mixture WS2 VS5 VVMD5 VVMD7 ZAGAT ZAG62 ZAGT9
T/G 100/0 140:142 90:92 233:233 237:251 159:159 195:199 245:249
T/G 80/20 134:140:142 83:90:92:116 ND?2 237:241:251 159:171 187:195:199 245:249:255
TIG 60/40 134:140:142 83:90:92:116 ND 237:241:251 159:171 187:195:199 245:249:255
TIG 50/50 134:140:142 83:90:92:116 ND 237:241:251 159:171 187:195:199 245:249:255
TIG 40/60 134:140:142 83:90:92:116 ND ND ND 187:195:199 ND
T/G 20/80 134:140:142 83:90:92:116 ND ND ND 187:195:199 ND
T/G 0/100 134:142 83:116 ND 237:241 171:171 187:187 255:255

aND, nondetected.

Table 4. Results of Conventional Analysis Carried out in Commercial and Experimental Wines

commercial wines experimental wines
Malvar Viura Cabernet S. Garnacha Tempranillo container B1 container B2
alcohol content (%) 14.0 145 13.9 14.6 13.3 10.4 10.5
ph 3.6 3.1 3.4 3.7 4.0 3.4 3.2
total acidity (g tartaric acid/L) 4.0 49 6.3 43 4.6 55 4.9
volatile acidity (g acetic acid/L) 0.2 0.48 0.7 0.9 1.0 0.8 0.7
reducing sugars (g/L) 16 43 1.9 21 2.3 2.7 24
total SO, 84.6 148.1 57.3 37.4 54.8 44.8 39.8

in the procedure, after standard extraction, using the DNeasyprocedures. Despite this, the extractions were used in PCRs,
Plant Mini Kit, but no improvements were achieved. Faria et because PCR is much more sensitive than ethidium bromide
al. (26) successfully identified individual varieties in multiva-  staining and UV-visualization, but GENESCAN analyses
rietal musts from Portuguese grape cultivars with microsatellites corroborated the absence of microsatellite amplification in all
VVS2, VVMD5, VVMD6, and VVMDY7. In contrast, in our samples using multiplex PCR. For this reason some of the
case, amplifications of locus VVMD5 did not occur in any must extractions were further purified using the DNeasy Plant Mini
combination, and amplifications of locus VVMD?7 did not occur  kit, and simplex PCRs of VVS2 were carried out, but the results
when Garnacha was present in a major proportion. Methods ofwere identical: absence of amplification. To corroborate that
DNA extraction and analysis were similar in both works. this result was due to the absence of DNA and not to the
Therefore, as discussed above, these differences could begresence of contaminants, the simplex PCRs were repeated after
attributed to varietal factors influencing the efficiency of some adding a foreign DNA of the variety Ondarrabi zuri to the
of the microsatellite markers. reaction mixes in five wine extracts. In the five samples
Commercial Wines. Results of conventional analyses per- Ondarrabi zuri alleles were amplified properly (loci VVS2 and
formed in the five wines studied were consistent with com- ZAG62), which demonstrate the absence of DNA in those
mercial rangesTable 4). Different kinds of sample concen- extracts. This result and the absence of nucleic acids visible
tration were performed before DNA extraction (as described in bands in the agarose gels indicate clearly that there is no DNA
Material and Methods), because DNA could be degraded or in in any of the commercial wine extracts. Siret et al)(proposed
a very low concentration after fermentation and the winemaking that additional steps of DNA concentration could be necessary
process 27). All procedures carried out gave similar results. to improve STMS analyses in wines. Results obtained here
Nucleic acids were not visible in agarose gels from either the suggest that concentration techniques employed in this work
solid or the liquid phases of wines, even after the concentration may not be adequate, probably because they are not selective,
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Day 14 Day 15 Day 16 Day 17 Day 18 Day 19
AiA> BiB2 Ai1A2 BiB2 A1A2 BiB2A1A2 BiB2Ai1A> BiB2 Ai1As BiB:DiDoa b ¢

Figure 3. Nucleic acids extracted from both control musts (A; and A;) and fermented musts (B; and B,) from day 14 to day 19 of the microvinification
experiment. D; and D, samples correspond to extracts of the sediments obtained after decanting containers B; and By, respectively. Lanes a, b and ¢
correspond to 200 ng, 100 ng, and 50 ng of the standard lambda DNA, respectively. The picture was taken in exposing conditions that allowed notice
of the disappearance of RNA in fermented musts. DNA bands are not visible here because of their much lower intensity, although they were present in
some lanes.
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Figure 4. Electropherogram profile provided by GENESCAN software for fermented musts (container B;) from day 13 (A) and day 16 (B) of the
microvinification experiment. Peaks (alleles) corresponding to five microsatellite loci, amplified through simplex PCR, are indicated by arrows.

and other major components of wines, such as polyphenols andas well as from grapes, while the PCR is specific for grape DNA.
polysaccharides, are also concentrated, and act as inhibitors of-or these reasons, five microsatellites were analyzed in all
PCR reaction30, 31). The above-mentioned “varietal factor” samples from days 1, 4, 7, 10, 13, 16, 19, and 22 by individual
may also have influence in the results obtained, although 5PCR: VVS2, VVS5, ZAG47, ZAG62, and ZAG79. VVMD5
different varieties have been used. Nevertheless, the mostand VVMD7 gave irregular results in musts and were discarded
plausible explanation is simply that there is no DNA present in for these analyses. After PCR, genotypes were correctly
the elaborated wines. Positive results obtained with musts, priorestablished in all analyzed samples of control musts, until the
to negative results obtained with wines, suggests that DNA is end of the experiment. Only ZAG79 failed to amplify in several
degraded or lost at some intermediate point during winemaking. samples. For samples corresponding to fermenting musts,
A microvinification experiment was proposed to confirm this amplifications were successful only until day 13, 7 days after

hypothesis. the end of alcoholic fermentatiorrigure 4A). From day 16,
Microvinification Experiment. Experimental Wines. Con- no more clear amplifications of the 5 microsatellites analyzed
ventional analyses in the experimental wines gave normal values were obtained. These results are consistent with those mentioned

consistent with commercial rangeEaple 4). above for DNA extraction. After day 16, microsatellites VVS5

DNA extractions were performed all days of the experiment and ZAGA47 did not amplify, and VVS2, ZAG62, and ZAG79
in the four containersRigure 3). As expected, nucleic acids Markers showed various peaks of similar molecular size, making
were correctly extracted along the 22-day period in both control it difficult to identify the true alleles and preventing genotyping
musts (containers Aand A). A faint high-molecular-weight ~ (Figure 4B).
DNA band was generally observed joined to a much more To evaluate the relationship between the nucleic acids
intense low-molecular-weight smear of degraded RNA. In the disappearance and the winemaking steps that follow fermenta-
musts submitted to fermentation (containefsaBd B) nucleic tion, DNA extraction was performed in sediments resulting from
acids were also extracted during the complete fermentation decanting of containers;fnd B (Figure 3, lanes Q and D).
process (days 1 to 6) and after, until the decanting day (day Agarose gels revealed the presence of nucleic acids (and
15). However, after day 18, nucleic acids became undetectablesupposed DNA) in these samples. This suggests that the
in agarose gels. It should be noted that, especially in this sediments, basically composed of traces of cellular tissues of
experiment, PCR amplifications are more significant than DNA grapes, seeds, skins, etc., are also the principal source of DNA
visualization after ethidium bromide staining, for two reasons: in a fermented must. Then, the decanting process removes the
first, PCR is much more sensitive than DNA visualization, and main, if not the unique, source of DNA, preventing the use of
amplification can be achieved from samples showing no DNA DNA analysis for wine authentication in commercial wines.
in the agarose gel; second, during the fermentation process, the In this work, STMS analysis is revealed as a useful tool for
nucleic acids extracted and visualized could come from yeaststhe cultivar identification of both monovarietal and multivarietal
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musts. DNA analysis is also possible in wines in the very few
days after the end of fermentation. Several steps follow the
fermentation process to obtain a final, commercial wine:
decanting, clarification, and filtration. During these steps,

particles in suspension are removed, eliminating the main source

of DNA present. This fact and the DNA degradation that occurs

during winemaking process since the berries are crushed, prevent

the use of STMS analysis for wine authentication in the tested
conditions.

ACKNOWLEDGMENT

We thank M. Cabellos for providing some must samples and
Dr. F. Cabello for critical reading of the paper.

LITERATURE CITED

(1) GonZdez-Lara, R.; Correa, I.; Polo, M. C.; MamtAlvarez, P.

J.; Ramos, M. Classification of variety musts by statistical

analysis of their electrophoretic protein patteFnod Chem.

1989 34, 103-110.

Pueyo, E.; Dizy, M.; Polo, M. C. Varietal differentiation of musts

and wines by means of protein fractigkm. J. Enol. Vitic1993

44, 255-260.

Moreno-Arribas, M. V.; Cabello, F.; Polo, M. C.; Maraz

Alvéarez, P. J.; Pueyo, E. Assesment of the native electrophoretic

analysis of total grape must proteins for the characterization of

Vitis vinifera L. Cultivars.J. Agric. Food Cheml999 47, 114—

120.

Revilla, E.; Gar@-Beneytez, E.; Cabello, F.; MartOrtega, G.;

Ryan, J. M. Value of high-performance liquid chromatographic

analysis of anthocyanins in the differentiation of red grape

cultivars and red wines made from thelnChromatogr. 2001,

915 53-60.

Martin-Alvarez, P. J.; Polo, M. C.; Herraiz, M.; Ceres, M.;

GonZdez-Raurich, M.; Herra, T.; Reglero, G.; Cabezudo, M.

D.; Sanz, J. Application of chemometrics to the characterization

of Spanish wines. Ifrlavor Science and Technologylartens,

M.; Dalen, G. A.; Russwurn, H.; Jr., Eds.: Elservier Science

Publishers: Amsterdam, The Netherlands, 1987; pp48®.

Vasconcellos, A. M. P.; Chaves das Neves, H. J. Characterization

of elementary wines oiVitis vinifera varieties by pattern

recognition of three amino acids profilek.Agric. Food Chem.

1989 37, 931-937.

Horn, P.; Schaaf, P.; Holbach, B.;"l2h S.; Eschnauer, H.

87SrfSr from rock and soil into vine and win&. Lebensm.-

Unters. Forsch1993 196, 407—409.

(8) Day, M. P.; Zhang, B. L.; Martin, G. J. The use of trace-element
data to complement stable-isotope methods in the characterization
of grape mustsAm. J. Enol. Vitic.1994 45, 79—85.

(9) Di Stefano, R. Parametri chimici ed aromatici di alcune uve di
nuova introduzione nell’ambiente meridionakiz. Vit. Enol.
1986 39, 412-418.

(10) Rapp, A. Wine aroma substances from gas chromatography
analysis. InModern Methods of Plant Analysi&inskens, H.

F., Jackson, J., Eds.; Springer-Verlag: Berlin, Germany, 1988;
Vol. 6, pp 29-66.

(11) Mufpz-Organero, G.; Ortiz, J. M. Aroma compounds in grapes
from cultivars grown in the Comunidad de Madrid (SpaRi.
Vitic. Enol. 1997, 3, 55—64.

(12) This, P.; Cuisset, C.; Boursiquot, J. M. Development of stable
RAPD markers for the identification of grapevine rootstocks and
the analysis of genetic relationshipsm. J. Enol. Vitic.1997,

48, 492-501.

@

@)

(4)

©)

6

~

@)

Garcia-Beneytez et al.

species. InActa Horticulturae Dorg, C., Dosba, F., Baril, C.,
Eds.; ISHS: Leiden, The Netherlands, 2001; pp-79.

(15) Thomas, M. R.; Scott, N. S. Microsatellite repeats in grapevine
reveal DNA polymorphisms when analysed as sequence-tagged
sites (STSs)Theor. Appl. Genetl993 86, 985-990.

(16) Bowers, J. E.; Dangl, G. S.; Vignani, R.; Meredith, C. P. Isolation
and characterization of new polymorphic simple sequence repeat
loci in grape Vitis vinifera L.). Genomel996 39, 628—-633.

(17) Sefc, K. M.; Regner, F.; Turetschek, E.;"&4 J.; Steinkellner,

H. Identification of microsatellite sequences\iitis riparia and
their applicability for genotyping of differenVitis species.
Genomel999 42, 367-373.

(18) Sensi, E.; Vignani, R.; Rohde, W.; Biricolti, S. Characterization
of genetic biodiversity withVitis vinifera L. Sangiovese and
Colorino genotypes by AFLP and ISTR DNA marker technology.
Vitis 1996 35, 183-188.

(19) Cervera, M. T.; Cabezas, J. A.; Sancha, J. C.; Martinez de Toda,
F.; Martinez Zapater, J. M. Application of AFLPs to the
characterization of grapevinétis vinifera L. genetic resources.

A case study with accessions from Rioja (Spairf)eor. Appl.
Genet.1998 97, 51-59.

(20) Cervera, M. T.; Rodriguez, I.; Cabezas, J. A.; Chavez, J,;
Martinez-Zapater, J. M.; Cabello, F. Morphological and molec-
ular characterization of grapevine accessions known as Albillo.
Am. J. Enol. Vitic2001 52, 127-135.

(21) Lodhi, M. A.; Ye, G. N.; Weeden, N. F.; Reisch, B. I. A simple
and efficient method for DNA extraction from grapevine cultivars
and Vitis speciesPlant Mol. Biol. Rep.1994 12, 6—13.

(22) Steenkamp, J.; Wiid, I.; Lourens, A.; Van Helden, P. Improved
method for DNA extraction fronVitis vinifera. Am. J. Enol.
Vitic. 1994 45, 102-106.

(23) Harding, K.; Roubelakis-Angelakis, K. A. The isolation and

purification of DNA from Vitis vinifera L. plants and in vitro

cultures.Vitis 1994 33, 247—248.

Lin, J.-J3.; Kuo, J.; Ma, J.; Saunders: J. A,; Beard, H. S,;

MacDonald, M. H.; Kenworthy, W.; Ude, G. N.; Matthews, B.

F. Identification of molecular markers in soybean comparing

RFLP, RAPD and AFLP DNA mapping techniquédant Mol.

Biol. Rep.1996 14, 156-169.

Sefc, K. M.; Guggenberger, S.; Regner, F.; Lexer, C.; Glossl,

J.; Steinkellner, H. Genetic analysis of grape berries and raisins

using microsatellite marker¥/itis 1998 37, 123-125.

Faria, M. A.; Magalhaes, R.; Ferreira, M. A.; Meredith, C. P.;

Ferreira Monteiro, F. Vitis vinifera must varietal authentication

using microsatellite DNA analysis (SSR).Agric. Food Chem.

2000 48, 1096-1100.

Siret, R.; Boursiquot, J. M.; Merle, M. H.; Cabanis, J. C.; This,

P. Toward the authentication of varietal wines by the analysis

of grape Vitis vinifera L.) residual DNA in must and wine using

microsatellite markersl. Agric. Food Chem200Q 48, 5035-

5040.

Recueil des fithodes internationales d’analyse des vins et des

motts. OIV, Paris, France; 1990.

Borrego, J.; Rodguez, I.; Andfs, M. T.; Martn, J.; Chavez,

J.; Cabello, F.; Ib@ez, J. Characterisation of the most important

Spanish grape varieties through isozyme and microsatellite

analysis. InActa Horticulturae Dorg, C., Dosba, F., Baril, C.,

Eds.; ISHS: Leiden, The Netherlands, 2001; pp-3315.

Couch, J. A,; Fritz, P. J. Isolation of DNA from plants high in

polyphenolicsPlant. Mol. Biol. Rep199Q 8, 8—12.

Fang, G.; Hammar, S.; Rebecca, R. A quick and inexpensive

method for removing polysaccharides from plant genomic DNA.

Biotechniquedl992 13, 52—56.

(24)

(25)

(26)

27)

(28)

(29)

(30)

(CHY)

(13) Siles, B. A.; O'Neil, K. A.; Fox, M. A.; Anderson, D. E.; Kuntz,
A. F.; Ranganath, S. C.; Morris, A. C. Genetic fingerprinting of
grape plantVitis vinifera) using random amplified polymorphic
DNA (RAPD) analysis and dynamic size-sieving capillary
electrophoresis]. Agric. Food Chem200Q 48, 5903-5912.

(14) Ibdiez, J. Mathematical analysis of RAPD data to establish
reliability of varietal assignment in vegetatively propagated

Received for review February 14, 2002. Revised manuscript received
June 24, 2002. Accepted June 24, 2002. This work has been carried
out with financial support from MCYT-INIA (project VIN 00-036-C6)

and from MAPA-INIA (project RF 99-009)

JF0202077



