
SUMMARY

Carpinus betulus L. (European or common horn-
beam) is well known for its rustic nature and adaptabili-
ty, which make it a very important tree in private and
public green areas. During the last few years, many cas-
es of decline and death of these trees were reported in
different Italian regions, and because of its lethal out-
come, this disease was termed “Carpinus betulus de-
cline.” Laboratory analysis aimed at isolating the etio-
logical agents of this disease ascertained the frequent
presence of two different fungi in the same canker, and
experimental infections confirmed that both fungi are
hornbeam pathogens. The aim of this work is to de-
scribe the taxonomic determination of one of the fungi.
On the bases of symptoms, morphocultural and micro-
morphological characteristics, this fungus, which pro-
duces red-spore masses on hornbeam bark, was identi-
fied as Anthostoma decipiens (DC.: Fr) Nitschke,
anamorph Cytospora decipiens Sacc. To date, no Anthos-
toma-related DNA sequences have been published, and
comparison of ITS1, ITS2, and partial beta-tubulin nu-
cleotide sequences with those present in the internation-
al databases gave no help in identifying the pathogen.
Therefore, the sequences obtained were deposited in
the EMBL Nucleotide Sequence Database. A specific
primer, to be used for PCR reactions in combination
with the standard primer ITS4, and located 80 nu-
cleotides next to the 3’-end of ITS1 primer, named
REX, was selected, synthesized, and tested.

Key words: European hornbeam, canker, Cytospora
decipiens, ITS region, PCR, diagnosis.

INTRODUCTION

Carpinus betulus L. (European or common horn-
beam) is a native of western, central, and southern Eu-
rope where it grows in different woods, as a remnant of

Corresponding author: M. Saracchi
Fax: +39.02.50316748
E-mail: marco.saracchi@unimi.it

the ancient forests, frequently in mixed stands with
oaks, and is an important component of wild vegetation.
Hornbeam is also widespread in urban green areas and
parks. During the Italian Renaissance, gardens became
more and more important, and thereafter, hornbeam
became one of the most important elements of “green
architecture” because it is hardy and adaptable. Owing
to its standing up to pruning and drought, hornbeams
have frequently been used since that time in landscape
gardening, mainly as tall hedges and for topiary. Horn-
beam hedges embellish large and small gardens, and of-
ten border new roads, streets, and cycle-lanes. Horn-
beam trees are also used for the consolidation and re-
generation of many levees and embankments.

During the last few years, there have been increasing
reports of the decline and death of hornbeam, especially
trees arranged in rows and groups, more frequently in
urban green areas and parks. Observations of the symp-
tomatic trees showed large cankers with showy red
resin-like clumps on the bark of the trunks and main
branches. Globose reproductive structures of a few mil-
limeters in diameter were seen on the bark, from which,
during humid weather, long yellowish cirri came out.
The affected branches wilted in a few years, and when
the main trunk was affected, the entire tree died. Owing
to the lethal outcome of infections, this disease was
termed “Carpinus betulus decline” (Saracchi et al., 2007,
2008a). This problem was reported in different Italian
regions, particularly in Lombardy, Piedmont, Emilia
Romagna, and Tuscany (Dallavalle et al., 2003; Ricca et
al., 2008; Saracchi et al., 2006, 2008b). In vitro isola-
tions of the etiological agents confirmed the presence of
two different fungi, frequently in the same canker, and
experimental infections on 2-6-year-old potted horn-
beams confirmed that both fungi can cause the disease
(Saracchi et al., 2008a).

Preliminary studies related the fungus producing yel-
lowish cirri to the genus Endothiella, and the other
pathogen generating red resin masses on the cortical
surfaces, to Naemospora sp. (Saracchi et al., 2006, 2007,
2008a, 2008c). Recently, the discovery of the sexual
form of this latter fungus, as black perithecia, on the
dead cortical bark of the declining hornbeams led to
more precise taxonomic identification.

Journal of Plant Pathology (2010), 92 (3), 637-644 Edizioni ETS Pisa, 2010 637

STUDIES ON ANTHOSTOMA DECIPIENS INVOLVED
IN CARPINUS BETULUS DECLINE

F. Rocchi, S. Quaroni, P. Sardi and M. Saracchi

Dipartimento di Protezione dei Sistemi Agroalimentare e Urbano e Valorizzazione delle Biodiversità,
Università degli Studi, Via Celoria 2, 20133 Milano, Italy

007_JPP235RP(Saracchi)_637_col  16-11-2010  14:29  Pagina 637



638 Carpinus betulus decline Journal of Plant Pathology (2010), 92 (3), 637-644

Thus, the main purpose of this study is to describe
the determination and characterization of this second
fungus through a molecular approach, and the con-
struction of a specific primer for PCR reactions, useful
for recognizing this pathogen that seldom produces
conidia and never generates spores in vitro (Saracchi et
al., 2008a, 2008c). Using a specific primer, the pathogen
could be directly detected in the host tissues, facilitating
the study and early diagnosis of the disease.

MATERIALS AND METHODS

Sample collection, pathogen isolation, and morpho-
cultural characterization. The declining hornbeams
here considered were situated in different gardens and
parks in Milan and Monza-Brianza provinces (Lom-
bardy, northern Italy); they were 10- to 90-year-old,
planted in rows or in more or less large groups (Fig. 1).
The fungal fruiting bodies, red masses similar to resin,
were produced on trunks and main branches during
spring and summer especially after days of high humidi-

ty. Branches and pieces of trunk were collected from 15
symptomatic hornbeams and transferred to the labora-
tory for analysis.

The pathogen was isolated by suspending small
amounts of red masses in sterile distilled water and plat-
ing a few microlitres of the suspensions on malt agar
medium, with 25 ppm Streptomycin and 25 ppm Tetra-
cycline (MA++) added. After 48-72 h incubation at
24°C, the germinating conidia were singly transferred to
fresh plates. Similar isolations were carried out from
black perithecia collected from the dead bark of declin-
ing trees.

Morphocultural characteristics were determined after
2, 3, 7, and 14 days of incubation at 20°C, on potato
dextrose agar (PDA), 2% malt extract, 2% glucose,
0.1% peptone, and 1.5% agar (MEA), and Czapeck so-
lution Agar (Difco Laboratories, USA) amended with
0.5% yeast extract (CYA).

Micromorphological observations. Teleomorphic
and anamorphic reproductive structures collected in
planta, and conidiophores and conidia differentiated in

Fig. 1. Declining hornbeam showing wilted branches and thin foliage (A). Detail of a canker on trunk (B) where the boundary be-
tween healthy and damaged tissues can be observed (a), red masses of conidia (b), detachment of the external cortical layers (c),
and the black layer of perithecia (c).
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vitro in 4-6 weeks old cultures were studied.
For light microscopy, conidia, fertile stromata, bark

fragments and perithecia were collected using needles
or surgical blades and mounted in water (sometimes
stained with 1% toluidine blue in water), to be ob-
served with an Orthoplan Leitz microscope.

Analogous samples for scanning electron microscopy
were water-mounted on glass slides or glued on alumini-
um stubs, and then air-dried or freeze-dried (Petrolini
and Locci, 1974; Petrolini et al., 1986; Saracchi et al.,
2008a). All specimens were coated under vacuum with a
thin gold film and observed with an LEO 438VP elec-
tron microscope (Leo Electron Microscopy, UK).

The sizes of the different fungal structures were
measured on digital images, averaging at least 100 single
measurements.

DNA extraction, PCR amplification, and sequenc-
ing. Forty isolates of the pathogen were grown on cello-
phane (Discocell PT60 - CELSA, Italy) placed onto
MA++ in Petri dishes. After 7 days of incubation at
24°C in the dark, the mycelium was transferred to Ep-
pendorf tubes, frozen at -25°C, lyophilized, and ground
to a powder. The DNA was extracted following a
method described by Kelly et al. (1998), and modified
by carrying out RNase treatment of the aqueous phase
before the second addition of cetyltrimethylammonium
bromide (CTAB) hot buffer. The concentration of nu-
cleic acid extracts was estimated by Qbit (Invitrogen,
USA). The primers ITS1 and ITS4 (White et al., 1990;
Garden and Bruns, 1993), and Bt1a and Bt1b (Glass
and Donaldson, 1995) were used to amplify ITS-1, 5.8S,
and ITS-2 regions of the nuclear rDNA and partial be-
ta-tubulin gene, respectively. PCR was performed in 30-
µl volume containing 1xGoTaq Reaction Buffer
(Promega, USA) with 1.5 mM of MgCl2, 0.1 mM of
each dNTP, 0.1 µM of each primer, 0.9 units of Taq
DNA polymerase (Promega, USA), and at least 1 ng of
genomic DNA. For the ITS region, PCR reactions were
performed in a Gene Cycler (Biorad, USA) using an ini-
tial cycle with denaturation at 95°C for 2 min, 25 cycles
of denaturation at 95°C for 30 sec, annealing at 55°C
for 30 sec, extension at 72°C for 1 min, and final exten-
sion at 72°C for 10 min. For the beta-tubulin gene, the
PCR conditions were as follows: denaturation at 95°C
for 2 min, 32 cycles of denaturation at 94°C for 1 min,
annealing at 58°C for 1 min, extension at 72°C for 1
min, and final extension at 72°C for 5 min. The PCR
product was electrophoresed in 1.5% agarose gel, and
visualized by staining with ethidium bromide in a GEL
DOC 2000 (Biorad, USA). After electrophoresis, the
PCR products were purified by QIAquick purification
kit (Qiagen, USA), and sequenced by Primm DNA Se-
quencing (Segrate, Italy) with the primers used for their
amplification. All DNA fragments were sequenced on
both strands. The Vector NTI (Invitrogen, USA) pro-

gramme was used to assemble and edit the sequences.
All the 40 strains gave the same sequences of the ITS-

1, 5.8S, and ITS-2 regions of the nuclear rDNA and
same partial of beta-tubulin gene. Therefore, the se-
quences of a representative strain (IPV-FW349) of the
pathogen were compared with those in EMBL-release
and EMBL-updates databases using the FASTA pro-
gram (http://www.ebi.ac.uk/Tools/fasta33/nucleotide.
html).

Taxon-specific primer design. Candidate taxon-spe-
cific PCR primers coupled with primer ITS4 were de-
signed on the ITS1 region of the pathogen using the
software PRIMER3 (http://www.bioinformatics.nl/cgi-
bin/primer3plus/primer3plus.cgi). To select the
primers, the possible dimer and hairpin formations of
the different sequences designed were also estimated us-
ing the online software OLIGOANALYZER 3.1
(http://eu.idtdna.com/analyzer/applications/oligoana-
lyzer/default.aspx).

To assess the specificity of the candidate taxon-spe-
cific primers, their sequences were analyzed using the
BLASTN program (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) to weigh the complementarities with any other
sequence in the Nucleotide Collection (nr/nt).

The specificity of the selected primer, named REX,
was further assessed in silico by aligning its nucleotide
sequence with the ITS-1, 5.8S, and ITS-2 nuclear rDNA
regions of the fungal species taxonomically related to
Anthostoma decipiens in the family Diatrypaceae (Rap-
paz, 1992; Acero et al., 2004). The primer REX was
checked for specificity using PCR reactions against the
DNAs extracted from the following fungi isolated from
hornbeams: Trichoderma sp. Pers. ex Fr. (code LD2,2),
Cladosporium sp. Link ex Fr. (code L201), Epicoccum
sp. Link ex Fr. (code N178), Pestalotiopsis sp. Steyaert
(code N154), Aspergillus niger Tiegh. (code B1), Dia-
tripe stigma (Hoffm.) Fr. (code QR2A), Nectria cinnaba-
rina (Tode) Fr. (code RN), Cryptovalsa ampelina
Nitschke (code S2/TQ4), Diaporthe eres Nitschke (code
ROSSO-3C), Armillaria mellea (Vahl) P. Kumm. (code
PT-C), Trametes versicolor (L.) Lloyd (code AS06-C),
Schizophyllum commune Fr. (code AF01B), Ganoderma
resinaceum Boud. (code GAN), Cryphonectria parasitica
(Murril) M.E. Barr (code P4.4), Endothia radicalis
(Schwein.) De Not. (code D5), and Endothiella sp.
Sacc. (code AR9-1/5). Five samples of healthy Carpinus
betulus tissues were included in PCR specificity tests.

Specific primer REX was also tested on 118 isolates
of A. decipiens: 40 were included in this study and 78
others were from cortical cankers collected on diseased
hornbeams located in 17 different places, distributed in
some provinces of Lombardy: Bergamo (12 isolates, 3
places), Lecco (6 isolates, 1 place), Milano (27 isolates, 8
places), Monza-Brianza (31 isolates, 4 places), and
Varese (2 isolates, 1 place).
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Fig. 2. Reproductive structures related to the anamorph Cytospora decipens: close-up of red mass of conidia (A), loculus formed
between host bark and woody tissues (B) containing the fertile stroma of long conidiophores (C), producing lunate conidia (D);
teleomorphic structures of Anthostoma decipiens: emerging necks of black perithecia (E) and close-up of their furrowed apex (F),
flask-like, nearly black, ovoid perithecia arranged in a single layer covered by the fertile hymenium (G) producing club-shaped as-
ci and ascospores (H).
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PCRs were performed by adopting the same condi-
tions used for the amplification of ITS regions. Only the
annealing temperature was previously optimized by
means of gradient PCR.

RESULTS

Pathogen isolation and characterization. Forty
monosporic isolates were obtained from conidia clus-
tered in the red spore mass (Fig. 2A and 2B), and as-
cospores were obtained from black perithecia (Fig. 2E
and 2G). All isolates showed the same morphocultural
characteristics on three different media. The colonies
grew rapidly, reaching a diameter of 6.5 and 7.5 cm in 7
days at 20°C, on PDA and CYA, and on MEA, respec-
tively. On all media tested, the pathogen produced
cream-white to hyaline, moderate to profusely branched
multiseptate mycelia forming colonies with the surface
covered by cottony aerial hyphae. Old mycelia (2-4
weeks) of 25 isolates turned to dark grey and produced
grey diffusible pigments when grown on CYA (Fig. 3A).

The reverse of colonies turned brown-grey or pinkish
after 2 weeks of incubation on CYA and PDA, respec-
tively (Fig. 3B).

The isolates tested did not grow below 5°C and
above 37°C. After two months or more of incubation, a
few fertile stromata supporting mitosporic reproductive
structures were formed in colonies developed from both
conidia and ascospores.

Micromorphological observations. Light and scan-
ning electron microscopy revealed the morphology of
the reproductive structures, both on host bark and in
vitro (Fig. 2). In the loculi, inside the fertile stromata
(Fig. 2B), long conidiophores were present (17-19 µm)
(Fig. 2C) producing holoblastic unicellular lunate coni-
dia, hyaline, 4-12 µm by 1.3-1.4 µm (Fig. 2D). From the
in vitro-formed stromata and bark, the conidia oozed
out through cracks as yellow-reddish masses that be-
came cherry-red over time (Fig. 2A and 2B).

Sexual structures were detected on severely declined
hornbeams (Fig. 1A) in the oldest part of the cankers on
the trunks (Fig. 1B), surface roots, and stumps, showing
detachment of the external cortical layer. They ap-
peared as a dark, nearly black velvety layer (Fig. 2E)
formed by ovoid perithecia, 0.5-0.8 mm in diameter,
arranged in single layer, often leaning to each other (Fig.
2G). The flask-like perithecia had long necks, up to 1.5
mm in length and 300 µm in diameter, showing 5-8 fur-
rows and a central apical hollow (Fig. 2F).

On the fertile hymenium of perithecial loculi, para-
physes (150–200 µm in length) were observed and club-
shaped asci (35–60 x 4–5 µm) with long stalks (30–50
µm) containing uniseriate, ellipsoidal, light brown to
olive-green ascospores (4-7 x 1.8-3.5 µm) (Fig. 2D).

On the bases of symptoms, and morphocultural and
micromorphological characteristics, the fungus was
identified as A. decipiens (DC.: Fr) Nitschke, anamorph
Cytospora decipiens Sacc. (Nitschke, 1867; Rappaz,
1992; Saccardo, 1882, 1884). This identification was
confirmed by comparative micromorphological studies
on the sample of A. decipiens on hornbeam bark collect-
ed by P.A. Saccardo near Pavia (northern Italy) and was
included (sheet n. 448, year 1873) in the herbarium
“Collectio Mycologica” assembled by the Italian mycolo-
gist G.B. Traverso (1878-1955), which is one of the
bases of the original description of the fungus.
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Fig. 3. Morphology of surface (A) and reverse (B) Anthos-
toma decipiens (anamorph: Cytospora decipiens) two-week-old
colonies grown on CYA at 20°C.
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DNA extraction, PCR amplification, and sequenc-
ing. DNA was successfully extracted and PCR-ampli-
fied from all 40 isolates considered: 22 from monoconi-
dial and 18 from monoascosporic cultures. The ampli-
cons related to ITS-1, 5.8S, and ITS-2 and partial beta-
tubulin gene regions of the nuclear rDNA were 588 and
462 bp in length, respectively. The sequences of the
same region were always identical in all the considered
isolates, both from ascospores and conidia.

The comparison of ITS1, ITS2, and beta-tubulin nu-
cleotide sequences with those present in EMBL-release
and EMBL-updates databases gave no useful results for
identification of the hornbeam pathogen because the
similarity percentages were never >90%. Subsequently,

these two sequences related to the fungal species A. de-
cipiens were submitted to the EMBL Nucleotide Se-
quence Database, and published with accession num-
bers AM399021 and AM920693, respectively.

Taxon-specific primer design. On the basis of the
ITS-1, 5.8S, and ITS-2 nucleotide sequences, eight can-
didate-specific primers were designed. After a prelimi-
nary in silico screening, the primer named REX, se-
quence 5’-AGTTACTTGGAGGCGAGCTA-3’, locat-
ed 80 nucleotides next the 3’-end of the ITS1 primer,
was selected, synthesized, and tested.

Gradient PCR reactions assessed the optimum an-
nealing temperature of REX coupled with primer ITS4
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Fig. 4. Alignment of the ITS1 DNA region of the fungal species taxonomically related with Anthostoma decipiens according to the
studies on the family Diatrypaceae (Rappaz, 1992; Acero et al., 2004), Anthostoma decipiens strain IPV-FW349, and the specific
primer REX, about 80 nucleotides next the 3’ end of the ITS1 universal primer.

GeneBank accession
number

Species ITS1 region

AJ302417 Cryptosphaeria eunomia var. eunomia (Fr : Fr) Fuckel. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302421 Cryptosphaeria eunomia (Fr : Fr) Fuckel. var. fraxini (Richon) F. Rappaz. ----TTAGTTACCCGGGAAGACGC-TACCTCGTAGC-------
AJ302456 Eutypa petrakii var. petrakii F. Rappaz. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302452 Eutypa lata (Pers. : Fr.) Tul. & C. Tul. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302459 Eutypa lata (Pers. : Fr.) Tul. & C. Tul. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302445 Eutypa armeniacae Hansford & Carter. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302449 Eutypa laevata (Nitschke) Sacc. -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302451 Eutypa lata (Pers.) Tul. & C. Tul. var. aceris F. Rappaz -----TAGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302440 Diatrypella favacea (Fr.) Cesati & De Not. -----TAGTTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302443 Diatrypella pulvinata Nits. -----TAGTTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302426 Diatrype flavovirens (Pers. : Fr.) Fr. ------AGCTACCCGGGAGCGAGC-TACCCTGTAGCCCGCTGC
AJ302427 Diatrype flavovirens (Pers. : Fr.) Fr. -----AAGTTACCCGGGAGCGGGC-TACT-TGTAGCCCGCTGC
AJ302469 Eutypella quaternata (Pers. : Fr.) F. Rappaz. ----CCTGTATCTCGCGGGGGAACGTACCCTGTAGCTACCCCG
AJ302431 Diatrype macowaniana Thum ----------ACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302460 Eutypella caricae (De Not.) Berl. ----------ACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302441 Diatrypella frostii Peck ----------ACCCGGGA-GCGAGCTGCCCTGCAGCCCGCTGC
AJ302442 Diatrypella prominens (Howe) Ell. & Everh. CCCTGTAGTTACCCGGGA-GCGAGCTGCCCTGCAGCCCGCTGC
AJ302461 Eutypella cerviculata (Fr : Fr) Sacc. ---------TACTCGGT--GCGAACTACCCTGTAGCTAGCTGC
AJ302468 Eutypella cerviculata (Fr : Fr) Sacc. ---------AACTCAGGAGGCGAGCTACCCTGTAGGATGCCGC
AJ302465 Eutypella scoparia (Schwein. : Fr.) Ellis & Everh. ------AGTTACCCTGTA-ACGAGTTGCCCTGTAGGGACCTGC
AJ302467 Eutypella alsophila (Mont.) Berl. ------AGTTACCCTGTA-ACGAGTTGCCCTGTAGGGACTTGC
AJ302462 Eutypella kochiana Rehm. ------CGCTACCCTGTA-GCAACCTACCCTGTAGGCCCCGTC
AJ302463 Eutypella leprosa (Pers. ex.Fr. : Fr.) Berl. ---------TACCCTGTA-GT----TACCCTGTA---------
AJ302466 Eutypella vitis (Schwein. : Fr.) Ellis & Everh. ---------TACCCTGTA-GC----TACCCTGTAA--------
EF155481 Eutypa spinosa (Pers.) Tul. & C. Tul. ---------TACCCGGTA-GCAGCCTACCCTGTAGACCGCGCC
EF155479 Eutypa spinosa (Pers.) Tul. & C. Tul. ---------TACCCGGTA-GCAGCCTACCCTGTAGACCGCTGC
AJ302422 Diatrype bullata (Hoffm. : Fr.) Fr. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302433 Diatrype spilomea H. Syd. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302423 Diatrype disciformis (Hoffm. : Fr.) Fr. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302444 Diatrypella quercina (Pers. ex.Fr.) De Not. ex.Cke. -------GTTACCCGGGA-GCGAGCTACCTGGTAGCCCGCTGC
AJ302434 Diatrype stigma (Hoffm. : Fr.) Fr. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302436 Diatrype undulata (Pers. : Fr.) Fr. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302432 Diatrype polycocca Fuckel. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302454 Eutypa maura (Fr : Fr) Fuckel. -------CTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302464 Eutypella prunastri (Pers. : Fr.) Sacc. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302448 Eutypa crustata (Fr : Fr) Sacc. -------GTTACCCGGGA-GCGAGCTACTCTGTAGCCCGCTGC
AJ302458 Eutypa astroidea (Fr : Fr) F. Rappaz. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302447 Eutypa consobrina (Mont.) F. Rappaz. -------GGGACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302453 Eutypa leptoplaca (Mont.) F. Rappaz. -------GTTACCCGGGA-GCGAGCTACGCTGTAGCCCGCTGC
AJ302418 Cryptosphaeria lignyota (Fr : Fr) Auersw. -------GACACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302420 Cryptosphaeria subcutanea (Wahl. : Fr.) F. Rappaz. -------GACACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
AJ302419 Cryptosphaeria pullmanensis Glawe. -------GTTACCCGGGA-GCGAGCTACCTCGTAGCCCGCTGC
DQ118966 Eutypella vitis (Schwein. : Fr.) Ellis & Everh. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
DQ118964 Eutypella prunastri (Pers. : Fr.) Sacc. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC
DQ118965 Eutypella scoparia (Schwein. : Fr.) Ellis & Everh. -------GTTACCCGGGA-GCGAGCTACCCTGTAGCCCGCTGC

AM399021 Anthostoma decipiens (DC.) Nitschke   strain IPV–FW349 CCCTGTAGTTACTTGGAG-GCGAGCTACCCTGTAGCCCGCTGC

Primer REX       AGTTACTTGGAG-GCGAGCTA
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in the previously described reaction conditions, at 57°C.
The amplicon obtained was 489 bp in length, detecting
at least 0.1 ng of pathogen DNA per microlitre of reac-
tion mixture.

The BLASTN search with the REX primer string re-
trieved Pichia pastoris GS115 hypothetical protein (ac-
cession code XM002490477.1) and Penicillium marnef-
fei ATCC 18224 short-chain dehydrogenase (accession
code XM002143175.1) as the most similar sequences re-
lated to the primer. Some similarity was also found with
some bacteria (Ralstonia solanacearum, Ralstonia picket-
tii, Streptosporangium roseum) and Vitis vinifera, Pyrus
pyrifolia, and Prunus persica proteins.

The primer REX did not completely align with the
ITS1 DNA region of the fungal species taxonomically
related to A. decipiens (Fig. 4). Furthermore, no specific
amplification products were obtained from testing the
different fungal species isolated from diseased horn-
beams and healthy C. betulus tissues. Only DNAs ex-
tracted from all the 118 isolates of A. decipiens gave am-
plicons of 489 bp in length (Fig. 5).

DISCUSSION

In the last 3-4 years, the importance of hornbeam de-
cline has increased in different regions of northern Italy,
and new findings of diseased trees have frequently been
reported by gardeners and phytopathologists. To date,
the disease has been detected in at least 49 different lo-
calities only considering Lombardy (Saracchi et al.,
2010). The discovery that there are two distinct fungi
causing cortical cankers, and of perithecia connected
with one of the two pathogens, the red spore mass pro-
ducing fungus, permitted the identification of this fun-
gal form as A. decipiens, and allowed the search of in-
formation on it. It turns out that this fungus is not new
in our regions for Saccardo (1882, 1884) and Traverso
(1906) reported the presence of A. decipiens and its
anamorphic form (Cytospora decipiens) in Piedmont,
Liguria, Veneto, Tuscany, and Campania. The same fun-
gus was reported as part of the mycoflora associated
with hornbeams in Great Britain (Dennis, 1978, 1986;
Cannon et al., 1985), Poland (Truszkowska and
Chlebicki, 1983), France, Switzerland, Germany, Bel-
gium (Rappaz, 1992; Saccardo, 1882), Canada (Ginns,
1986), and Minnesota (Preston and Dosdall, 1955).
These studies described the morphocultural characteris-
tics of A. decipiens without addressing its pathogenic ac-
tivity. Only Rath (1984) described some symptoms on
hornbeams near Monza similar to those found by us
and associated with A. decipiens.

The importance of the pathogenicity of A. decipiens
has increased in recent years, with regard to the number
of localities where Carpinus betulus decline was report-
ed and the increasing number of trees involved. The
reasons for this evolution development are unknown,
but they may be related to recent repeated environmen-
tal stresses on the plants, that make them increasingly
susceptible to pathogens. Furthermore, there is no in-
formation on disease epidemiology and control. The sit-
uation could further deteriorate if A. decipiens should
attack species other than hornbeam, from which it was
isolated in the past, i.e. maple, birch, beech, and oak
(Ginns, 1986; Preston and Dosdall, 1955; Rappaz, 1992;
Saccardo, 1882, 1884; Traverso, 1906).

It is clear that this problem needs further study. The
publication of DNA sequences related to ITS and beta-
tubulin regions has improved our knowledge about this
fungus. Further studies on its biology, epidemiology, con-
trol, and relationships with other microorganisms will be
advanced by use of the specific PCR primer we describe. 
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