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Malolactic fermentation (MLF) is a biochemical transformation conducted by lactic acid bacteria (LAB) that occurs in wine at
the end of alcoholic fermentation. Oenococcus oeni is the main species responsible for MLF in most wines. As in other fermented
foods, where bacteriophages represent a potential risk for the fermentative process, O. oeni bacteriophages have been reported
to be a possible cause of unsuccessful MLF in wine. Thus, preparation of commercial starters that take into account the different
sensitivities of O. oeni strains to different phages would be advisable. However, currently, no methods have been described to
identify phages infecting O. oeni. In this study, two factors are addressed: detection and typing of bacteriophages. First, a simple
PCR method was devised targeting a conserved region of the endolysin (lys) gene to detect temperate O. oeni bacteriophages. For
this purpose, 37 O. oeni strains isolated from Italian wines during different phases of the vinification process were analyzed by
PCR for the presence of the lys gene, and 25 strains gave a band of the expected size (1,160 bp). This is the first method to be de-
veloped that allows identification of lysogenic O. oeni strains without the need for time-consuming phage bacterial-lysis induc-
tion methods. Moreover, a phylogenetic analysis was conducted to type bacteriophages. After the treatment of bacteria with UV
light, lysis was obtained for 15 strains, and the 15 phage DNAs isolated were subjected to two randomly amplified polymorphic
DNA (RAPD)-PCRs. By combining the RAPD profiles and lys sequences, 12 different O. oeni phages were clearly distinguished.

Malolactic fermentation (MLF) is a secondary fermentation
that occurs in wine after the alcoholic fermentation. This

fermentation can take place spontaneously through the action of
the population of lactic acid bacteria (LAB) present in the wine or
by the use of commercial starters, mainly belonging to the species
Oenococcus oeni, the principal LAB species responsible for MLF in
wine (1, 2).

As in other fermented foods, like dairy products, in which bac-
teriophages represent a potential risk for the fermentative process
(3, 4), bacteriophages have also been reported to be a possible
cause of unsuccessful MLF in wine (5, 6). Therefore, preparation
of commercial starters that take into account the different sensi-
tivities of O. oeni strains to different phages has been proposed (5,
7). However, under laboratory conditions, O. oeni has a very low
growth rate, and its poorly visible colonies are hardly produced in
agar medium, hampering the accurate detection of O. oeni phages,
which has contributed to the low number of studies conducted
until now on this topic. For instance, while PCR-based approaches
to detect bacteriophages have been used in bacteria of the genera
Lactobacillus and Lactococcus present in dairy products (8–11),
such methods have never been applied to detect phages infecting
O. oeni. In the present study, a new PCR method for the detection
of bacteriophages of O. oeni without the need for a sensitive indi-
cator strain and for a growth step on solid medium to confirm the
presence of prophages was developed.

Until now, typing of O. oeni bacteriophages has been con-
ducted by morphological characterization, structural-protein
composition, host range analysis, and/or restriction enzyme anal-
ysis (5, 12–15). The last approach (15) was the first DNA-based
technique that allowed the grouping of different O. oeni phage
types.

Bacteriophages of O. oeni present in wines were first observed
by Sozzi et al. (12) by electron microscopy (EM) and were subse-
quently described as being different in size (5). Later, EM analyses
of four O. oeni phages showed that they were very similar, exhib-
iting a Bradley type B morphology, with the presence of a head, a
tail, and a base plate (13). Similar results were reported after EM
analysis of 10 phages isolated from wines (14), which also showed
similar morphology with slight differences in the head size, tail
length, and presence of a base plate. These phages were divided
into four groups based on structural-protein composition, host
range, and restriction enzyme analysis. Likewise, comparable
morphologies and structural protein profiles have also been re-
ported in 17 O. oeni mitomycin C (mit C)-induced phages from
different O. oeni strains, which were further divided into six
groups based on their enzymatic restriction patterns (15).

Endolysins, also termed lysins, are enzymes encoded by most
double-stranded DNA phage genomes that lyse bacterial cell walls
and cause host death (16, 17). Detection of the lys gene has re-
cently been used to evaluate phages infecting Lactobacillus helve-
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ticus (11). However, unlike some other LAB bacteriophages, a
complete O. oeni phage sequence is not yet available. Only partial
sequences of four different temperate phages containing attP (a
phage attachment site) have been reported, and for only one of
them, termed fOg44, does the available sequence cover almost
50% of the whole genome (18).

In the present report, the presence of temperate bacteriophages
in 37 O. oeni strains isolated from wines was tested with a newly
developed PCR assay based on the amplification of the endolysin
(lys) gene in the bacterial genome and subsequent randomly am-
plified polymorphic DNA (RAPD) analysis. A total of 15 O. oeni
phages, which were classified into 12 different groups, are de-
scribed for the first time.

MATERIALS AND METHODS
Bacterial-strain isolation and DNA extraction. A total of 37 O. oeni
strains (Table 1) were isolated from wines from wineries around the
southeast Piedmont (Italy). Wines were sampled during and at the end of

MLF. One milliliter of each wine was serially diluted in sterile physiolog-
ical water (0.9% NaCl) and plated on MRS agar medium (VWR, Milan,
Italy) containing 0.1 mg/ml cycloheximide (Sigma) for yeast growth in-
hibition. The plates were incubated at 30°C for 10 days, and then colonies
were randomly picked, inoculated in MRS broth, and incubated again at
30°C. DNA was extracted from 2 ml of bacterial culture in exponential
phase (19).

Bacterial-species characterization and strain typing. Identification
at the species level was conducted using a species-specific PCR for O. oeni
targeting the mle gene (20). The species was also confirmed by sequenc-
ing the 16S rRNA gene using the universal primers 68f-1387r (21). The
sequences obtained were compared to the O. oeni sequences available in
the GenBank database.

Strain typing was done by multiplex RAPD-PCR analysis as described
previously (22) using 0.5 �M primer Coc and 0.25 �M primer On2,
respectively. The amplicons were resolved by electrophoresis in 1.2% aga-
rose gels, and the images were acquired with Quantity One 4.1 software
(Bio-Rad, Milan, Italy).

Similarities between sequences were calculated using the Dice coeffi-
cient, and grouping was performed by cluster analysis (unweighted pair
group mean average [UPGMA]), using Bionumerics software (Applied
Maths, Belgium).

Detection of lysogenic O. oeni bacteriophages by amplification of
the endolysin (lys) gene. Primers were designed after comparison of the
few available lys sequences of O. oeni bacteriophages (fOg44, GenBank
accession number gi�57281901; fOgPSU1, GenBank accession number
gi�50057020; 10 MC, GenBank accession number gi�4105634; and fOg30,
GenBank accession number gi�51035320). The primer set Lys20_fw (5=-
ATCTCGGCTTTATCGGCTTT-3=) and Lys1143_rv (5=-TACGGATCC
GGAAACCTTTA-3=), amplifying a fragment of 1,160 bp, was designed
with the use of Primer3 software (http://frodo.wi.mit.edu/).

PCRs were performed in 25 �l containing 0.13 �l of Perfect Taq DNA
Polymerase (5 Prime; Eppendorf, Milan, Italy), 2.5 �l of 10� Taq buffer,
0.5 �l of 10 mM deoxynucleoside triphosphates (dNTPs), 1 �l of 15 �M
MgCl2, 0.5 �l (each) of 10 �M primer, and 1 �l of template. Amplifica-
tions were performed as follows: 95°C for 3 min and 35 cycles of 95°C for
45 s, 62°C for 45 s, and 72°C for 1 min, followed by a 72°C cycle for 10 min.
PCR fragments were visualized in a standard 1% agarose gel stained with
ethidium bromide and visualized under UV light.

Sequencing and phage lys gene sequence comparison. PCR products
were purified with a PCR Extract Mini Kit (5 Prime) and sequenced (BMR
Genomics, University of Padova, Padua, Italy). Sequence analysis and
comparisons were performed using the BLAST program available from
the National Center for Biotechnology Information (NCBI). Multialign-
ment and phylogenetic trees were generated by Bionumerics software us-
ing the Dice correlation coefficient and the UPGMA algorithm.

Prophage induction with UV light. The transition from lysogeny to
lytic development was induced by UV light as described previously (23)
with some modifications. Briefly, O. oeni strains stored at �80°C were
inoculated in MRS medium with 20% tomato juice added (MRSTJ) and
incubated at 25°C. Once exponential growth (optical density at 600 nm
[OD600], 0.1 to 0.3; measured using a DU730 spectrophotometer [Beck-
man Coulter, Brea, CA]) was reached, 5 ml of bacterial culture was trans-
ferred to sterile tubes and centrifuged at 6,000 � g for 10 min at room
temperature. The cell pellets were resuspended in 5 ml of sterile 0.1 M
MgSO4 and irradiated with a Sankyo Denki (Japan) G30T8 germicidal
lamp for 25 s at 52-cm distance. Then, the cell suspension was transferred
to a new sterile tube containing 5 ml of double-strength MRSTJ medium
and incubated at 25°C in the dark. Bacterial growth was monitored every
4 h for 24 to 32 h or until there was a marked decrease in the absorbance
reading between irradiated and nonirradiated cells.

Prophage induction with mitomycin C. An aqueous stock solution of
500 �g/ml of mit C was prepared and sterilized through a 0.22-�m cellu-
lose acetate membrane (VWR International, Milan, Italy). Sterile aqueous

TABLE 1 O. oeni strains and their identified prophages analyzed in this
study

O. oeni strain Wine sourcea Wineryb Prophage

OE1 Grignolino (after AF) 1 fOE1
OE2 Grignolino (after AF) 1 fOE2
OE3 Grignolino (after AF) 1 fOE3
OE4 Grignolino (after MLF) 1 fOE4c

OE6 Arneis (during MLF) 2
OE7 Arneis (during MLF) 2
OE9 Arneis (during MLF) 2 fOE9c

OE10 Arneis (during MLF) 2
OE11 Arneis (during MLF) 2 fOE11c

OE12 Arneis (during MLF) 2
OE13 Arneis (during MLF) 2
OE14 Arneis (during MLF) 2
OE15 Arneis (during MLF) 2
OE16 Arneis (during MLF) 2
OE17 Arneis (during MLF) 2 fOE17
OE18 Arneis 2
OE19 Arneis 2
OE20 Chardonnay 2 fOE20
OE21 Chardonnay 2 fOE21
OE22 Barbera (after MLF) 3 fOE22
OE23 Barbera (during MLF) 4 fOE23c

OE24 Nebbiolo (during MLF) 4 fOE24c

OE25 Nebbiolo (after ALF) 4 fOE25
OE26 Nebbiolo (during MLF) 4 fOE26
OE28 Nebbiolo (after ALF) 2
OE29 Nebbiolo (after MLF) 2 fOE29
OE30 Nebbiolo (after ALF) 2 fOE30c

OE31 Nebbiolo (after MLF) 2 fOE31
OE32 Nebbiolo (during MLF) 5 fOE32c

OE33 Nebbiolo (during MLF) 5 fOE33
OE34 Nebbiolo (during MLF) 5 fOE34
OE35 Nebbiolo (during MLF) 5 fOE35
OE36 Dolcetto 6 fOE36c

OE37 Chardonnay 7 fOE37
OE38 Chardonnay 7 fOE38c

OE39 Barbera (during MLF) 3
OE40 Chardonnay (during MLF) 2 fOE40c

a AF, alcoholic fermentation.
b The wineries of origin are all situated in different localities in the southeastern
Piedmont (Italy).
c Prophage did not respond to UV treatment.
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stock and working (1:50) mit C solutions were preserved at 4°C in the
dark.

Bacterial strains were grown in MRSTJ medium, pH 4.5 (7), with and
without the addition of 1 �g/ml of mit C, and the optical density was
measured at 600 nm. Cultures were incubated at 25°C in the dark. The
absorbance was read every 2 h for up to 6 h and then after 24 h. In
lysogenic strains, there was a marked decrease in the absorbance reading
between the control and the culture treated with mit C. The bacterial
cultures were centrifuged at 3,000 � g for 12 min at 4°C to remove the
bacteria and cell fragments from the medium, and the supernatant con-
taining phages was filter sterilized as described above and stored at 4°C.

Total counts of phages by epifluorescence microscopy. The phage
count was determined using epifluorescence as described previously (24).
Slides were examined under a Leica microscope (DM2500; Leica Micro-
systems Srl., Milan, Italy) with filter H3 for SYBR green I (excitation
wavelength, 420 to 490 nm). Leica application suite software ver. 2.5.0 was
used for image analysis and phage counting.

Bacteriophage typing by RAPD-PCR. The O. oeni strains that were
positive in the PCR assays were grown in MRS broth and treated with UV
light to induce the prophages, as described above. The culture was then
centrifuged for 10 min at 4°C at 6,000 � g, and the supernatants were
filtered (0.2 �m) to eliminate bacterial cells. Two milliliters of these fil-
tered lysates was treated with DNase (Omega Biotech, VWR, Milan, Italy)
and RNase (5 Prime; Eppendorf, Milan, Italy) at 1-�g/ml final concentra-
tion to remove any trace of bacterial nucleic acids. Phages were recovered
by adding 1 M NaCl and 10% polyethylene glycol (PEG) 6000 and incu-
bating overnight on ice. After centrifugation at 13,000 � g for 1 h at 4°C,
the phages were resuspended in 40 �l SM buffer (100 mM NaCl, 8 mM
MgSO4, 50 mM Tris-HCl, pH 7.5).

Total DNA from phage lysates was obtained by standard procedures
(25). Bacteriophage DNA was used as a template for two RAPD-PCRs
according to the method of Giraffa and Neviani (26) with primer M13
(27) alone and then in combination with primer Lys 20_fw, which was
specifically designed based on the available lys gene sequences. PCR pro-
files were visualized in 1.2% agarose gels stained with ethidium bromide.
The reproducibility of the PCR fingerprinting was assessed by running the
same DNA three times. The RAPD fingerprints obtained were analyzed
with Bionumerics software. A similarity matrix was calculated on the basis
of the Pearson correlation coefficient, and the corresponding dendrogram
was generated with the UPGMA clustering algorithm.

Nucleotide sequence accession numbers. The 25 sequences obtained
were deposited in GenBank under accession numbers KC292225 to
KC292249.

RESULTS
PCR screening and phage characterization by lys prophage se-
quences. A simple PCR method to detect temperate O. oeni bac-
teriophages was devised by targeting a conserved region of the lys
gene after sequence alignment of the only four available O. oeni
bacteriophage partial sequences. Analysis of 37 O. oeni bacterial
strains for the presence of the lys sequence showed that 25 gave a
band of the expected size, 1,160 bp (Table 2 and Fig. 1). BLAST
analysis of the 25 sequences obtained confirmed that they corre-
sponded to lys sequences of O. oeni bacteriophages. Recently, mul-
tiple distinct bacteriophage sequences were detected in the se-
quenced genome of O. oeni strains, including lys gene sequences of
remnant phages in O. oeni, AWRI202, AWRI318, AWRI418,
AWRIB422, AWRIB548, AWRIB568, and AWRI576 (28). Phylo-
genetic analysis of the lys sequences amplified here and those of O.
oeni bacteriophages and the remnant phages available in GenBank
showed that the sequences detected in the present report grouped
into seven clusters (Fig. 2). Clusters 3 (14 sequences) and 4 (1
sequence) have 94.5% similarity to the bacteriophages 10 MC and
AWRI422. Cluster 5 (4 sequences) has 98.8% similarity to bacte-

TABLE 2 Presence of the lys gene in O. oeni strains and induction of
phages using different detection methods

O. oeni strain Prophage
UV
inductiona

Mit C
inductiona PCRa lys geneb

OE1 fOE1 � � � KC292244
OE2 fOE2 � � � KC292239
OE3 fOE3 � � � KC292245
OE4 fOE4 � � � KC292234
OE6 � � �
OE7 � � �
OE9 fOE9 � � � KC292249
OE10 � � �
OE11 fOE11 � � � KC292237
OE12 � � �
OE13 � � �
OE14 � � �
OE15 � � �
OE16 � � �
OE17 fOE17 � � � KC292240
OE18 � � �
OE19 � � �
OE20 fOE20 � � � KC292229
OE21 fOE21 � � � KC292230
OE22 fOE22 � � � KC292225
OE23 fOE23 � � � KC292228
OE24 fOE24 � � � KC292242
OE25 fOE25 � � � KC292226
OE26 fOE26 � � � KC292235
OE28 � � �
OE29 fOE29 � � � KC292246
OE30 fOE30 � � � KC292243
OE31 fOE31 � � � KC292241
OE32 fOE32 � � � KC292247
OE33 fOE33 � � � KC292231
OE34 fOE34 � � � KC292232
OE35 fOE35 � � � KC292233
OE36 fOE36 � � � KC292238
OE37 fOE37 � � � KC292236
OE38 fOE38 � � � KC292227
OE39 � � �
OE40 fOE40 � � � KC292248

Total no. positive 15 8 25
a �, present; �, absent.
b GenBank accession numbers.

FIG 1 Agarose gel electrophoresis of a PCR-amplified fragment of the lys gene
in O. oeni. M, marker (100-bp DNA ladder H3 RTU; Genedirex). The arrow
marks 1,000-bp size.
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riophage fOg30 and 96.4% similarity with AWRI576. Lower sim-
ilarities to previously reported sequences were recorded for clus-
ters 1 (2 sequences) and 2 (1 sequence), which were 89.4% similar
to bacteriophages fOg44 and fOgPSU1, and cluster 6 (1 sequence),
which was 91% similar to bacteriophages fOg30, 10 MC,
AWRI422, and AWRI576. Finally, cluster 7 (2 sequences) showed
98.3% similarity to AWRI318. The lys sequences of AWRI202,
AWRI418, AWRI 548, and AWRI568 (28) form a completely sep-
arate branch.

Phage induction by UV and mitomycin C treatment. Thirty-
seven O. oeni strains were tested for phage induction by using UV
or mitomycin C (Table 2). Treatment with mitomycin C induced

a lytic cycle in 8 strains, while UV light treatment resulted in 15
positive strains. Thus, among the 25 lysogenic strains detected by
PCR, 10 contained prophages that cannot be induced into the lytic
cycle under the conditions applied. Neither UV nor mitomycin C
lytic induction was observed in any of the bacteria in which the lys
gene was not amplified, confirming the accurate specificity of the
PCR method.

RAPD characterization. Phages were induced by UV light and
purified as described in Materials and Methods. At the end of the
treatment with UV, the phage count was estimated by epifluores-
cence at 1010 phage/ml, 1 log unit higher than that reported to be
needed for optimal reproducibility (29). The 15 phage DNAs were
subjected to two RAPD-PCRs, one using only the random primer
M13 and, to increase the sensitivity of the profiles (22), a second
one with primers M13 and Lys20_fw. A dendrogram created by
combining the two RAPD-PCR data sets and the partial lys se-
quences (Fig. 3) showed a more complex phage-typing profile that
allowed us to clearly discriminate 12 of the 15 phages tested. Major
similarities (98.6%) were found between phages fOE1, fOE2, and
fOE3, which branched close to fOE29, to which they showed
95.7% similarity. A more detailed comparison of their lys se-
quences allowed even better discrimination between them (Fig.
4), so that fOE29 differs from fOE1, fOE2, and fOE3, all of which
have identical sequences in the region analyzed. Therefore, fOE1,
fOE2, and fOE3 were considered similar, while fOE29 was consid-
ered different. fOE34 and fOE33, which showed 97.1% similarity
after RAPD-PCR analysis (Fig. 3) and whose lys sequences are
identical (Fig. 2), were considered to belong to the same group.
Thus, with the comparison of RAPD profiles and lys sequences, it
was possible to clearly individuate 12 different phages.

DISCUSSION

Sluggish or incomplete MLF can be a problem in the vinification
process, and it has been suggested that MLF may be interrupted,
delayed, or completely inhibited by the actions of phages active
against LAB (5). Later, it was concluded that phages did not rep-
resent a critical problem for MLF, because they should be inacti-
vated by wine conditions, such as low pH (�3.5) and sulfur diox-
ide content (13). However, interference by phages with MLF in a
wine of pH 3.23 has been observed (6). Likewise, another study (7)
concluded that wine composition may affect the infective capacity
of phages and that, as previously suggested (5), there is a need to
inoculate a mixture of bacterial strains with different sensitivities
to avoid starter culture failure and problems during MLF.

The use of bacteria as the starter for malolactic fermentation in
wine is a widespread practice in oenology, but, although O. oeni is
the principal LAB species responsible for this fermentation (30,
31), there are few reports about the sensitivity of O. oeni strains to
bacteriophages. Methods for detection of lysogeny in the species
have been reported by different authors and are based on induc-
tion of phages with mitomycin C and the observation of phages by
EM (5, 6, 13, 32). However, although a protocol taking into ac-
count the sequence of the lys gene has recently been successfully
applied to evaluate phages infecting L. helveticus (11), no PCR
methods have been described to identify phages infecting O. oeni.

In the present study, after analysis of the few available O. oeni
bacteriophage partial sequences, a PCR method based on the de-
tection of the lys gene was designed and set up for the study of O.
oeni carrying bacteriophages. When the method was applied to 37
O. oeni strains, it was shown that 25 (67.6%) of them were lyso-

FIG 2 Dendrogram obtained by alignment of the lys gene sequences found
in this study (labeled fOE) with the lys sequences of O. oeni bacteriophages
fOg44 (gi�57281901), fOgPSU1 (gi�50057020), 10 MC (gi�4105634), and
fOg30 (gi�51035320) available in GenBank and the lys sequences contained
in O. oeni genomes (28): AWRIB422 (gb�ALAG01000013.1), AWRIB548
(gb�ALAH01000027.1), AWRIB568 (gb�ALAJ01000015.1), AWRI576
(gb�ALAK01000018.1), AWRI418 (gb�ALAE01000014.1), AWRI202 (gb�
AJTO01000030.1), and AWRI318 (gb�ALAD01000011.1). Sequence align-
ment and phylogenetic analysis were performed with Bionumerics software
using multiple-sequence alignment and the UPGMA algorithm. The similarity
distances are shown at each node.

Doria et al.

4802 aem.asm.org Applied and Environmental Microbiology

http://aem.asm.org


genic, as demonstrated by amplification of the lys gene. Of these,
the lytic cycle was induced in 15 strains (60% of the lysogenic
strains; 40.5% of the total strains studied) by UV exposure and in
only 8 strains by mitomycin C treatment.

Until now, the percentages of lysogeny in O. oeni have been
analyzed after mitomycin C induction with variable results,
33.3%, 45%, and 63% (7, 32, 33), and it has been reported that O.
oeni strains that were very sensitive to infection were previously
suspected to be prophage free as a result of the mitomycin test (7).
Here, the mitomycin C induction achieved was lower (21.6%)
than that with UV treatment (40.5%), demonstrating that lysis of
bacteria carrying a prophage cannot always be induced in the same

way by external agents, as has been previously reported by Shan et
al. (34), who showed that, by using mitomycin C and norfloxacin
as inducing agents in Clostridium difficile, two phages were in-
duced only by norfloxacin, nine only by mitomycin C, and three
by both antibiotics.

However, noninducible phages have been frequently detected
in bacterial genomes (35, 36), a fact that was first reported after
mitomycin C lysis induction in lactic streptococci (37) and later in
Lactobacillus species (38, 39). In this regard, it has also been re-
ported that prophage induction in bacteriophages infecting mem-
bers of the genus Bifidobacterium varied depending on the growth
medium (40). In any case, the specific molecular analysis applied

FIG 3 (Left) Phylogenetic tree obtained by analyzing the composite data from two RAPD profiles and lys gene partial sequences using Bionumerics software with
the UPGMA algorithm. The similarity distance is reported at each node. (Middle and right) RAPD-PCR with the M13 primer (left gel), RAPD-PCR with M13
plus Lys primers (right gel), and a final alignment of 813-bp partial sequences of lys genes (only the first and last 10 nucleotides are shown for each sequence).

FIG 4 Alignment of the lys sequences of the phages fOE1, fOE2, fOE3, and fOE29 using ClustalW. Dots indicate that the nucleotide is the same as in the first
sequence; stars highlight the consensus sequence.
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in this work showed a higher percentage of O. oeni lysogeny
(67.6%) than any previously published data based on prophage
induction by external agents (7, 32, 33). Nevertheless, it should be
noted that some phage remnants have been found in the pange-
nome of bacteria (28, 41), and further studies should be con-
ducted on the strains that possess lys genes but are not inducible to
properly characterize phages.

Phylogenetic analysis based on the sequences of lys genes am-
plified from 25 O. oeni strains showed the presence of seven dis-
tinct clusters (Fig. 2). Interestingly, lys gene sequences are identi-
cal between the strains of a single cluster, confirming that this high
homology makes the lys gene a suitable target for phylogenic anal-
ysis. The sequences obtained were unique and have not been pre-
viously identified, as none of them had 100% homology with any
of the O. oeni bacteriophages already described. The largest cluster
found here included 13 sequences with 94.5% similarity to the
bacteriophages 10 MC and AWRI422, followed by cluster 5, which
contains 4 sequences with 98.8% similarity to bacteriophage
fOg30 and 96.4% similarity to AWRI576, while cluster 7 (2 se-
quences) shows 98% similarity to AWRI318.

Phage DNAs obtained after UV induction were analyzed by
two RAPD-PCRs. Analysis of RAPD profiles and the partial lys
sequence of each phage allowed the discrimination of 12 different
groups of phages (Fig. 3).

In conclusion, this study shows that this newly developed
method is more sensitive in detecting bacteriophages than tradi-
tional nonmolecular methods, and therefore, it is a useful and
rapid tool to perform screenings to assess the presence of pro-
phages in the O. oeni genome. The study also demonstrates that
lysogeny is high among the O. oeni population.
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