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Abstract During a four-year project conducted to iden-
tify fungal species associated with grapevine trunk dis-
eases (GTDs) in Hungarian vineyards, two non-
sporulating strains isolated from vines exhibiting typical
GTD symptoms were identified as Dothiorella omnivora
based on their ntDNA ITS and EF1-x sequences.
Conidial production of these strains was induced on pine
needle medium where production of spermatia has also
been observed. Pathogenicity tests confirmed their viru-
lence on potted vines. Dothiorella omnivora is a recently
described species of the Botryosphaeriaceae, known to
infect hazelnut, ash, walnut, and other woody hosts. This
is the first European record of D. omniovora from vines
exhibiting GTD symptoms.
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Grapevine trunk diseases (GTDs) represent a complex,
economically important, and hard to manage plant
pathological problem in viticulture worldwide (Bertsch
et al. 2013). Numerous xylem-inhabiting and other phy-
topathogenic fungi have already been detected to be
associated with GTDs; among these, some species of
the Botryosphaeriaceae seem to be the most important
pathogens involved in this trunk disease complex (van
Niekerk et al. 2006; Urbez-Torres et al. 2010, 2012; Pitt
etal. 2010; Carlucci et al. 2015; Wunderlich et al. 2015).

GTDs caused by Botryosphaeriaceae species have
long been detected in Hungarian vineyards. One of these
diseases, Black Dead-Arm, a wood necrosis of trunks and
arms of infected vines, associated with foliar symptoms,
was first described in the Hungarian Tokaj wine region
(Lehoczky 1974). However, apart from a recent study
focusing on GTDs caused by Diplodia seriata (Kovacs
etal. 2017), and the first detection of Seimatosporium vitis
associated with GTDs in the country (Vaczy 2017), little
research has been done on this disease complex during the
past two decades in Hungary. Therefore, to better under-
stand, and manage, GTDs in Hungary, in 2013 we started
a project to identify fungal species associated with trunk
diseases in Hungarian vineyards. A large number of iso-
lates were obtained from symptomatic trunk samples, and
their tentative identifications were done based on colony
morphology, conidiogenesis, and conidial morphology in
the case of sporulating cultures, and routine sequencing
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and analysis of the internal transcribed spacer (ITS)
region of the nuclear ribosomal DNA (nrDNA) for
non-sporulating cultures. Two strains belonging to this
second group exhibited ntDNA ITS sequences identical
to those of Dothiorella omnivora in this preliminary
identification process. As D. omnivora, a recently de-
scribed species, was reported as a pathogen of hazelnut,
walnut, ash, and other, not closely related woody spe-
cies, and only a single strain, isolated in Australia, was
known from grapevine worldwide (Linaldeddu et al.
2016), we carried out a more detailed study of these
two Hungarian strains. The objectives of this work were
to: (i) verify the identity of these strains based on a
phylogenetic analysis of their ITS and partial translation
elongation factor 1-alpha gene (EF1-c) sequences; (ii)
induce their sporulation in culture and verify their iden-
tify based on sporulation characteristics, as well; and (iii)
confirm the pathogenicity of these strains on grapevine.

To isolate fungal strains, woody samples were col-
lected at random from vines exhibiting typical GTD
symptoms in different Hungarian vineyards. Samples
were washed, and bark tissues were removed before
being transversally sectioned to produce 0.5—1 c¢cm thick
disks from parts exhibiting both healthy and necrotic
tissues. Discs were surface sterilized in 1% chloramine
B solution for 5 min, rinsed in sterile distilled water and
dried in a laminar flow cabinet. Small woody pieces
were removed with a sterile needle from the margins of
necrotic and healthy plant tissues, placed on potato
dextrose agar (PDA) and incubated at room tempera-
ture. The emerging individual colonies were transferred
separately to new plates with PDA, to obtain pure cul-
tures of the fungal strains coming from woody tissues.
When this was achieved, DNA was extracted and the
nrDNA ITS region was amplified and sequenced with
the primer pair ITS1F/ITS4 in non-sporulating cultures,
as described in Szentivanyi et al. (2005). In two strains,
M7 and M38, ITS sequences were identical to those of
D. omnivora (e.g., GenBank accession no. KF729083).
Both strains were isolated from approximately 25 years
old grapevine trunks in Eger, Hungary, in 2013: M7
from cv. Pinot Gris, and M38 from cv. Csokaszdlo.
Their ITS sequences were deposited in NCBI
GenBank (accession numbers: KY672850 and
KY672851) and strain M38 at CBS-KNAW Culture
Collection (Westerdijk Fungal Biodiversity Institute,
Netherlands) under accession number CBS142586.

In addition to ITS sequences, up to 250-280 bp
fragments of the translation elongation factor 1-alpha
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gene (EF1-x), spanned by primers EF446f and EF1035r
(Inderbitzin et al. 2010), are also available for several
strains of D. omnivora in GenBank (e.g., KF575053).
We determined an >850 bp long fragment of the EF1-a
gene in strains M7 and M38 using primers EF1-526F
(Rehner 2001) and EF1-1567R (Rehner and Buckley
2005). PCR conditions were as described by Rehner and
Buckley (2005), with one modification: we decreased
the initial annealing temperature to 62 °C. Each PCR
amplification was carried out in parallel in three tubes
under identical conditions, and the three PCR products
were mixed before direct sequencing, to minimize the
effects of DNA polymerase errors, as described in
Kovacs et al. (2008, 2011). Sequences were manually
assembled from chromatograms using the Staden
Package (Staden et al. 2000). The EF1-x sequences
obtained in this way were deposited in GenBank under
accession numbers KY681037 and KY681038, and
included the fragment spanned by primers EF446f/
EF1035r, reported by Linaldeddu et al. (2016) and
Zlatkovic et al. (2016) for some D. omnivora strains.

To carry out a comprehensive analysis of the phylo-
genetic relationships of strains M7 and M38 within the
Botryosphaeriaceae, the ITS sequences and the EF1-a
gene fragments amplifiable with primers EF446f/
EF1035r were retrieved for a total of 22 closely related
taxa from GenBank (Table 1). Sequences of these two
loci were aligned with online MAFFT version 7 (Katoh
and Standley 2013) using E-INS-i and FFT-NS-i algo-
rithms, respectively. As indel motifs have the potential
to improve branch supports in phylogenies (Nagy et al.
2012), these were coded in both loci as binary characters
(Loytynoja and Goldman 2008) with FastGap 1.2
(Borchsenius 2007). Resulting indel matrices were
added to the ITS-EF1-« dataset and used in our phylo-
genetic analyses. The alignment was deposited at
TreeBASE (submission ID 21196).

Maximum likelihood (ML) analysis was carried out
using raxmlGUI 1.5 (Silvestro and Michalak 2012;
Stamatakis 2014) with four partitions set corresponding
to ITS (480 characters), EF1- (273 characters) and
their indels (11 and 16 characters, respectively). Thus,
the final four-partition dataset for phylogenetic analyses
consisted of 24 sequences with 780 characters. A nucle-
otide substitution model GTR + G was used with ML
estimation of base frequencies in ITS and EF1-o dataset
and BINGAMMA in the indel datasets. There were 10
runs of ML and the supports of the branches were
calculated from 1000 bootstrap replicates.
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Bayesian (MCMC) analysis was performed with
MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001), with
partitions set as above and parameters estimated sepa-
rately for the partitions. Specified models were GTR +
G for DNA sequence data and two parameter Markov
(MK, k = 2) for indels. Two Markov chains were run for
10,000,000 generations and every 1 000th tree was
sampled. The fist 4000 trees were discarded (burn in).
Trees resulting from analyses were visualized in
MEGA7 (Kumar et al. 2016) and TreeGraph 2.13.0
(Stover and Miiller 2010).

To induce sporulation in strains M7 and M38, myce-
lial disks of their cultures maintained on PDA were
transferred to water agar plates, each containing a pine
needle autoclaved three times, and the cultures were
monitored every day for the presence of pycnidia.
The pine needle medium has long been known to
induce sporulation in some ascomycetous fungi, and
in particular in the Botryosphaeriaceae (Smith et al.
1996; Crous et al. 2006).

The pathogenicity of strains M7 and M38 was veri-
fied using approx. 5-month old shoots of 1.5 year old,

asymptomatic potted vines, cv. Kékfrankos, produced in
a greenhouse, as described by Vaczy (2017). Shoots
were surface sterilized with 70% alcohol and wounded
to the pith with a sterile transfer needle. Each plant had
one wounded shoot. Mycelial discs, 4 mm diameter, cut
from 2-week old, non-sporulating cultures were sealed
with Parafilm on the wounded surface of the shoots and
plants were kept in a greenhouse at room temperature
with natural daylight. Control shoots received the same
treatment with sterile PDA discs. Three plants were
inoculated with each strain and two others served as
controls. The test was carried out twice. Shoots were
examined three weeks following inoculations. The
pathogen was re-isolated from the symptomatic tis-
sues and the ITS sequence was determined in the
newly obtained isolates.

The phylogenetic analysis confirmed the identity of
strains M7 and M38. Fig. 1 shows the ML tree; the
Bayesian analysis resulted in the same grouping of taxa.
The two Hungarian strains grouped together with strain
CBS140349, the ex-holotype of D. omnivora
(Linaldeddu et al. 2016), isolated from hazelnut, and

D. omnivoraex Vitis vinifera, Hungary, CBS142586

D. omnivora ex Vitis vinifera, Hungary, M38

D. omnivoraex Vitis vinifera, Australia, DAR78991
D. omnivoraex Corylus avellana, Italy, CBS140349
D. vidmadera, IRAN1571C

0_95 19| p. vidmadera ex Vitis vinifera, Australia, DAR78992

D. sempervirentis ex Cupressus sempervirens, Iran, CBS124718
191 p. sempervirentis ex Cupressus sempervirens, Iran, CBS124719
D. parva ex Corylus avellana, Italy, BL172

10l . parva ex Corylus avellana, Iran, CBS124720

D. sarmentorum ex Ulmus sp., United Kingdom, IMI63581b

191 p. sarmentorum ex Malus pumila, Netherlands, CBS115038
D. americana ex Vitis vinifera, USA, CBS128309
19 | D, americana ex Vitis vinifera, USA, CBS128310

D. iberica ex Quercus ilex, Spain, CBS115041

D. iberica ex Pistacia vera, USA, CAA005

D. symphoricarposicola ex Symphoricarpos sp., Italy, MFLUCC13-0498

10 D. symphoricarposicola ex Symphoricarpos sp., Italy, MFLUCC13-0497

100 D. californica ex Umbellularia californica, USA, VICA1
10 | p. californica ex Umbellularia californica, USA, CBS141587
D. prunicola ex Prunus aulcis, Portugal, CBS124723

D. iranicaex Olea europaea, Iran, CBS124722

0.02
Fig.1 The best Maximum Likelihood (ML) tree resulted from the
phylogenetic analysis. The outgroup was selected and the tree was
rooted based on Linaldeddu et al. (2016). Bootstrap values calcu-
lated from 1000 replicates in ML analysis are written as

@ Springer

100 D. brevicollis ex Acacia karroo, Australia, CBS130411
10 D. longicollis ex Lysiphyflum cunninghamii, Australia, CBS122068

percentages above the branches (no values shown below 70%)
and posterior probabilities below the branches (no values shown
below 0.8). Bar indicates 0.02 expected changes per site per
branch
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Fig. 2 Induction of sporulation in Dothiorella omnivora strain CBS142586 (M7). a Production of pycnidia on pine needle medium. b A
conidium, bar: 25 um. ¢ Spermatia produced in a fruiting body, bar: 5 um

strain DAR78991, isolated from grapevine in Australia
(Pitt et al. 2010) and later identified as D. omnivora
(Linaldeddu et al. 2016).

Conidial morphology supported the identification of
strains M7 and M38. In both strains, pycnidia appeared
within 10 to 14 days on the surface of pine needles (Fig.
2a), and contained brownish, ellipsoid-ovoid, 1-septate
conidia, measuring 20-26 x 8-10 um (Fig. 2b). Later
on, in 1-month old colonies kept on pine needle agar,
spermatia were also detected in the fruiting bodies (Fig.
2c¢). This is the first report of the production of spermatia
in D. omnivora strains.

Both strains infected grapevine, cv. Kékfrankos, dur-
ing pathogenicity tests. Three weeks after inoculations,
each shoot inoculated with fungal cultures exhibited a 2
to 3.5 cm long lesion which extended both upward and
downward from the point of inoculation (Fig. 3). No
symptoms were observed on controls. The pathogen
was re-isolated and the ITS sequences, determined in
three isolates, were identical to those determined earlier.

In addition to those ITS and EF1-o sequences avail-
able for D. omnivora in GenBank which were identical
to the sequences determined in strains M7 and M38,
there are also some other ITS and EF1-« entries depos-
ited for D. omnivora in GenBank which differ in a few

nucleotides from those determined in this study. Also,
BLAST searches using the ITS sequences of strains M7
and M38, or their EF1-« fragments spanned by primers
EF446f/EF1035r, revealed up to 96-99% similar, or
identical sequences in GenBank under the names
Dothiorella spp., Diplodia sp., and, most notably, as
Botryosphaeria iberica. This is not surprising because
D. omnivora is closely related to B. iberica and a num-
ber of other species of the Botryosphacriaceae
(Linaldeddu et al. 2016). When BLAST searches were
done with the entire, 862 and 885 bp long EF1-« se-
quences determined in strains M7 and M38, respectively,
these revealed similar EF1-o regions in different mem-
bers of the Botryosphaeriaceae, but not in D. omnivora,
because EF1-« sequences longer than those determined
by Linaldeddu et al. (2016) and Zlatkovic et al. (2016)
are not available for D. omnivora strains to date. In spite
of its limitations, different fragments of EF1-x se-
quences have long been used for species identifications
in the Botryosphaeriaceae (Slippers et al. 2017; Urbez-
Torres et al. 2017), and the >850 bp long EF1-x se-
quences determined in this work for D. omnivora may be
useful in future detailed phylogenetic studies.

To our knowledge, this is the first European re-
cord of D. omnivora from grapevine, and associated

@ Springer
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Fig. 3 Infection of a vine shoot, cv. Kékfrankos, with a mycelial
disc of strain CBS142586 (M7), three weeks after inoculations
(after removal of the mycelial disc from the wound)

with GTDs. Most known European D. omnivora
strains came from hazelnut, ash, walnut,
Chamaecyparis lawsoniana, Ostrya carpinifolia
and Thuja occidentalis (Linaldeddu et al. 2016). To
date, a single D. omnivora strain has been isolated
from grapevine, in Australia (Pitt et al. 2010, 2014),
where the role of the Botryosphaeriaceae in grape-
vine diseases has long been extensively studied (Qiu
et al. 2015; Wunderlich et al. 2015). Other, exten-
sive surveys of GTD pathogens (e.g., Urbez-Torres
et al. 2010, 2012; Carlucci et al. 2015) have not
identified this species in vineyards. This may sug-
gest that D. omnivora is not a major grapevine
pathogen. On the other hand, Gramaje et al. (2016)
have recently highlighted that a number of GTD
pathogens are also causing disease in almond, pista-
chio, walnut, and other tree crop plantations; there-
fore, the same fungi may have an impact on the
productivity of vineyards, nut orchards, and other
tree crop plantations, as well. Although still little
studied, D. omnivora may be one of these species
which occur in a wide range of woody crops.
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