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Abstract A botryosphaeriaceous taxon causing fruit pedun-
cle and pedicel discolouration was found infecting grapevines
in Hubei and Jiangsu Provinces in China. Morphological and
phylogenetic analyses showed the taxon to be
Lasiodiplodia pseudotheobromae. Pathogenicity testing
and Koch’s postulates proved that Lasiodiplodia
pseudotheobromae caused fruit peduncle and pedicel
discolouration on grape fruit clusters. This is the first
report of this fungus causing grapevine fruit peduncle
and pedicel discolouration worldwide.
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Grapes have been grown in China for more than 2000 years
and grape production has increased rapidly, especially since
the 1980’s (Li 2001). Grapevine trunk diseases cause great
economic losses in the wine and grape industries across the
world (Urbez-Torres 2011). Botryosphaeriaceous pathogens
associated with grapevine trunk diseases cause severe and
economically significant symptoms (Crous et al. 2006;
Urbez-Torres 2011; Yan et al. 2013). The genera
Botryosphaeria, Diplodia, Lasiodiplodia and Neofitsicoccum
were reported to be the prominent genera of
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Botryosphaeriaceae associated with grapevine infections
(Luque et al. 2009; van Niekerk et al. 2006; Urbez-Torres
2011). Presently 25 Botryosphaeriaceae species are known
from grapevine worldwide (Urbez-Torres 2011; Linaldeddu
et al. 2014; Dissanayake et al., First report of Neofusicoccum
mangiferae associated with grapevine dieback in China (un-
published)). Morphological and multi-gene phylogenetic
analyses confirmed Botryosphaeria dothidea, Diplodia
seriata, Lasiodiplodia theobromae and Neofusicoccum
parvum were associated with different grapevine dieback
symptoms in Chinese vineyards (Yan et al. 2013).
Lasiodiplodia pseudotheobromae is reported for the first time
on grapevine in Brazil as a grapevine trunk pathogen (Correia
et al. 2013). The symptoms caused by Botryosphaeriaceae
on grapevines are significantly different between coun-
tries and vary depending on the cultivars. The most
serious symptom reported in Chinese grapevines are
‘cluster and fruit dropping’ which differs to the major
symptoms described in other countries (Yan et al. 2013).
In June-August 2013, the disease was observed on grape
clusters (E-L.33) in Jiangsu and Hubei Provinces in China. The
symptoms appeared on fruit peduncles and pedicels in grape
clusters as small, brown necrotic lesions which expanded and
later became dry and dead (Fig. 1). Symptomatic grape clusters
were collected; the tissues were cut into 5 mm pieces from the
margins of healthy and infected tissues and surface-sterilized by
immersion in 2 % NaOCl for 1 min. The cuttings were rinsed
three times in sterile distilled water, dried and placed on potato
dextrose agar (PDA) medium and incubated at 28 °C for 7 days.
Isolates developed from the diseased tissues were sub-cultured
on PDA medium and purified via single spore isolation. Repre-
sentative cultures were deposited at the Mae Fah Luang Univer-
sity culture collection (MFLUCC), Thailand (Table 1).
Identification of the fungus was based on both morpholog-
ical characteristics and molecular methods. Conidiomata
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Fig. 1 Peduncle and pedicel discolouration of grape clusters

obtained from the culture plates were mounted in microscopic
slides and the dimensions of 40 conidia were measured with
Nikon DS-Ril digital camera connected to a Nikon NIS-
Elements F3.0 microscope.

The genomic DNA was extracted from pure cultures
grown on PDA following the CTAB method of Doyle

and Doyle (1987). DNA amplification was performed
by polymerase chain reaction (PCR). Primer pairs ITS1
and ITSS (White et al. 1990) were used to amplify the
internal transcribed spacers. Primers EF1-728F and
EF1-986R (Carbone and Kohn 1999) and Bt2a and
Bt2b (Glass and Donaldson 1995) were used to amplify
and sequence part of the translation elongation factor 1-
alpha (EF1-o) gene and part of the 3-tubulin gene re-
spectively. Sequences were aligned with those retrieved
from GenBank (Table 1) using MAFFT v. 6.0 (Katoh
and Toh 2010) and manually adjusted when necessary.
Maximum parsimony analysis (MP) was performed with
PAUP* (Phylogenetic Analysis Using Parsimony) v.
4.0b10 (Swofford 2003) using the heuristic search op-
tion with 1000 random stepwise addition. The nucleo-
tide substitution models were determined individually
for each gene region using MrModelTest v. 2.3
(Nylander 2004). A Bayesian analysis was performed
using MrBayes v. 3.1.2 (Ronquist and Huelsenbeck
2003). Sequences generated in this study are deposited
in GenBank (Table 1). Resulting alignment and the tree
were deposited in TreeBASE (http://www.treebase.org/)
as accession number S16881.

Pathogenicity was assessed for grape fruit clusters (E-L36)
cv. Niunai. Grape clusters were surface sterilized with 1 %
NaOCl and washed three times in sterilized water. Six pedun-
cles and six pedicels were punctured with a sterile needle.
Mycelial plugs (3—5 mm?) taken from the margin of an

Table 1 Isolates used in this study. GenBank accession numbers of Lasiodiplodia pseudotheobromae obtained in this study are in italic
Lasiodiplodia species Isolate number Origin Host GenBank accession numbers

ITS EFl-x {3-tubulin
Diplodia mutila CBS 112553 - Vitis vinifera AY259093 AY573219 DQ458850
L. citricola CBS 124707 Iran Citrus sp. GU945354 GU945340 -
L. egyptiacae CBS 130992 Egypt Mangifera indica IN814397 JN814424 -
L. euphorbicola CMM3609 Brazil Jatropha curcas KF234543 KF226689 KF254926
L. hormozganensis CBS 124709 Iran Olea sp. GU945355 GU945343 -
L. macrospora CMM3833 Brazil Jatropha curcas KF234557 KF226718 KF254941
L. marypalme CMM 2275 Brazil Carica papaya K(C484843 KC481567 -
L. parva CBS 456.78 Portugal Cassava-field soil EF622083 EF622063 -
L. pseudotheobromae CBS 116459 Costa Rica Gmelina arborea EF622077 EF622057 EU673111
L. pseudotheobromae MFLUCC 14-1192 Hubei, China Vitis vinifera KP319266 KP319264 KP319260
L. pseudotheobromae MFLUCC 14-1193 Hubei, China Vitis vinifera KP319267 KP319265 KP319261
L. pseudotheobromae MFLUCC 14-1194 Jiangsu, China Vitis vinifera KP319268 KP319262 KP319258
L. pseudotheobromae MFLUCC 14-1195 Jiangsu, China Vitis vinifera KP319269 KP319263 KP319259
L. subglobosa CMM3872 Brazil Jatropha curcas KF234558 KF226721 KF254942
L. theobromae CBS 164.96 Portugal Fruit on coral reef AY 640255 AY 640258 EU673110
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actively growing colony on PDA (isolate MFLUCC 14-1192)
was placed on the wounded peduncles and pedicels. Sterile
PDA plugs were placed on punctured peduncles and pedicels
as controls. Wounds were sealed and wrapped with parafilm
(BEMIS, USA). Inoculated grape clusters were maintained at
28 °C and 70 % RH under 12 h light/12 h dark system for
5 days.

Colonies on PDA were initially grey-white and be-
came dark grey-black when aged with a sporulation af-
ter 15 days. Conidia were 25-30 x 10-15 pum (n = 40),
hyaline, aseptate, sub-ovoid to ellipsoid with broadly
rounded apices and later became dark brown, 1-septate
and thick-walled (Fig. 2). Conidial morphology and cul-
tural features of the isolates are in close agreement with
the morphological description of L. pseudotheobromae
(Alves et al. 2008).

Amplicons of the ITS, EFl-x and (-tubulin regions
have approximately 0.5, 0.3, and 0.4 kbp, respectively.
The combined dataset of ITS, EFl-« and p-tubulin
consisted of 15 taxa, which comprised the four
L. pseudotheobromae isolates obtained in this study
and 11 additional isolates (Hyde et al. 2014) including
the outgroup Diplodia mutila. The combined dataset

comprised 1180 characters after the uneven ends were
truncated. Of these characters, 1034 were constant, 111
were parsimony uninformative and 35 were parsimony
informative. A heuristic search revealed most parsimo-
nious trees (Fig. 3; tree length = 176 steps, CI = 0.898,
RI = 0.822, RC = 0.738 and HI = 102). Maximum-
parsimony and Bayesian inference produced trees with
nearly identical topologies (Bayesian tree not shown).
Isolates obtained in this study clustered together in a well-
supported clade (bootstrap value = 100 %; posterior probabil-
ity = 1.0) with the ex-type of L. pseudotheobromae (CBS
116459) thus confirming the identification of the studied
isolates.

Disease symptoms developed on the inoculated fruit
peduncles and pedicels within 24 h after inoculation. At
the end of the third day, grey-white mycelia were ob-
served on affected areas (Fig. 4). The pathogen was re-
isolated from the lesions on peduncles to confirm
Koch’s postulates. No disease symptoms were observed
on the control fruit clusters.

On the basis of morphological characteristics, pathogenic-
ity testing on host plant, and molecular analysis, the fungus
was identified as L. pseudotheobromae. This species

Fig.2 Lasiodiplodia pseudotheobromae. Upper view of the 10 days older culture (a). Reverse view ofthe 10 days older culture (b). Conidiogenous cells
(¢). Young conidia (d). Young and mature conidia (e). Mature conidia (f) Scale bars = 30 um (c, d, e, f)
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Fig. 3 Phylogenetic analysis of
the combined dataset of ITS, EF1-
« and (-tubulin sequences
alignment. The scale bar shows 1
change. Bootstrap support values
for maximum parsimony (MP)
greater than 95 % and Bayesian
posterior probabilities above 0.95
are given above the nodes. Isolate
numbers follow species names,
with ex-type and ex-epitype
strains in bold. The tree is rooted
to Diplodia mutila (CBS 112553)

Fig. 4 Pathogenicity test of
Lasiodiplodia pseudotheobromae
on grape fruit peduncles and
pedicels. Non-inoculated fruit
cluster (a). Fungal mycelium
spreading over the fruit peduncles
and pedicels, 72 h after
inoculation (b)
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was previously reported in China on Acacia confusa,
Albizia falcataria, Eucalyptus sp., Mangifera sylvatica
and Paulownia fortunei (Zhao et al. 2010). To our
knowledge, this is the first report of Lasiodiplodia
pseudotheobromae causing grapevine fruit peduncle
and pedicel discolouration worldwide.
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