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Molecular analysis of Fomitiporia mediterranea isolates from
esca-affected grapevines in southern Italy
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Summary. Four Fomitiporia isolates representative of a collection of about 300 isolates from esca-affected grape-
vines in southern Italy (Apulia, Campania and Abruzzo) were examined by molecular methods. The DNA of each
isolate was analysed by means of polymerase chain reaction (PCR amplification) using I'TS5 and ITS4 primers. An
amplification product of 740 bp was obtained from all isolates. The denaturated products had the same migration
pattern when analysed by single-strand conformation polymorphism. The PCR fragments that included the ribos-
omal ITS1-5.8S-ITS2 region were sequenced. In order to ascertain the taxonomic identity of the isolates, the ITS
sequences were compared with those of Fomitiporia mediterranea, F. punctata and F. robusta deposited in the GenBank.
The ITS sequences of the isolates were uniform and homologous with those of the type culture of Fomitiporia
mediterranea M. Fischer, to which the southern Italian isolates were compared.
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Introduction

Although it is considered to be a complex dis-
ease also involving tracheiphilous fungi (species
of Phaeoacremonium and Phaeomoniella), esca of
grapevine (Vitis vinifera L.) has been primarily as-
sociated with the colonization and decay of the
woody tissue by wood-decaying fungi (Graniti et
al.,2000). And it is true that the trunk or the main
branches of grapevines showing esca symptoms
often harbour portions of decayed wood in the form
of spongy, yellowish masses (white rot). Several
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species of basidiomycetes have been isolated from
this decayed wood and presumed to be associated
with the disease. For a long time, two lignicolous
fungi, Phellinus igniarius (L.) Quél. and, to a less-
er extent, Stereum hirsutum (Willd.) Gray (1938),
were thus thought to cause esca (Galet, 1977; Re-
isenzein et al., 2000). In recent years, however, sev-
eral studies made clear that S. hirsutum has only
a negligible or no role at all in esca, and that the
mycelial isolates from esca-affected vines, identi-
fied as P. igniarius, were, in fact, misidentifications
of Fomitiporia punctata (P. Karst.) Murrill (Mu-
gnai et al., 1999; Cortesi et al., 2000). However,
molecular, cultural and genetic studies of a collec-
tion of 13 fungal isolates colonising grapevine in
central and northern Italy and in Germany, and
identified as F. punctata, showed that these strains



differed from those living on other hosts and in
other areas. Consequently, a new species, Fomiti-
poria mediterranea M. Fischer was established
(Fischer, 2002) and presumed to be widespread, in
the Mediterranean area (Fischer and Kassemey-
er, 2003).

Actually, the fruiting bodies of F. mediterra-
nea are relatively rare on the trunks or branch-
es of grapevines (Fig. 1) and a timely diagnostic
characterization of the fungus on the basis of
morphological features is not easily performed.
At present, reliable identification of the species
causing wood decay of grapevines, apart from
some characteristics of the mycelium in culture,
has to rely mostly on molecular diagnosis
(Fischer, 2002).

The aim of the present study was to investigate
whether F. mediterranea is the main wood-decay-
ing fungus in some vine-growing areas of south-
ern Italy and to set up a protocol for the molecular
diagnosis of this fungus.

Materials and methods

Fomitiporia isolates

During the last ten years, in 15 vine-growing
areas of southern Italy (Abruzzo, Campania and
Apulia) about 300 fungal isolates belonging to the
genus Fomitiporia were isolated from the decayed
wood of grapevines showing symptoms of esca and,
occasionally, from Fomitiporia carpophores found
on the trunks of old vines. On the basis of prodro-
mic naked-eye observations, these isolates were
grouped into four phenetic classes according to the
characteristics of the colonies in culture (type and
speed of mycelial growth, pigmentation, etc.).

Perceived characters were striking enough not
to require additional analytic procedures such as
image analysis or colorimetric measurements. Four
sample isolates, each representing one of the above
classes, were selected and subjected to molecular
analysis taking into account the procedure de-
scribed by Fischer (2002).

DNA extraction

Total DNA was extracted, following Aljanabi and
Martinez (1997), from 50-100 mg of mycelium of
each fungal isolate and resuspended in 300 ul of
TE buffer pH 8 (Tris-HCI 10 mM, 1 mM EDTA).
The extracted DNA was analysed by electrophore-
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sis in 1.5% agarose gel in TAE running buffer (40
mM Tris-acetate and 1 mM EDTA at pH 8.0) and
viewed using the Gel Doc 2000 System (Bio-Rad
Laboratories, Hercules, CA, USA).

The concentration of DNA was determined by
comparison with the molecular weight marker 1
kb ladder (Invitrogen, Carlsbad, CA, USA), using
the Quantity One Software (Bio-Rad Laborato-
ries).

PCR (Polymerase Chain Reaction)

Primers ITS5 and ITS4 (White et al., 1990) were
used for amplifying the ITS1 (Internal Transcribed
Spacer) and ITS2 regions, and the RNA 5.8S en-
coding gene. Reactions were performed in a vol-
ume of 100 ul containing sterile bidistilled water,
10 ul of 10X buffer, 200 uM of each of the nucle-
otides dATP, dGTP, dCTP, dTTP, 0.5 mM of each
primer, 4 Units of Red Taq DNA polymerase (Sig-
ma, Missouri, USA) and about 10 ng of template
DNA. A negative control with sterile bidistilled
water was carried out for each PCR. A thermalcy-
cler (PCR-Express Hybaid Ltd., Middlesex, UK)
was used with the following program: 1 cycle of 2
min at 95°C; 35 cycles of 1 min at 95°C, 1 min at
50°C and 1 min at 72°C; a final step of 7 min at
72°C. Amplification products were analysed by elec-
trophoresis at 5 V em™ in 1.5% agarose gel in TAE
buffer containing ethidium bromide at a final con-
centration of 0.5 ug ul'. The molecular weight of
the fragments was determined using the 1kb DNA
ladder.

Single-strand conformation polymorphism

For the single-strand conformation polymor-
phism (SSCP) analysis, 1 ul of PCR product was
mixed with 9 ul of 95% formamide, 20 mM EDTA
and 0.05% bromophenol blue, denatured for 10
min at 99°C and quickly chilled on ice. Different
conditions were tested to optimize the migration
of single-stranded DNA fragments (Glava and
Dean, 1993). Denatured products were analysed
by electrophoresis at 300 V at 4°C for 4 h, in 12%
poly-acrylamide non-denaturing gel, with an acr-
ylamide/bis-acrylamide ratio of 37.5:1, in TBE
running buffer (89 mM Tris-borate) using a Mini-
Protean 3 Electrophoresis Cell (Bio-Rad Labo-
ratories). Single-stranded DNA fragments were
dyed with silver staining (Amersham, Uppsala,
Sweden).

Vol. 43, No. 2, August 2004 269



C. Ciccarone et al.

Fig. 1. Fruiting body of Fomitiporia mediterranea on Vitis vinifera cv. Montepulciano.

Sequencing

The PCR products of the 4 isolates were puri-
fied by Mini Elute columns (Qiagen, Hilden, Ger-
many) and sequenced in both directions.

Automatic sequencing was performed by BMR,
University of Padua (http:/bmr.cribi.unipd.it), us-
ing the Big Dye terminator method and a ge-
netic Analyzer ABI Prism 3100 (Applied Biosys-
tems).

Chromas software was used to elaborate the se-
quences, the BLAST program (www.ncbi.nlm.nih.gov/
blast/bl2seq/bl2.html) to compare the sequences and
the CLUSTAL W program (www.ebi.ac.uk/clustalw)
for multiple alignments.

Results

A fragment of 740 bp was produced by PCR for
all samples. No difference was found between sam-
ples by SSCP analysis; all fragments were almost
uniform, showing a nearly identical migration pat-
tern (Fig. 2).

The ITS1, ITS2 and 5.8S sequences of the four

270 Phytopathologia Mediterranea

Fomitiporia samples under study were compared
by alignment with the following sequences depos-
ited in GenBank by Fischer (2002): Fomitiporia
mediterranea (AF515578), F. punctata (AF515563)
and F. robusta (AF515560).

The ITS1 region of the samples neither con-
tained the typical insertion of F. robusta (between
nucleotides 49 and 56, Fig. 3A), nor the character-
istic deletions of F. punctata (between bases 185

1A 2A 3A 4A 1B 2B 3B 4B
\ g 2 — e e —

Fig. 2. Single-strand conformation polymorphism (SSCP)
profiles of selected Fomitiporia mediterranea isolates.
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AF515560  Fomitiporia robusta (726 bp)
AFS515563  Fomitiporia punctata (720 bp)
AF51557T8  Fomitiporta mediterranea (™0 bp)
in EAGGATCATTAACGAGITGE AACGE-TGG AGETTG ATGCTGETGD ATATA—-———— TA-G 51
1B AR GGATCATTAACGAGTTGE AACG=TGE AGGTTG ATGCTGETGC ATATA==—==== Th=G 51
AF515560 AAGGATC ATT ARCGAGTT AGARCGETGE AGGTTG ATGCTGGTGE ATATATTIGTTG TATG 60 A
AF515563 ARGGATCATT ACTGCGTT AGARACSG-TGE AGETTG ATGCTGETE. ATAT ~———=e=a TATG 51
BF515578 BAGGATCATTAACGAGITGG AAOG-TGG AGETTG ATGCTGETGS ATATA—— ——— TA-G 51
2B ALGEATCATTAACGAGTTEG AROG-TGGE AGETTG ATGCTGETGS ATATA—-——— TA-G 51
3 AR GGATCATT ARCGAGTTGE AROG=TGE AGETTG ATGCTGETGD AT AT Am—————— TA=G 51
2n ARGGATC ATT ARCGAGTTSG AACG=TGG AGGTTE ATGCTGGTGE AT AT fm====== Ta=G 51
4R [y -
3B AR GGATCATTAACGAGITGE AAOG-TGG AGGTTG ATGCTGGETGE ATATA—-———— TAa-G 51
4B AAGGATCATTAACGAGITGGE ARCG-TGGE AGGTTG ATGCTGGTGE ATATA—-——— Ta-G 51
1a CTTTCT AGCAGTAGTAATAATARCAMNTCTIGETICT ACTA-CTATTACTGTS AACACTTT 227
iB CTTTCT BGCAGTAGTAATAATARCARTCTTGETTCT ACTA-CTATTACTGTG RACACTTT 227
BF515560 CTTTCTEEC ATTACTAATGATCATCATCTCGSTTC AACTG -CTACTA-— TGRACACTTT 230
AFS515563 CTTTCTGGEC AGTAGSE =——===— CATCATCTC AGTTC ARCTG -CTACT A== TGRACACTTT 219 B
AF515578 CTTTCT AGCAGTAGT AATAATAACAMTCTTGGTTCT ACTA-CTATTACTGTG AACACTTT 227
2B CTTTCT AGCAGTAGTAATAATARCARTCTTGSTTCT ACTA-CTATTACTGTG BACACTTT 227
n CTTTCT AGCAGTAGTRATAATARCAR TCTTGGTTCT ACTA-CTATTACTGTG AACACTTT 227
28 CTTTCT AGCAGTAGT RATAATAACARTCTTIGETTCT ACTA-CTATTACTGTG ARCACTTT 227
48 CTTTCT AGCCGGE AGGRATAATARCCATCTTGGGTCT ACHMATCTATTACTGGGH ACNCTTT 105
3B CTTTCT AGCAGTAST ARTAATARCARTCTTGETTCT ACTA-CTATTACTSTG AMRCACTTT 227
4B FNTTHTHNCHNN  ANNAAT AATARCHANCTTGSNTHT ACTH =CMANT ACMGGSE AACNCTTT 227
=k & * * * *  kk * *x * ok kx * kd kdkd
1A GACTTTT ACTTATACRAA CACTTTGCTTGTTCTT —-GTG AATGTGT A% TGC -TCCTTGTG A 285
1B GACTTTT ACTTATACAAR CACTTTGCTTGTTCTT -GTG AATGTST AATGC -TCCTTGTG A 28BS C
AF515560 GACTT ====== ATACAAA CACTTT ACTTGTG AAT -GTG AL TGTGT AL TEE ~TCCTTGTE A 282
BF515563 GACTTT -ATTTATACRAR CACTTTGCTTGTTCTTTG  AGAATGTGET ARTGC -TCCTTGTG A 277
RF515578 GARCTTTT ACTTATACAAR CACTTTGCTTETTCTT —GTG AATETGT AR TEC -TCCTTETE A 285
2B GACTTIT ACTTATACAAR CACTTIGCTTETTCTT =-GTG AATETGT AR TGC =TCCTTETE A 285
3n GARCTTTT ACTTATACEAR CACTTTGCTTGSTTCTT =GTG AATGTGT ARTGCCTCCTTGTG A 2B6
258 GACTTIT ACTTATACRAA CACTTTGCTTCSTTCTT ~-GTG ARTGTET AATEC ~TCCTTGTE A 285
4n GHCTTTT ACTTATHCN AACHCTTTGNTTGGICTT -GGG AATGEGN AR TGN -THCTTGGEN 163
3B GACTTTT ACTTATACRAR CACTTTGCTTGTTCTT —GTG BATETGT AR TGS -TCCTTETG A 285
4B GHCTTTT ACTTATHNCH ARCHNNTTTGETTGGTCTT -GGG ARNGEEN AANGE -THCNTGEE A 285
S —— A ¥k MR K OK RR K Wk EN W
1 CTCAATCCTCTTTTITCT TAATTG ARGGARGEGECTTGE ACTTGESE AGET——-—- TAATAT 518
1B CTCARTCCTCTTTTITCTT AARTTG AR GGAGGGEECTTGSE ACTTGES AGGT———-— TARTAT 518
BF515560 CTCARTTCTCTTTIT - CTTAATTG BRGARGGGE —CTTGE ACTTGE AGGA——— TRA--T 511 D
AF515563 CTCARTCCTCTTTTT —-CTTARTTG ARGARGRGG—-CTTGGE ACTTGE AGGGE—-—— TaA---T 505
BF515578 CTCAARTCCTCTTTTITTCTT AATTG ARGGAGGGEECTTGE ACTTGE AGET—-— TRATAT 518
2B CTCAATCCTCTTTITTCTT AATTG ARGGAGGGEECTTGE ACTTGG AGGET-—-—— TAATAT 518
an CTCAATCCTCTTTITTCTT AATTGS ARGGAGGGEECTTGE ACTTE GAGGET=——-- TAATAT 519
2n CTCAATCCTCTTTTTTCTT AATTG AR GGNNGEEEHNNTGGNCTTGE  AGEGS AGETT ARTAT 523
48 CTCARNCCTNTTTTTITTIT AATTS AANGAGEGEECTTGES ACTTES AGET=——-- TTATAT 396
3B CCCARA CTGNTTGTTTCTT AAT-AAR GGANGGGECTTHNNHCTTSG ARGGT-—-— TRATAT 519
4B CTH A I NN NN N N M M LT HE M M NN M N G T -—--— TAATAN 518
x  kw - *
1n ARACC A TTTTS ACTGOCTTTEETOCTONN = NARGET 4G —-—m mmm e mmmmmm e 723
lB O
BF515560 GROCCATTT - GAC======= —= CTCARA T- CAGGTAGGACTAC-CCGECT —GRACTT AR 126
AF515563 GACCCATTT =GAC= == = - CTCAAA T-CAGGTAGGACTAC-CCGCTTE AACTT A4 720 E
AFS15578 PARCCATTIT =GACTCC TTTG ACCTC ARA T-CRGGTAGGACTAC-COGCT =GAACTT AR 740
2B ARRCCATIT - GACTCCTTTS ACCTC ARA T-CAGET AGGACT ANGUCGET AR 735
an BABCCATTT -GACTCCTTTG ACCTC ARA T- CAGET AGGACT ACCE ————— 730
2n BACACCATTTG ACT—CCTTT ACCTC ARAR 718
40 e e e e e e e B T p—
3B ACCCCNTNCGTNCCCCTNTNGCCNCT — AATACAGGT AGC AGNG ACCCCCTNG -——--—- 748
4B ACCCCNT ACGTHCCOCTNTCNCCTNT AATANAGENNGE AGCGTICCCCTOCG A===== 750

Fig. 3. Allignment of Fomitiporia mediterranea ITS 1 and 2 regions with reference sequences deposited in GenBank.
Insertions and deletions characteristic of F. punctata (AF515563) and F. robusta (AF515560) are highlighted in blue.
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and 191, Fig. 3B), nor those of F. robusta (between
nucleotides 235 and 240, Fig. 3C).

The two deletions common to F. robusta and F.
punctata between the bases 508 and 510 and be-
tween the nucleotides 694 and 704 in the ITS2 re-
gion, were missing in the samples examined (Fig.
3D and 3E). In addition, all samples showed greater
homology for F. mediterranea (94%) than for F. ro-
busta (89%) and F. punctata (87%).

Conclusions

Sequencing of the ITS regions indicated that the
four Fomitiporia isolates obtained from esca-affect-
ed grapevines in southern Italy belong to F. medi-
terranea. Since the isolates examined represent a
collection of about 300 cultures isolated in differ-
ent places and seasons over a period of 10 years, it
may be assumed that, in the examined area, F.
mediterranea prevails as the main wood-rot basid-
iomycete associated with esca of grapevine. Until
a reliable diagnosis can be performed with mor-
phological, cultural and biochemical data (work in
progress), the protocol for molecular analysis re-
ported here can be used for identification of Fomi-
tiporia isolates from grapevines.
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